
j 

.... 

'• ...... 

JH T ffl d: 0 ~ 
IOS'd-""3. 

Cf.l3./.l 

UMTRA- DOE/AL -OS0509 
.0000 

Remedial Action Plan for the 
Codisposal and Stabilization of the 
Monument Valley and Mexican H_~_t _ _ . _ 
U rani u m M i II T a i I i n g s at \ 111111111111111111111111111111111111111111111111111111111111 . I SURF008880 ·, 

· Mexican Hat, Utah L Jj . •• ~J :· 
()t '! 

Text 

Final 

February 1993 

Appendix B of the 
Cooperative Agreement 
No. DE-FC04-83AL 16258 

Uranium Mill Tailings Remedial Action Project 

005":0.;t.o.2. 

.( SfYJ6N t:J.f.l 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



•• 

• 

• 

REMEDIAL ACTION PLAN 

FOR THE CODISPOSAL 

AND STABILIZATION 

OF THE 

UMTRA-DOE/AL-050509.0000 

MONUMENT VALLEY AND MEXICAN HAT 

URANIUM MILL TAILINGS 

AT 

MEXICAN HAT, UTAH 

FEBRUARY 1993 

APPENDIX B TO THE COOPERATIVE AGREEMENT 

NO. DE-FC04-83AL16258 

URANIUM MILL TAILINGS REMEDIAL ACTION PROJECT OFFICE 

ALBUQUERQUE OPERATIONS OFFICE 

DEPARTMENT OF ENERGY 

ALBUQUERQUE, NEW MEXICO 87108 



This page intentionally left blank 

 



• 

• 

• 

ATTACHMENT 1 

Executive Summary 



This page intentionally left blank 

 



• 

• 

• 

EXECUTIVE SUMMARY 

INTRODUCTION 

The Mexican Hat tailings site is in San Juan County, Utah, two road miles 
southwest of the town of Mexican Hat on the Navajo Reservation. The Navajo 
community of Halchita is approximately 0.5 mile southwest of the site. The mill 
at the Mexican Hat site was operated from 1957 to 1965 by Texas-Zinc Minerals 
Corporation and the Atlas Corporation. Originally, two irregularly shaped 
tailings piles were 1 ocated in the northeastern portion of the site. They 
occupied approximately 69 acres of the 235-acre designated site and contained 
approximately 2,575,000 cubic. yards (cy) of tailings. The total amount of 
materials, including the tailings and windblown and waterborne materials, is 
estimated to be 2,810,000 cy. 

The Monument Valley tailings site is on the Navajo Reservation in Arizona, 
17 road miles south of the Mexican Hat disposal site. The mill at the Monument 
Valley site was operated from 1955 to 1968 by Vanadium Corporation of America and 
its successor, Foote Mineral Company. The mill buildings and milling equipment 
have been removed from the site; two tailings piles, concrete building founda
tions, and debris remain at the site. The two irregularly shaped tailings piles 
occupy approximately 28 acres in the center of the 100-acre designated site and 
contain 1,030,000 cy of tailings. The total amount of materials, including the 
tailings, contaminated soils beneath and around the tailings, and other 
contaminated materials, is estimated to be 1,100,000 cy • 

REMEDIAL ACTION 

Under the proposed action, the tailings and other contaminated materials 
from the Mexican Hat and Monument Valley sites would be consolidated into a 
single embankment at the Mexican Hat site. The stabilized pile would then be 
covered with a two-foot-thick radon barrier consisting of silty sands amended 
with 10 percent sodium bentonite, a six-inch layer of filter and bedding 
materia 1, and an ei ght-i nch-thi ck 1 ayer of sma 11 diameter rock for erosion 
protection. The consolidated tailings and contaminated materials would have 
sideslopes of 20 percent. The topslope would be two percent. The stabilized 
embankment would cover approximately 60 acres, measuring 2200 feet long in the 
east-west direction and 1500 feet wide in the north-south direction. The 
embankment would average approximately 30 feet above the surrounding terrain to 
the north, east, and west. A ditch would be constructed to divert surface water 
runoff into an existing arroyo near the embankment. The arroyos on the northeast 
and east sides would be armored with rock to prevent their advancement toward the 
stabilized pi 1 e. 

The bui 1 dings and other structures associ a ted with the former mi 11 i ng 
operations at Mexican Hat were demolished as part of Phase I site construction 
activities. Phase II remedial activities were to consist of consolidation of all 
Mexican Hat and Monument Valley contaminated materials in the disposal cell at 
Mexican Hat. The debris from the demolished structures was consolidated with the 
ta i 1 i ngs and other contaminated materia 1 s prior to suspension of Phase II 
construction. In addition, the upper tailings pile and most of the 
wi ndb 1 own/waterborne contamination at Mexican Hat were stabilized on the ori gina 1 



lower tailings pile prior to suspension. Only 40,000 cy of contaminated 
materials from Monument Valley were hauled to the Mexican Hat disposal cell prior • 
to Phase II construction suspension. 

COMPLIANCE SUMMARY 

Pursuant to the requirements of the Uranium Mill Tailings Radiation Control 
Act (UMTRCA), the proposed remedial action plan (RAP) will satisfy the U.S. 
Environmental Protection Agency (EPA) standards (40 CFR 192) for cleanup, 
stabilization, and control of the residual radioactive materials (RRM) at the 
Monument Valley and Mexican Hat sites. The requirement for contra 1 of the 
tailings (Subpart A) is predicted to be satisfied, with reasonable assurance, by 
the construction of a discrete engineered di spas a 1 ce 11 . The ce 11 will be 
covered with a radon/i nfi ltrati on barrier composed of contra 11 ed compacted 
bentonite-amended soils, a bedding (filter) layer of sand, and a.rock erosion 

.barrier (Section· E.2.3). The surface will be contoured to pr.ovide proper 
drainage, thereby minimizing infiltration through the tailings. This cover 
system will also limit the release of radon-222 from the tailings to below the 
standard of 20 picocuries per square meter per second {pCi/m2s). 

All materials chosen will meet the U.S. Nuclear Regulatory Commission (NRC) 
requirements applicable to the Uranium Mill Tailings Remedial Action (UMTRA) 
Project, will be as durable as is reasonably achievable, and will be placed to 
promote their long-term performance in the absence of maintenance. The pile 
morphology has been designed to provide slope, settlement, and deformation 
integrity. Therefore, the need for maintenance is reduced to a minimum. 

Compliance with the proposed groundwater portion of the EPA standards will 
be accomplished through the implementation of the groundwater protection 
standards in 40 CFR 192.02(a)(3). Compliance is predicted by an advantageous 
hydrogeologic setting and negligible long-term seepage rate from the disposal 
cell (Section E.3.2). Seepage of tailings fluids into the Honaker Trail 
Formation is precluded by the lower Halgaito Shale Formation and the upward 
hydraulic gradient between the Honaker Trail Formation and the Halgaito Shale 
Formation. This upward hydraulic gradient is artesian in the vicinity of the 
tailings disposal cell. 

The disposal cell is designed to minimize infiltration. Studies have been 
conducted recently on infiltration through radon barriers with cover components 
similar to that proposed for the Mexican Hat site in areas with similar climates. 
These studies suggest that the radon barrier will remain unsaturated and that the 
infiltration rate will be negligible (Section E.3.2). 

The U.S. Department of Energy (DOE) is required to prepare a performance 
assessment monitoring and survei 11 ance p 1 an. The DOE has campi 1 ed an UMTRA 
Project long-term surveillance plan (LTSP). That document constitutes the basis 
for the si te-speci fi c surveillance and performance monitoring program to be 
undertaken at the stabilized site. There is no need for post-closure monitoring 
of groundwater at the Mexican Hat site because of its advantageous hydrogeologic 
setting. Water quality impacts in the Honaker Trail Formation have not been 
observed, even though processing activities began over 30 years ago. 

.,.,. • 
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Groundwater in the vicinity of the Mexican Hat tailings site has never been 
used as a water resource due to the naturally poor quality and limited yield. 
Based on the historic record of groundwater use and the present and future 
availability of alternative water supplies, groundwater is not projected to 
constitute a viable water resource in the area (Section E.3.6). After remedial 
actions are completed at the Mexican Hat disposal site, groundwater within the 
Halgaito Shale Formation will disperse in an unknown, but finite,· time. Even
tually, recharge to the Halgaito Shale Formation will be governed by infiltration 
from precipitation, which will result in a return to unsaturated conditions, as 
was likely the case prior to uraniu~ milling operations. 

With the exception of the groundwater contamination at the Monument Valley 
site, the standards for cleanup of the site under Subpart B of 40 CFR 192 will 
also be satisfied with the proposed RAP. Cleanup of the tailings piles and 
windblown materials at both the Monument Valley and Mexican Hat sites will be 
accomplished by consolidating the materials into one disposal cell at Mexican 
Hat. Groundwater cleanup at the Monument Valley site under Subpart B can be 
decoupled from the effects of the remedial action associated with Subpart A, . 
because the tailings will be relocated to Mexican Hat. Verification of cleanup 
to standards (as defined in Subpart B) will be performed. The issue of 
groundwater cleanup at both Monument Valley and Mexican Hat will be addressed in 
a separate process under Subpart B of UMTRCA. 

DOCUMENT ORGANIZATION 

This document is a revision of the original Mexican Hat RAP and RAP Modifi
cation submitted in July 1988 and January 1989, respectively, along with updated 
design documents. The NRC•s Standard Format and Content guide was not followed 
in preparing this RAP because the original document format was kept. The text 
is primarily a summary of the characterization of the sites and the proposed 
remedial action design; other supporting activities are also described. Appendix 
A consists of the characterization data, analyses, and design drawings that 
supported site activities performed prior to suspension of Phase II construction 
(from October 1988 to January 1990). These actions were conducted under condi
tional NRC and Navajo Nation concurrence. ·The design drawings, subcontract 
documents, information for bidders, and design calculations in support of the 
proposed remedial action are found in Appendix B. Appendix C consists of the 
Radiological Support Plan (included in the previous RAP format). Appendix D 
contains the site characterization, including detailed descriptions of the 
geology, hydrogeology, and pre-existing conditions of the sites. It also con
tains (in addenda) characterization data that supported the previous design and 
remedial activities completed to date at Mexican Hat. Appendices E and F contain 
detailed discussions of the groundwater compliance strategy and supporting 
analyses and calculations • 
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1.0 INTRODUCTION 

1.1 PURPOSE 

This RAP has been developed to serve a two-fold purpose. It presents 
the activities proposed by the DOE to accomplish long-term stabilization 
and control of the RRM from Monument Valley, Arizona, and Mexican Hat, 
Utah, at the Me xi can Hat disposal site. It also serves to document the 
concurrence of both the Navajo Nation and the NRC in the remedial action. 
This agreement, upon execution by the DOE and concurrence by the Navajo 
Nation and the NRC, becomes Appendix B of the Cooperative Agreement. 

1.2 RESPONSIBILITIES 

In 1978, Congress passed Public Law 95-604, the Uranium Mill Tailings 
Radiation Control Act (UMTRCA) of 1978, expressly finding that uranium mill 
tailings located at inactive (and active) mill sites may pose a potential 
health hazard to the public. Title I to the UMTRCA identified 24 sites to 
be designated for remedial action. On November 9, 1979, the sites near 
Mexican Hat and Monument Valley were designated as two of these 24 sites. 

The UMTRCA charged the EPA with the responsibility for promulgating 
remedial. action standards for inactive mill sites. The purpose of these 
standards is to protect the public health and safety and the environment 
from radiological and nonradiological hazards associated with radioactive 
materials at the sites. The final standards were promulgated with an 
effective date of March 7, 1983. 

The DOE will select and execute a plan of remedial action that will 
satisfy the EPA standards and other applicable laws and regulations. Under 
the UMTRCA, the DOE and the Navajo Nation entered into a cooperative agree
ment effective October 7, 1983, for remedial action at the Mexican Hat and 
Monument Valley sites. The DOE will fund 100 percent of allowable costs. 

It is the intent of the DOE, as required by UMTRCA, to comply with EPA 
regulations in Subparts A through C of 40 CFR 192 in the preparation of 
this RAP. All remedial action planning and design considerations contained 
herein reflect the incorporation of this regulatory guidance. Therefore, 
by performing all remedial action activities in accordance with the design 
presented in this RAP, the DOE will meet the standards of 40 CFR 192. 

All remedial actions must be selected and performed with the con
currence of the NRC. In conformance with the UMTRCA, the required NRC 
concurrence with the selection and performance of proposed remedial actions 
and the licensing of long-term surveillance and maintenance of disposal 
sites will be for the purpose of ensuring compliance with the standards 
established by the EPA. Therefore, the RAP constitutes the initial docu
ment in the licensing process • 

-1-



1.3 SCOPE AND CONTENT 

This document has been structured to provide a comprehensive under
standing of the remedi a 1 action. proposed for the Monument Va 11 ey and 
Mexican Hat sites. It includes specific design and construction require
ments for the remedial action. Pertinent information and data are included 
with reference given to the supporting documents. 

Section 2.0 presents the EPA standards, including a discussion of 
their objectives. Section 3.0 summarizes the present site characteristics 
and provides a definition of site-specific problems. Section 4.0 is the 
site design for the proposed action. Section 5.0 presents the water 
resources protection strategy. Section 6.0 summarizes the plan for 
ensuring health and safety protection for the surrounding community and the 
on-site workers. Section 7. 0 1 i sts the res pons i bi 1 it i es of the project 
participants. Section 8.0 describes the features of the long-term 
surveillance and maintenance plan. 

Attached as· part of the RAP are appendices that describe various 
aspects of the remedial action in more detail. 

Appendix A, Phases I and II Subcontract Completion Report (three 
volumes), describes the remedfal activities completed at the sites (to May 
1990) with supporting characterization data and calculations. 

Appendix B, Specifications, Design Drawings, Calculations (five 
volumes), and Information for Bidders (three volumes) contains detailed 
i~formation on the remedial action design. 

Appendix C, Radiological Support Plan, describes. the procedures used 
to characterize the present radio 1 ogi ca 1 condition of the site and the 
procedures to be used to control and verify the results of remedial action 
activities. -

Appendix D, Site Characterization, includes additional information and 
data supporting the design of the proposed remedial action. 

Appendix E, Water Resources Protection Strategy, describes how the 
remedial action will be in compliance with the proposed EPA groundwater 
standards. 

Appendix F, Groundwater Hydrology Calculations, contains calculations 
supporting the groundwater hydrology assessment and the water resources 
protection strategy. 

1.4 COLLATERAL DOCUMENTS 

The Mexican Hat Environmental Assessment (EA) (DOE, 1987) describes 
existing conditions and the impacts of stabilizing the Mexican Hat con-

• 

• 

taminated materials at the Mexican Hat disposal site. The Monument Valley • 
EA (DOE, 1988) describes the conditions at the Monument Valley site and the 
proposed remedial action of codisposal of the Monument Valley and Mexican 
Hat contaminated materials at the Mexican Hat disposal site. The Monument 

-2-
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Va 11 ey EA a 1 so addresses the alternatives considered; the envi.ronmenta 1 
impacts at the Monument Valley site, and those impacts at the Mexican Hat 
site that result from the proposed action. 

An additional supporting document is the Technical Approach Document 
(DOE, 1989a). This document describes technical approaches and procedures 
used in the UMTRA Project. It includes discussion of major technical 
areas; design considerations; surface-water hydrology and erosion control; 
geotechnical aspects of pile design; radiological issues (the design of the 
radon barrier, in particular); and protection of groundwater resources. 

Copies of these documents are on file in the UMTRA Project Office in·· 
Albuquerque, New Mexico • 

-3-
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2.0 EPA STANDARDS 

The requirements and considerations for long-term isolation and stabiliza
tion of tailings, radon control, cleanup of land and buildings, and protection 
of water quality have been discussed and published in the Plan for Implementing 
EPA Standards for UMTRA Project Sites (DOE, 1984a). That document was used as 
a guide in the deve 1 opment of the RAP and is the basis for the fo 11 owing 
discussion of the EPA standards. 

2.1 GENERAL 

Pursuant to the requirements of the UMTRCA, the EPA has promulgated 
health and environmental standards to govern cleanup, stabilization, and 
control of RRM at inactive uranium mill tailings sites. The promulgated 
standards estab 1 ish requirements for 1 ong-term stabi 1 ity and radiation 
protection, and provide procedures for ensuring the protection of 
groundwater quality. 

In developing the standards, the EPA determined that 11 the primary 
objective for control of tailings should be isolation and stabilization to 
prevent their misuse by man and dispersal by natural forces such as wind, 
rain, and flood waters, .. and that 11 a second objective should be to reduce 
radon emissions from tailings piles. 11 A third objective should be 11 the 
elimination of significant exposure to gamma radiation from tailings piles 11 

(refer to the preamble to Standards for Remedial Actions at Inactive 
Uranium Processing Sites, 40 CFR 192). These conclusions were based on a 
determination that the most significant public health risks associated with 
inactive tailings were posed by exposure to persons living and working in 
structures contaminated by relocated tailings. The EPA further concluded 
that the potentia 1 for contamination of groundwater and surface water 
should be evaluated on a site-specific basis. 

The EPA standards are discussed in the following paragraphs and are 
summarized in Table 2.1. 

2.2 LONG-TERM STABILITY 

Isolation and stabilization of tailings in order to prevent misuse by 
man and dispersal by natural forces is the primary objective of the EPA 
standards. Accordingly, long-term stability was emphasized in the develop
ment and promulgation of the standards. This is consistent with the 
guidance provided by ~he legislative history of the UMTRCA, which stresses 
the importance of avoiding remedial actions that would be effective only 
for a short period of time and that would require future Congressional 
consideration. 

The EPA standard-setting process di sti ngui shed 11 passi ve control s 11 

(such as thick earthen covers, below-ground disposal, rock covers, and 
massive earth and rock dikes) from 11 active controls 11 (such as semi-·' 
permanent covers, fences, warning signs, and restrictions on land use). 
Active cover controls could be expected to need frequent replacement or 
other major repairs requiring the appropriation and expenditure of public 
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PART 192 - HEALTH AND ENVIRONMENTAL PROTECTION STANDARDS FOR URANIUM MILL TAILINGS 

SUBPART A - Standards for the Control of Residual Radioactive Materials from Inactive Processing Sites 

192.02 Standards 

Control shall be designed to: 

(a) Be effective for up to one thousand years, to the extent reasonably achievable, and, in 
any case, for at least 200 years, and, 

(b) Provide reasonable assurance that releases of radon-222 from residual radioactive 
material to the atmosphere will not: 

(1) Exceed an average release rate of 20 picocuries per square meter per second, or 
(2) Increase the annual average concentration of radon-222 in air at or above any_ 

location outside the disposal site by more than one-half picocurie per liter. 

SUBPART B Standards for Cleanup of Land and Buildings Contaminated with Residual Radioactive Materials 
from Inactive Uranium Processing Sites 

192.12 Standards 

Remedial actions shall be conducted so as to provide reasonable assurance that, as a result 
of residual radioactive materials from any designated processing site: 

(a) The concentration of radi um-226 in 1 and averaged over any area of 1oo:iquare meters 
shall not exceed the background level by more than -

(1) 5 pCi/g, averaged over the first 15 em of soil below the surface, and 
(2) 15 pCi/g, averaged over 15 em thick layers of soil more than 15 em below the 

surf ace. 

(b) In any occupied or habitable building -

(1) The objective of remedial action shall be, and reasonable effort shall be made to 
achieve, an annual average (or equivalent) radon decay proa~ct concentration 
(including background) not to exceed 0.02 WL. In any case, the radon decay product 
concentration (including background) shall not exceed 0.03 WL, and 

(2) The level of gamma radiation shall not exceed the background level by more than 20 
microroentgens per hour. 

SUBPART C - Implementation (condensed) 

192.20 

192.21 

192.22 

Guidance for Implementation 

Remedial action will be performed with the •concurrence of the Nuclear Regulatory Conmission 
and the full participation of any state that pays part of the cost" and in consultation as 
appropriate with other government agencies. 

Criteria for Applying Supplemental Standards 

The implementing agencies may apply standards in lieu of the standards of Subparts .II or B if 
certain circumstances exist, as defined in 192.21. 

Supplemental Standards 

"Federal agencies implementing Subparts A and 8 may in lieu thereof proceed pursuant to this 
section with respect to generic or individual situations meeting the eligi:Jility requirements 
of 192.21." 

(a) • ••• the implementing agencies shall select and perform remedial actions- that come as 
close to meeting the otherwise applicable standards as is reasonabJe under the 
circumstances." 

(b) • ••• remedial actions shall, in addition to satisfying the standards of Subparts A and 
B, reduce other residual radioactivity to levels that are as low as is reasonably 
achievable." 

(C) "The implementing agencies may make general determinations concerning remedial actions 
under this Section that will apply to all locations with specified characteristics, or
they may make a determination for a specific location. When remedial actions are 
·proposed under this Section for a specific location, the Oepartment of Energy shall 
inform any private owners and occupants of the affected location and solicit their 
comments. The Department of Energy shall provide any such comments to the other 
implementing agencies (and] shall also periodically inform the Environmental ?rotection 
Agency of both gener_al and individual determinations under the provisions of this 
section." 

Ref: Federal Register, Volume 48, No. 3, January 5, 1ge3, 40 CFR Part 192. 

TABLE 2.1 

EPA STANDARDS 
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funds. In setting the standards, the EPA called for designs that rely 
primarily on passive controls. 

; 'f, 

The standard is framed as a longevity requirement that recognizes the 
difficulty in predicting long-term performance with a high degree of 
confidence. In establishing the longevity requirement, the EPA concluded 
that existing knowledge permits the design of control systems that have a 
good expectation of lasting at least 1000 years. Therefore, a design 
objective of 1000 years was established to be satisfied whenever reasonably 
a chi evab 1 e, but in any case, with a mini mum performance period of 200 
years. 

The standard recognizes the need for institutional controls (e.g., 
custodial maintenance, monitoring, and contingency response measures). In 
its preamble to the standards, the EPA calls for such controls to be pro
vided as an essential backup to the primary passive controls. 

2.3 RADON EMISSIONS CONTROL 

The EPA identified a reduction of radon emissions from tailings piles 
as the second objective in its standards for the control of tailings. In 
developing the standards, the EPA considered several alternative approache~· 
and selected an emission limitation as the primary form of the standard. 
Radon-222 emissions from the remediated tailings piles will be less than 20 
pCi/m2s (40 CFR 61 and 40 CFR 192.02(b) (1)). In addition, a concentration': 
limit was established by the EPA as an alternative form of the standards 
for use in cases where the DOE determined that the alternative was 
appropriate. 

In establishing the emission limitation for tailings piles, the EPA~ 
sought to reduce both the maximum risk to individuals living near the sites: 
and the risk to the population as a whole. The radon standard will limit 
the increase in radon concentration attri butab 1 e to a pile to a small 
increase above the background radon level near the disposal site. Both 
radon standards are design standards with compliance to be determined on 
the basis of predicted rather than measured emission rates and concen
trations. The EPA states that 11 post-remediation monitoring will not be 
required to show compliance, but may serve a useful role in determining 
whether the anticipated performance of the control system is achieved ... 

In establishing the radon standard, the EPA determined that the 
emission limitation could be achieved by well-designed thick earthen 
covers, and that such control techniques waul d be compati b 1 e with the 
requirements of the EPA longevity standard. 

2.4 WATER RESOURCES PROTECTION 

The proposed EPA groundwater standards require characterization of the 
hydrogeologic regime at inactive uranium mill tailings and processing sites 
such as the Monument Valley and Mexican Hat sites ( 40 CFR 192). These 
regulations state that 11 judgments on the possible need for remedial or 
protective actions for groundwater aquifers should be guided by relevant 
considerations described in the EPA's hazardous waste management system (47 
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FR 32274). 11 The EPA standards (40 CFR 192) were published on January 5, ~ 
1983, and became effective on March 7, 1983. However, on September 3, • 
1985, the U.S. Tenth Circuit Court of Appeals remanded the groundwater 
standards, 40 CFR 192.2(a)(2)-(3). The EPA issued proposed groundwater 
standards on September 24, 1987. 

Under the UMTRCA, the DOE must comply with the proposed standards 
until final standards are promulgated. The design for the codisposal of 
the Monument Valley and Mexican Hat contaminated materials at the Mexican 
Hat disposal site has been formulated to comply with the requirements of 
the proposed standards. Codisposal at the Mexican Hat disposal site would 
not preclude subsequent design enhancements at the disposal site, if 
needed, to achieve compliance and would not limit the selection of 
reasonable groundwater restoration methods that may be necessary when final 
standards are promulgated. 

When the final EPA standards are promulgated, the DOE \'iill reevaluate 
its groundwater protection plan for the Mexican Hat disposal site and 
undertake such action necessary to ensure that the final standards are met. 
The need for and extent of aquifer restoration at both the Mexican Hat and 
Monument Valley sites will be evaluated in a separate National 
Environmental Policy Act (NEPA) decision-making process. 

2.5 CLEANUP OF LANDS AND BUILDINGS 

. .,. 

The EPA evaluated the risk associated with the dispersal of tailings 
off the site and concluded that the principal risk to man was the exposure 
to radon daughter products inside buildings. The EPA therefore stated that 
the objective of tailings cleanup from around existing structures was to 
a chi eve an indoor radon d~ughter concentration (ROC) of 1 ess than 0. 02 
working 1 eve 1 (WL) • For open 1 ands, the purpose of removing the con
tamination is to remove the potential for excessive indoor RDCs that might 
arise from new construction on contaminated land. 

• ·-
A standard of 5 picocuries per gram {pCi/g) and 15 pCi/g radium-226 

(Ra-226) concentration 11mits for 15-centimeter (em) surface and subsurface 
1 ayers, respectively, were considered adequate to 1 imit indoor RDCs to 
below 0.02 WL. Likewise, concentration limits for 15-cm surface .and 
subsurface layers are 5 pCi/g and 15 pCi/g for Th-232. A secondary concern 
was to limit human exposure to gamma radiation. 

The standard requires that RRM be removed from buildings exceeding 
0.03 WL. In cases .where levels are between 0.02 and 0.03 WL, the Federal 
government wi 11 have the fl exi bi 1 i ty to use measures such as sea 1 ants, 
filtration devices, or venti 1 ati on devices to reduce concentrations to 
below 0.02 WL. 
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3.0 SITE CHARACTERIZATION SUMMARY 
.'n. • 

This section summarizes the preconstruction conditions of the Mexican Hat 
and Monument Valley sites, with emphasis given to radiation, geology, and 
groundwater due to their importance in the remedial action design. The detailed 
characterizations of the Mexican Hat disposal site and Monument Valley tailings 
site are found in Appendix D, Site Characterization. 

3.1 SITE DESCRIPTIONS 

Monument Valley site 

The Monument Valley tailings site is on the Navajo Reservation in 
Arizona, 17 road miles south of the Mexican Hat disposal site (Figure 3.1). 
The tailings are on the west side of Cane Valley at an elevation of 
approximately 4900 feet above mean sea level. The climate is arid, with an 
average annual precipitation of six inches. Vegetation along the sides of 
Cane Valley is sparse, consisting of plant species adapted to the dry . 
environment. Vegetation in the va 11 ey bottom is somewhat more 1 ush, 
especially along the ephemeral Cane Valley Wash where small springs and 
seeps are scattered. 

The mill at the Monument Valley site was operated from 1955 to 1968 by··~ 
Vanadi urn Corporation of America -and its successor, Foote Mi nera 1 Company • 
A 11 of the mi 11 bui 1 dings and most of the mi 11 i ng equipment have been 
removed from the site. The two tailings piles, the concrete building 
foundations, and debris remain at the site (Figure 3.2). The two -· 
irregularly shaped tailings piles occupy approximately 28 acres in the ~ 
center of the 100-acre designated site and contain 1,030,000 cy of :.' 
tailings. The total amount of contaminated materials, including the 
tailings, soils beneath and around the tai 1 i ngs, .and other contaminated 
materials, is estimated to be 1,100,000 cy. 

Four Navajo residences are located within 0.25 mile of the·tailings 
piles. 

Mexica~ Hat site 

The Mexican Hat site is approximately eight miles north of the Utah
Arizona state line and two road miles southwest of Mexican Hat, Utah. It 
lies within the Navajo Reservation (Figure 3.1). The area is situated in 
an arid region with desert terrain. Major topographic features of the area 
include the San Juan River to the north and Alhambra Rock to the west. The 
land is mainly used for livestock grazing and residences. 

The 235-acre designated site (Figure 3.3) consisted of two tailings 
pi 1 es covering 69 acres. Severa 1 of the ori gina l mill buildings and -
structures and concrete pads for the former mill building and trade school 
building remained in place until they were demolished by the DOE during 
Phase I remedial action in 1987. A former mill building was decontaminated-
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and is used as the Halchita Health Clinic. An elementary school and the 
housing area are approximately 0.3 and 0.6 mile southwest of the former 
mill site, respectively. 

The mill was constructed and operated from 1957 to 1963 by Texas-Zinc 
Minerals Corporation. The plant was then sold to Atlas Corporation and 
operated until 1965. During operation, approximately 2.2 million tons of 
ore were processed to produce 5700 tons of uranium oxide (U308 ) concentrate. 

Phase I remedial action was completed in 1987. It consisted primarily 
of demolishing the remaining mill buildings (except the sheet metal shop), 
constructing a vehicle decontamination pad and retention basins, and 
fencing the site. 

Partial Phase II remedial action was completed in 1990. It included 
the placement of demolition debris in the disposal cell (the lower tailings 
pile), removal and disposal of upper tailings and windblown and waterborne 
materials in the disposal cell, and incorporation of permanent drainage 
features . 

. 3.2 RADIATION 

This section summarizes the characterization of radioactive materials 
at the Monument Valley and Mexican Hat uranium mill tailings sites. The 
details of the characterization i nvesti gati ons and of the ca 1 cul ati ons 
leading to the summary values for the Mexican Hat disposal site are 
contained in Appendix D, Site Characterization • 

Radiological data from the vicinity of the sites have been collected 
in numerous investigations since 1961. The radiological data summarized 
here describe background radiological conditions, increases of radiation 
above background due to the tailings, the extent and degree of the con
tamination on the site and in its vicinity, and the volume and average 
radioactivity of the contaminated materials. 

3.2.1 Background radiation--Monument Valley and Mexican Hat sites 

Background radi oacti vi ty data pro vi de a reference to which 
levels of contamination can be compared in assessing the extent of 
contaminated areas requiring cleanup and the magnitude of radioac
tive releases from the site. Radioactive elements occur naturally 
throughout the earth•s air, water, and soil. The concentration of 
these elements varies greatly throughout the United States. Back
ground soil radioactivity averaged 1.0 pCi/g at the Monument Valley 
site a~d 1.1 pCi/g at the Mexican Hat site for Ra-226. 

"The average background gamma radiation exposure rate from both 
terrestrial and cosmic sources measured at three feet above the 
ground is 11 mi croroentgens per hour (mi croR/hr) at both the 
Monument Valley and Mexican Hat sites. Quarterly average 
measurements for background radon-222 (Rn-222) were made at various 
locations around both sites for an entire year using integrating 
film-type radon detectors. The annual average background Rn-222 
concentrations at the Monument Valley and Mexican Hat sites were 
0.37 and 0.61 picocuries per liter (pCi/1), respectively. 
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3.2.2 Preconstruction conditions 

The radioactive materials at the Monument Valley and Mexican 
Hat sites cause the ambient radiation to be above natural back
ground. Measurements of on-site gamma exposure rates, airborne 
particulates, and radon concentrations in air are summarized below. 
These are important in estimating the radiological hazard produced 
by the site. 

Monument Valley site 

o The Ra-226 contamination at the Monument Valley site is of 
relatively low activity (50 to 60 pCi/g) but is spread 
extensively across the entire area. Due- to the low 
activity, it is estimated that only 218 curies per year 
(Ci/yr) of radon are released from all contaminated 
materials on the site. 

o Most of the contaminated materials are very coarse, ranging 
in size from about a millimeter in diameter to small rocks. 
This is a result of the upgrading process used, in which the 
fines were extracted and transported off the site for 
further processing. Thus, there is very little windblown 
contamination. Although the material is coarse, airborne 

. \ 

• 

particulate measurements on and near the tailings showed • 
thorium-230 (Th-230) levels up to 56 percent of the levels 
allowed for continuous exposure by the public (4 E-14 mCi/mL 
of soluble thorium) (DOE Order 5400.5). 

o The on-site radon concentration was estimated from six radon 
monitoring locations around the site perimeter. The annual 
average concentration at these six locations was 1.6 pCi/1. 

Mexican Hat site 

o Off-site gamma exposure rate measurements indi~ate exposure 
rates elevated above background as much as 2500 feet down
wind (east-northeast). 

o Contamination has been transported by site runoff down many 
of the deep arroyos leading off the site. Radionuclides 
were also dumped into a lateral arroyo during processing. 

o Airborne particulates were measured on and near the tai 1 i ngs 
piles. The maximum permissible concentrations (MPC) for 
unrestricted releases were not exceeded for Th-230. The 
11-day averages reached 17 percent of the MPC for Th-230. 

o The on-site radon concentration was estimated from four 
monitoring locations around the site perimeter. The annual • 

- average concentration for the four locations was 7.8 pCi/1. 
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3.2.3 Contaminant distribution 

Monument Valley site 

The contaminated areas of the Monument Va 11 ey site and its 
vicinity are shown in the excavation plan in calculation No. 19-332-
01-00, pages 26-27, "Site Excavation and Average Contamination," in 

··Appendix B (Volume II). The origin and extent of the contamination 
are summarized below. 

The uranium mill tailings at the Monument Valley site are in 
six distinct areas, with other substantially smaller volumes 
scattered around the periphery. The largest volume (about 769,000 
cy) is in and beneath the lower pile and pond area. The lower pile 
is a cone ~bout 1000 feet in diameter and. about 60 feet high. An 
additional 259,000 cy are in and beneath the upper pile and heap 
leach pads. The material beneath the tailings in the lower pile and 
leached ore in the heap leach pads is contaminated. However, the 
contamination extends only about a foot deeper than the physical 
interface between the tailings and the ground. 

The processing of the original material (fines separation) was _ 
performed on the ridge 1 eadi ng from the Monument No. 2 Mine, 
immediately west of the heap leach pad. The coarse sand fraction 
was stored at the site of the heap leach pads. The ore storage and 
mill yard area was built up from the original topography with pit 
run rock, and is referred to as Area E in subsequent discussions . 

In October 1964, equipment was installed for batch leaching of 
the sand fraction. The area of the installation (Area C) was built 
up and leveled using pit run rock and is located between the upper_ 
pile and the lower pile. As a result, approximately 23,700 and 
14,000 cy of Areas E and C, respectively, are mildly contaminated. 
The batch leach operation processed the coarse sand fraction from 
the area of the heap leach pads. The resulting tailings were used 
to form what now is the lower pile. A small remnant of the original 
old pile of coarse fraction material comprises Area D. In addition, 
remnants of· the coarse fraction material lie along the eastern edge 
of Area E over the steep drop-off to the heap leach pads. After 
processing virtually all of the coarse fraction in the batch leach 
plants, the depression beneath the old pile was filled with very 
coarse low grade ore. This material was heap leached in place and 
has remained undisturbed. 

A small area northeast of the heap leach pads and immediately 
north of the batch leach area is also contaminated with what appears 
to be windblown tailings. However, the windblown area north of the 
lower pile extends only several hundred feet. This indicates that 
the materials northeast of the heap leach pads are remnant tailings 
left over from the batch leach operation, and not windblown. 

Other areas near the site have small amounts of contamination. 
About 20 sites north of the former ore storage and mill yard area 
contain piles (10-foot radius and one foot deep) of rubble that are 
slightly contaminated. These appear to be assoc-iated with housing 
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(temporary structures) for the mine and mill workers. In addition, 
roads were constructed for the mine and mill operations throughout 
the prpcessing site area and from the mine site on the ridge to the 
west. The roads were built with a brown siltstone overlying a gray
green mudstone that appears to have been taken from the Monument 
No. 2 mine. The mudstone averages about 50 pCi/g of Ra-226. Pit 
run rock from the mine was also used for fill where the roads cross 
the many arroyos around the site. 

Table 3.1 summarizes the volumes and Ra-226 concentrations of 
all major areas on the site. The total volume of contaminated 
material is about 1,083,000 cy {Appendix B, Calculation 19-332-01-
00}. 

Table 3.1 Summary of· volumes and radium concentration of contaminated 
materials at the Monument Valley site 

Area description 
Lower pile 

Contaminated 
volume 

(cy) 

Average Ra-226 
concentration 

{pCi/g} 

~ Evaporation pond 
759,964 

9,000 
258,936 

46.7 
219.6 
51.2 Heap leach pads {upper pile) 

Area E (ore storage) and 
miscellaneous area 32,922 

14,036 
1,406 
4,129 
3.000 

66.0 
38.3 
40.0 
67.8 
37.3 
49.74 

Area C (batch leach yard) 
Area D {old pile remnant) 
Rubble piles 
Roads 

Total 1,083,393 

avolume-weighted average. 

Mexican Hat site 

The site is in a wash area that drains toward the north into 
the San Juan River, approximately 250 feet lower in elevation. To 
the south and east, the site is bounded by a near-vertical ridge 
about 100 feet high. The site is cut by numerous dry washes that 
are 20 to 40 feet deep and up to 100 feet wide. Before the start of 
Phase II construction, the uranium mill tailings at the Mexican Hat 
site were in two discrete piles. The lower of the two tailings 
ponds was constructed by damming one of these washes. As the 
tailings filled in, the dam height was increased using tailings as 
the embankment material. 
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The upper and lower tailings piles were uncovered and averaged 
Ra-226 contents of 624 and 763 pCi/g, respectively. It was origi
nally estimated that the upper pile contained 883,010 cy and the 
lower pile contained 1,623,000 cy of tailings. The average depths 
of these two piles were 21.5 feet (upper pile) and 23.6 feet (lower 
pile). Maximum depth of the upper pile was 39.8 feet and of the 
lower pile, 56.1 feet. There was a total of 597 Ci in the upper 
pile and 1421 Ci in the lower pile. 

The materia 1 beneath the ta i1 i ngs piles consists of a thin 
layer of about 1.5 feet of original soil material underlain by 
Halgaito Formation bedrock. This entire soil layer is contaminated 
above the EPA standards of 15 pCi/g Ra-226. The average depths from 
the physical interface to the 15 pCi/g interface (bedrock) were 1.8 
and 1.6 feet for the upper and lower piles, respectively. 

Other sources of contaminated material on the site include the 
mill yard, ore storage area, a backfilled trench leading off the 
site to the north, and areas of windblown and waterborne contamina
tion. All of these represent less than 10 percent of the volume of 
the tailings piles themselves. Table 3.2 summarizes the volumes and 
Ra-226 concentrations of all major areas on the site. The estimated· 
volume of contaminated materials at the Mexican Hat site is 
2,772,500 cy. The values in Table 3.2 were obtained from Calcula
tions 9-226-03-00, 9-226-02-01, 9-239-05-02, Appendix A, Volume II.·· 

A single exposure rate measurement was obtained from the center 
of the Health Clinic-Building 8. The reading was near background 
levels of 13 microR/hr. All other buildings have been demolished 
except the sheet metal shop, which will be decontaminated and left 
intact. 

Table 3.2 Summary of volumes and radium concentration of contaminated 
materials at the Mexican Hat site· 

Area description 
Upper pile 
Lower pile 
Windblown/waterborne 

Total 

4Volume-weighted average . 
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volume 

(cy) 
883,000 

-1,623,000 
266,500 

2,772,500 

Average Ra-226 
concentration 

(pCi/g) 
624 
763 

59 
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3.3 GEOLOGY, GEOMORPHOLOGY, AND SEISMICITY 

3.3.1 Introduction 

Detailed investigations of geologic, geomorphic, and seismic 
conditions at the Monument Valley and Mexican Hat sites were 
conducted by the DOE. The purpose of the i nvesti gati ons was to 
obtain site characterization data and identify potential geologic 
hazards that could affect 1 ong-term site stability. Subsequent 
engineering studies such as the analyses of hydrologic and 
liquefaction hazards relied on tHe data obtained in these 
i nvesti gati ons. The findings of these i nvesti gati ons for the 
Mexican Hat disposal site are discussed in detail in Section D.4 of 
Appendix D, Site Characterization. 

The scope of work performed included the following: 

o Compilation and analysis of previous geologic literature and 
maps. 

o Review of historical seismic data. 

o Review of site-specific geologic data, including logs of 
exploratory boreholes advanced in the site area. 

o Photogeologic interpretation of existing LANDSAT and 
conventional aerial photographs. 

·o Low-sun-angle aerial reconnaissance of the site region. 

o Ground reconnaissanc~ and mapping. 

3.3.2 Geologic setting 

Monument Valley site 

The Monument Valley site is located in the northern part of the 
Navajo section of the Colorado Plateau physiographic province (Hunt, 
1967·) (Figure 3.4). This area is actually the eroded crest of a 
large north-south-trending anticline, the Monument Uplift (also 
referred to as the Monument Upwarp). Over most of the region 
surrounding Monument Valley, relatively resistant Mesozoic rocks are 
exposed at the surface. However, within Monument Valley, erosion 
has breached these resistant units and carved the underlying less
resistant Permian units into a wide array of mesas, buttes, spires, 
and pinnacles (Stokes, 1973). Many of these monuments seem to have 
been preserved because underlying rocks have been protected from 
erosion by a resistant caprock, formed by the Triassic Shinarump 
Conglomerate Member of the Chinle Formation. The Shinarump is the 
major source of the uranium-vanadium deposits in the site region, 
and is also the major unit underlying the existing tailings piles . 
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Bedrock in the site region consists predominantly of marine to 
continental sediments ranging in age from Late Paleozoic to Jurassic • 
(Haynes and Hackman, 1978; Hackman and Wyant, 1973; Haynes et al.; 
1972; O'Sullivan and Beikman, 1963; Witkind and Thaden, 1963; 
Witkind, 1956} (Figure 3.5). Minor intrusives of Tertiary to 
Quaternary age are also present. Evaporite deposits are not known 
to occur in significant amounts in the strata underlying the site. 
The bedrock units are overlain by unconsolidated materials of 
Quaternary age, chiefly eolian and alluvial in origin. 

In 1951 and 1952, the U.S. Geological Survey carried out a 
program of geologic mapping and uranium investigations in Apache and 
Navajo Counties, Arizona. These studies included detailed mapping 
of the area of the Monument No. 2 mine, which also encompasses the 
area of the Monument Valley tailings site. Results of these studies 
were published as bulletins in the U.S. Geological S~rvey (Witkind 
and Thaden, ·1963; Witkind, 1956) and served as the primary source of 
published geologic data for this study. 

A diagram of the position of the tailings relative to bedrock 
and surficial units is shown in Figure 3.6. The tailings are 
distributed in two separate areas, referred to as the upper and 
lower tailings piles for this study (not shown separately on Figure 
3.6). The upper tailings pile is located within a small inter
mittent wash that drains northeastward into Cane Valley Wash. It is 
underlain partly by bedrock and partly by unconsolidated alluvium 
and eolian sand. The exposed bedrock is primarily the Shinarump 
Congl orne rate Membker .of the ~ri assdi c hChi nlde F

1
or:mati on .k. O~t~rops of • 

the Triassic Moen op1 Format1on an t e un er y1ng Hos 1nn1n1 Tongue 
of the Permian Cutler Formation, which underlies the Chinle, are not 
exposed near the piles. However, published maps {Witkind and 
Thaden, 1963; Witkind, 1956) indicate that they may occur at the 
original ground surface beneath the upper tailings pile. The lower 
tailings pile, located just east of the upper pile, lies on 
eastward-dipping beds of the Shinarump and dune sand that overlies 
the Monitor Butte ·Member of the Chinle formation in Cane Valley 
Wash. The sand dune (as encountered in exp 1 oratory boreho 1 es 
advanced on the site) consists of uncemented, fine- to medi urn-
grained sand with occasional lenses of fine gravel. Its thickness 
appears to vary from about 20 to 30 feet along the eastern edge of 
the pile. This material is evidently saturated at shallow depths, 
possibly to within about three meters of the original ground surface 
beneath the new tailings pile. 

·There are no major faults in the site region. Small-scale 
normal and reverse faults, having displacements of only a few inches 
or feet, occur most commonly within the Monitor Butte Member of the 
Chinle Formation, and to a lesser extent in the Moenkopi and 
Summerville Formations. All exposed formations are cut by joints. 
The dominant joint sets range from N25'W to N65'W; from north to 
N15'E; and almost due east. All sets are vertical or nearly 
vertical. 
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Mexican Hat site 

The Mexican Hat site is in southeastern Utah, within the Navajo 
Uplands subdivision of the Colorado Plateau physiographic province 
(Figure 3.4). A portion of the area of investigation is within the 
adjacent Monument Valley subdivision of the Arizona-Utah region of 
the plateau. The Monument Valley region is characterized by steep
walled mesas, buttes, and spires rising abruptly from a nearly 
featureless, stripped erosional surface. Physiographic features 
prevalent in the Navajo Uplands area include terraced mesas and 
"slickrock" surfaces cut by deep, steep-walled canyons containing 
perennial and ephemeral streams. Extensive portions of the mesas 
are covered with thin sand sheets and dune fields of Quaternary to 
Holocene age. 

Tectonic and erosional processes have exposed strata of Late 
Paleozoic and Early Mesozoic age throughout most of the study area 
(Figure 3.5). Early Paleozoic sedimentary rocks lie at depth 
beneath the site and outcrop to the west in Monument Valley and far 
to the southeast in Canyon de Chelly. South of the Mexican Hat site 
area, in the Black Mesa region, abundant exposures of Cretaceous 
sedimentary strata occur. Pennsylvanian and Permian sedimentary 
strata outcrop at the tailings site. 

Bedrock beneath the Mexican Hat tailings pile consists of the 
Halgaito Shale member of the Permian Cutler Group and the 
Pennsylvanian Hermosa Group (Figure 3.7}. The sedimentary strata 
consist of marine and continental limestones, sandstones, 
siltstones, and shales. Beds are tilted to the east at about six to 
eight degrees. Thin, sporadic eolian sands occur as surface 
deposits in the Mexican Hat site area .. Minor deposits of fluvial 
terrace gravels occur along the San Juan River about 1.9 kilometers 
(km) (1.2 miles) to the north. 

Faulting is rare in the Mexican Hat area. The few mapped 
faults have offsets of a few inches to a few feet, and none are 
known to offset strata of Quaternary age. Thirty-one faults and 
fault trace zones examined within a 65-km radius of the site were 
determined to be non-capable. 

Major structural features of the study region include the. 
Monument Upwarp west of the site~ the Comb Ridge monocline east of 
the site, and numerous associ a ted anticlines and synclines. The 
tailings site is on the western limb of a syncline subordinate to 
the Monument Upwarp. The dominant structural features of the region 
probably formed during the Early Tertiary Period. Minimal tectonic 
activity has occurred since the end of the Eocene Epoch. The latest 
episodes of volcanic activity occurred during the Pliocene Epoch~ 
There is no evidence of any potentia 1 for renewa 1 of vo 1 cani c 
activity in the site area during the 1000-year design life. 
Economic mineral resources are not present in significant quantities 
in the site area. Therefore, no impacts on the long-term stability 
of the remedial action are expected to result from the exploitation 
of mineral resources in the area. 
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3. 3. 3 Geomorpho 1 ogy n; · 
. ' ~ . . 

Monument Valley site 

Wind erosion has scattered moderate amounts of fine-grained 
tailings around the area of the upper tailings pile and mill site, 
and along the north and east sides of the lower tailings pile. 

Fluvial erosion of the upper tailings pile is occurring within 
a deeply incised channel passing through the pile and exiting to the 
northeast. Removal of the tailings during remedial action will 
eliminate further erosion hazards from this channel. Lateral 
channel migration and headward gully erosion within Cane Valley Wash 
so~th and east of the lower tailings pile present potential erosion 
hazards to that pile. Channel migration could shift the bed of Cane 
Valley Wash to a position adjacent to the tailings pile base, with 
a stream bed depth of up to 12 feet lower than the current elevation 
of the tailings pile edge. As with the upper pile, removal of the 
tailings during remedial action will eliminate further erosion 
hazards to the existing lower pile. 

Mexican Hat site 

Wind erosion and ephemeral stream channel erosion present the ' 
greatest geomorphic hazards to the Mexican Hat tailings site. The· 
prevailing westward winds have removed fine-grained tailings from 
the existing pile. A fluvial erosion hazard is p~esent from the two · 
ephemera 1 stream channe 1 s near the north and east edges of the 
tailings pile. Lateral and headward erosion are possible in each of . 
these channels. No hazards appear to be present from slope 
instability conditions or subsidence. 

3.3.4 Seismicity 

Monument Valley site 

·The Monument Va 11 ey s.ite is in the centra 1 portion of the 
Colorado Plateau, a stable intracontinental subplate characterized 
by a thick cover of relatively flat-lying sedimentary rock of,. 
Phanerozoic age overlying a complex Precambrian igneous and 
metamorphic core (Figure 3.8). The central, stable portion of the 
plateau exhibits characteristics of cratonic areas, while the 
margins of the subplate exhibit crustal structure similar to more 
.highly active bordering provinces. The plateau is bordered on the 
east, south, and west by the extensional, block-faulted regime of 
the Rio Grande Rift and Basin and Range Provinces. Si nee Late 
Tertiary time, the plateau has been experiencing gradual uplift at 
an average rate of about two millimeters per year (Gable and Hatton, 
1980). This uplift is regional in character and produces relatively 
little internal deformation. 
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A map of historical and instrumental seismicity of the 
"·southwestern· United. States ·is··shown in Figure 3.9. The site is 

within a region ,that has been characterized by widely separated, low 
magnitude seismic events during historical times. Geologic evidence 
for Quaternary fault activity within the Colorado Plateau is rare. 

The potential for on-site fault rupture at the Monument Valley 
site is statistically nonexistent, based on the geologic investi
gations conducted for this study. There is virtually no hazard at 
the site from reservoir-induced seismicity or seismically induced 
landslides. No evidence exists of any potential for volcanic 
activity in the site area. 

Mexican Hat site 

The 200-km radius seismotectonic study area around the Mexican 
Hat site includes portions of the Colorado Plateau; Basin and Range; 
Rio Grande Rift; and Intermountain Seismic Zone sei smotectoni c 
provinces (Figure 3.10). The Colorado Plateau contains the Mexican 
Hat site and is the least tectonically active of the provinces. The 
largest historical earthquake in the Colorado Plateau occurred north 
of Flagstaff, Arizona, in 1912, and had a recorded magnitude of 5.5 
to 5.75 on the Richter scale. The vast majority of Colorado Plateau 
interior events are mi crosei smi c. Outside of the San Francisco 
vo 1 cani c fie 1 d, east of Flagstaff, neotectonic fault evidence is , 
lacking or scanty. No. historical earthquakes with recorded · 
epicenters are reported within a 65-km radius of the Mexican Hat -
site. No capable faults have been identified within this same area. 

A floating earthquake of magnitude 6.2 is considered to be the 
design earthquake for the Mexican Hat site. This event, as defined, 
could occur anywhere within the Colorado Plateau physiographic and 
seismotectonic province. 

The UMTRA Project seismic evaluations assume that the floating 
earthquake will occur at a radial distance of 15 km from the site. 
It is estimated that such an event would produce an on-site, 
freefield, peak horizontal acceleration of 0.21 g. Existing 
no·rth-to-northwest-trendi ng faults 1 ocated 200 to 300 km west of the 
site could host future earthquakes. These faults lie along the 
eastern edge of the historically active Intermountain Seismic Zone 
of southern Utah. The current northeast-southwest extension a 1 
regime appears to control regional seismic focus orientations of 
these fault systems. Activity on these faults would result in site 
acce 1 erati ons 1 ess than that produced by the floating earthquake. ·. 

The potential for on-site fault rupture at the Mexican Hat site 
is statistically nonexistent based on the geologic investigations 
conducted for the study. There is virtually no hazard at the site 
from reservoir-induced sei smi city or sei smi ca lly induced 1 andsl ides • 
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3.4 GEOTECHNICAL 

3.4.1 Subsurface investigations 

Monument Valley site 

The site and nearby surrounding soils were characterized by 
drilling 49 boreholes and excavating 31 test pits (Appendix B, 
Information for Bidders, Volume III). Of the 49 boreholes, seven 
were completed for geotechnical soil data gathering in the natural 
soils, 18 holes were logged through soil and rock without gathering 
geotechnical soil data, six holes were logged solely through rock, 
and 18 holes were logged through tailings and into the underlying 
soils. -

- Six of the seven geotechnical boreholes (601 th~ough 606) are 
east of the lower tailings pile. The seventh hole (607) is north of 
the upper tailings pile area. Continuous standard penetration tests 
(SPT) were conducted on each hole for the first eight feet. The 
holes were then drilled, without sampling, to a depth of 10 feet. 
SPTs were typically resumed at 10 to 14 feet, after which drilling 
without sampling was used to drill to the total depth of the hole. 
In borings 604 through 607, SPTs were also conducted over sporadic. 
intervals at depths greater than 20 feet. No undisturbed samples 
were collected from these borings. All seven of the geotechnical 
boreholes were completed by the DOE. 

All 18 holes that were logged through natural soil and rock, 
without gathering geotechnical data, were drilled by the DOE as part 
of the groundwater investigation. All except three of these holes 
are north o"f the lower pile area. The three exceptions are borings 
651, 654, and 658. These holes are northeast, east, and southeast 
of the lower pile, respectively. These holes give complete geologic 
descriptions of the soi 1 s encountered, in addition to detai 1 ed 
descriptions of the bedrock at each location. 

The six holes drilled and logged into bedrock were not logged 
through soil. These holes were all drilled by the DOE as part of 
the. groundwater investigation of the area. The holes are to .the 
west, south, and east of the lower pile. These logs start at the 
bedrock-sci 1 interface, and are therefore helpful only as data 
pertaining to the depth of the foundation soils. 

Bendix (BFEC, 1985) drilled and logged holes through the new 
tailings pile to characterize the tailings and to determine the 
depth of contamination. 

All 31 of the test pits were excavated by the DOE. Of these 31 
test pits, six were excavated in tailings, one in the evaporation 
pond area, and 24 in areas that had been, but were no longer being, 
considered for borrow material. Five of the six test pits excavated 

• 

• 

in tailings were excavated in a grid pattern on the lower tailings • 
pile. Test pits MON01-062 through MON01-065 were along the upper 
portion of the sloping, cone-shaped pile, while MON01-066 was at the 
eastern edge of the pile. Test pit MON01-061 was in the center of 
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the heap 1 each :'pi 1 e. The ·test pits excavated in the interior 
portion of the pile ranged from nine to 12 feet deep, whi 1 e the 
perimeter test pit (MON01-062) encountered natura 1 soi 1 at five 
feet. Test pit MON01-061, on the heap leach pile, was excavated to 
15 feet without reaching natural soil. 

The single test pit in the evaporation pond area is MON01-067. 
This test pit was excavated to seven feet and encountered natural 
soil at approximately three feet. 

Mexican Hat site 

To characterize subsurface materials in and near the Mexican 
Hat site, 192 borings and five test pits were completed. Of the 
total, 157 borings.and five test pits were completed on the tailings 
pile. The borings were done at various times by the DOE; Ford, 
Bacon & Davis Utah Inc. (FBDU); Mountain States Research and 
Development (MSRD); and the University of Colorado (UC). Details of 
these investigations are presented in the following sections. 

Locations of the DOE piezocone soundings, boreholes, coreholes,. 
and test pits are shown in Figures 3.11 and 3.12. A summary of the: 
boring, piezocone sounding, and test pit numbers and depths is pre
sented, as well as the respective logs, in Appendix 0, Sit~ Charac-. 
terization. Locations of 1979 UC borings are shown in Figure 3.13.; 
Locations of the MSRD/Colorado State University (CSU) borings and 
the MSRD piezometer locations are shown in Figure 3.14. A summary. 
of the boring numbers and depths for both the MSRD and MSRD/CSU~ 
boreholes, as well as copies of the boring logs and well completion:~ 
records, are in Appendix-D, Addendum D4. -

Earlier subsurface investigations at the Mexican Hat site 

Prior to March 1976, FBDU, in conjunction with Oak Ridge 
Nation a 1 Laboratory (ORNL), advanced 19 borings on or near the 
tailings pile at Mexican Hat (FBDU, 1977). These borings were done 
primarily to characterize the radiological properties of the tail
ings. Geotechnical logs of these borings, if they exist, are not 
available. 

In March 1979, UC, under a grant from the DOE/EPA, bored three 
shallow unlogged. holes by hand at Mexican Hat in a preliminary 
investigation of the geotechnical properties of a number of uranium 
mill tailings sites in the United States (Heuze and Dessenberger, 
1979). 

In late 1981, MSRD initiated a drilling program that was com
pleted in early 1982 (MSRD, 1982). This drilling program included 
about 125 borings. The soils in these borings were visually classi
fied and logged as well as continuously sampled using both split 
barrel and Shelby tube-type samplers. Two of the borings were com
pleted as monitoring wells. The main purpose of this program was to 
obtain assay samples to determine the economic feasibility of 
processing the tailings. Little or no geotechnical data, beyond the 
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logs themselves, were obtained. A minor aspect of this program was 
to obtain samples for geotechnical testing by CSU; however, these 
samples were never used in a testing program. 

Other subsurface geotechnical investigations at the Mexican Hat site 

Forty piezocone soundings were completed on a 200-foot-square 
grid over the tailings pile area in order to aid in the placement of 
borings in the tailings, to determine which intervals should be 
sampled during drilling operations, and to characterize the tailings 
(Figure 3.11) (Appendix 0, Addendum 06). 

Soil samples were obtained for testing by means of both geo
technical borings and test pits. Fourteen shallow borings and two 
deep. borings were completed in the tailings pile in:-.:.late 1984 and 
early 1985. The shallow holes were advanced usi-ng a six-inch 
hollow-stem auger. The two deep boreholes were augered to bedrock 
and cored be 1 ow the soi 1 /bedrock interface. All boreho 1 es were 
continuously logged in order to note the changes in the visual soil 
or rock classification with depth within the tailings and founda
tion. To aid in this visual classification and provide samples for 
1 aboratory testing, disturbed and undisturbed soil samp 1 es were 
obtained through the use of SPT, the split-barrel or Dames and Moore 
(D&M) sampler, and the Shelby-tube sampler (Appendix D, Addendum 
04). 

~- In addition to the on-pile borings, 16 shallow borings and 11 
deep borings were done in the vicinity of the tailings pile in order 
to characterize the soils and rock in the foundation. The shallow 
borings were advanced with a four-inch hollow-stem auger. The 
borings were 1 ogged and auger cuttings were samp 1 ed. The deep 
borings were augered to bedrock without sampling, then continued 
through the bedrock using rotary coring with continuous core 
sampling and logging. Most of these deeper borings were completed 
as groundwater monitoring wells (Appendix D, Addendum 04). 

Four test pits were dug on the tailings pile a~d one near it 
(in windblown tailings) in order to obtain bulk samples for labora
tory testing. The test pits were dug to depths rangfng from 0.5 to 
7.5 feet using a backhoe, and were sampled and continuously logged 
to note soil changes with depth (Appendix D, Addendum 04). 

3.4.2 Foundation materials 

Monument Valley site 

The soils underlying the Monument Valley site generally consist 
of fine-grained, unconsolidated dune sand with isolated zones of 
fine-grained silty clay and clayey sand alluvium. These materials 

-· • 

• ··-

have been derived from the existing sedimentary sandstone, • 
siltstone, and, to a lesser degree, shale bedrock formations that 
outcrop in the immediate area of the site and within Cane Valley. 
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Sandstone bedrock composed of the Shinarump Member of the Chinle 
Formation outcrops along the west side of Cane Valley and directly 
underlies the former mill site and, portions of the upper, older 
tailings pile. The heap leach pad, which is in a small wash at the 
base of a 20-foot-hi gh Shinarump Sandstone cliff near the upper 
tailings pile, is composed of approximately 14 feet of coarse. 
tailings materials. Under these tailings, the small wash is filled 
with dune sand deposits more than 80 feet deep. The lower tailings 
pile lies entirely atop the loose dune sand, which becomes pro
gressively thicker eastward from the site. Approximately 500 feet 
southeast of the lower tailings pile, boring 603 was drilled 55 feet 
through loose dune sand without encountering bedrock. 

The Cane Valley alluvium is primarily thin to thick layers and 
lenses of sand and sandy silt, with considerably lesser amounts of 
clay and gravel, deposited throughout the axis of Cane Valley and 
along drainages perpendicular to the valley axis. No material 
properties are required for these deposits, as they do not underlie 
any of the areas of importance to this study. 

Mexican Hat site 

The foundation materials underlying the tailings at the Mexican 
Hat site consist of siltstones and sandstones overlain by zero to . 
five feet of soil derived primarily from the bedrock material • 

The soils vary from silty fine sands to slightly sandy gravels.·· 
Most of the borings indicate a soil thickness in the range of zero·: 
to one foot under and near the tailings pile. In the washes, the
soil is generally a gravelly alluvium between three and five feet 
thick. For the purpose of this investigation, the alluvium is· 
assumed to have properties similar to the weaker tailings that 
directly overlie the alluvial soils. 

The bedrock under the site consists of siltstones and sand
stones of the Halgaito Shale Formation of the Cutler group (Permian 
Age). At the Mexican Hat site, this formation is composed chiefly 
of red-brown fine sandy.siltstones that occasionally grade to silty 
fine sandstones. Occasional layers of limestone are greater than 15 
feet thick; however, they are typically less than one foot thick. 
The intact rock is generally soft to hard; however, there are numer-. 
ous zones that have close, nearly horizontal fractures. These frac
tures are often unweathered and unfilled or healed. There are a few 
zones where the wall rock is weathered to produce low-plasticity 
clay zones up to three feet thick. These clayey zones appear to be · 
discontinuous and are found at depths greater than 75 feet below the 
tailings-rock interface. They should not affect the long-term 
stability of the finalized tailings pile. 

A more detailed description of the foundation materials and 
their geotechni ca 1 properties can be found in Appendix D, Site 
Characterization. 
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3.4.3 Tailings 

Monument Valley site 

Materials forming tailings can generally be put into one of 
three categories: sand, sand-slime mixture, and slime. The limits 
of gradation for these materials are defined as zero to 30 percent 
passing the No. 200 sieve to be classified as a sand; 30 to 70 
percent passing to be classified as a sand-slime mixture; and 70 to 
100 percent passing to be classified as a slime. The processing 
practices at the Monument Valley site yielded tailings characterized 
as homogeneous fine- to medium-grained sands with 1 ittl e or no 
slimes fraction. The top three feet of the evaporation pond area 
contain the only slimes at the site, with a medium to coarse brown 
sand fill underlying these slimes to at least seven feet, which was 
the depth of the investigation. No sand-slime mixtures are present 
on the site. Since the tailings piles are composed entirely of sand 
tailings, no detailed cross sections of the piles are presented. 

·Mexican Hat site 

Boring logs and field observation indicate that starter dikes 
or dams were built over and/or extended from naturally formed rock 
dikes using coarse tailings. Mill run tailings were hydraulically 
deposited behind the dikes vi a spigots that were probab 1 y moved 

• 

periodically. Thus, the resulting distribution of tailings in the • 
pile varies greatly with horizontal location and depth. The 
generalized cross sections in Figures 3.12 and 3.15 through 3.17 
were constructed using borehole and piezocone data. Locations of 
these sections are found on Figure 3.11. These indicate that, as 
the tailings embankment filled, the retaining embankments were made 
up of fairly uniform sand tailings. With increasing horizontal 
distance from the embankment, the tailings generally tend to grade 
to slime. However, as is indicated in the individual boring and 
piezocone logs (see Section 0.5 of Appendix D, Tailings Characteris-
tics), this generalization does not hold true in detail. The 
assumed variation in spigot location and the temporal variations in 
the particle size and parent material makeup of the tailings over 
the life of the milling operation resulted in an extremely compli-
cated stratified deposit that may vary from a silty sand to a silt 
to a clay over a relatively small change in depth or lateral loca-
tion. This means that a standard-size sample that may classify as 
sand, sand-slime, or slime in bulk may actually be a complex layered 
soil in situ. This is especially true of the sand-slimes. 

Material types 

Generally, the sands in the Mexican Hat tailings were found to 
be loose to medium-dense, slightly moist to very moist, nonplastic 
silty sands (SM). The sand-slimes can be described as very loose to 
loose, moist to very moist, nonplastic silty sands (SM) or soft to 
medium consistency, moist to wet, nonplastic to low-plasticity sandy 
silts (ML). The slimes are generally best described as moist to 
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saturated, very soft to medium consistency, low to medium plasticity 
clays (CL). They tend to be overconsolidated in the lower pile and 
softer, tending toward normally consolidated in the upper pile. • 
Section D.5 of Appendix D, Site Characterization, provides detailed 
engineering properties of the tailings. 

3.4.4 Borrow sites 

The source for the radon cover material will be the RB-4 and 
RB-7 borrow sites (Figure 3.18); the borrow sites are along the 
bottom of an arroyo on Navajo Nation land approximately five miles 
south of the Mexican Hat site. There are only limited quantities of 
the borrow material, which is a silty sand. 

Two borrow sites have been identified as· potential sources for 
rock cover material between Bluff and Mexican Hat, Utah. Large rock 
for the erosion protection may be taken from the Sugarloaf quarry 
and the smaller rock and bedding may be taken from the Bluff quarry 
(Figure 3.19). The subcontractor may elect to obtain bedding and 
riprap materials from other borrow sources, provided the size and 
quality requirements are met. 

3.5 GROUNDWATER 

Monument Valley site 

A summary of the hydrogeo 1 ogi c characterization at the Monument Va 11 ey • 
site is presented in this section. A detailed hydrogeologic and 
groundwater qua 1 i ty characterization is presented in Appendix D, Site 
Characterization. 

The major hydrostratigraphic units underlying the Monument Valley 
tailings site, in descending order, are alluvium and dune sand, the 
Shinarump Member of the Chinle Formation, the Moenkopi Formation, and the 
DeChelly Sandstone. The alluvium and dune sand are fine-grained, uncon
solidated deposits more than 80 feet thick in the center of Cane Valley. 
The thickness of these deposits decreases toward the valley edges, where it 
is absent. The Shinarump Member outcrops west of the tailings site, dips 
to the east, and underlies the dune sand and alluvium below the lower 
tailings pile. The Shinarump Member consists of lenticular cross-bedded 
units of sandstone, conglomerate, and mudstone, and ranges from 25 to 
90 feet thick in the site vicinity. The Moenkopi Formation underlies the 
Shinarump Member and consists of shaley siltstone and sandstone. The 
Moenkopi Formation is 50 to 60 feet thick in most of the site area; 
however, only about 20 feet of the Moenkopi Formation was encountered 
beneath the upper tailings pile. The DeChelly Sandstone is·a cross-bedded, 
fine-grained sandstone and is approximately 550 feet thick below the site 
(Witkind and Thaden, 1963). 

Groundwater within the alluvial aquifer is unconfined. Depths to 
groundwater range from a few feet near Cane Valley Wash to slightly more 
than 10 feet below the lower tailings pile. This unconfined groundwater is • 
recharged by occasional flows in Cane Valley Wash and to a minor extent by 
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infiltration of precipitation. Alluvial groundwater in the site vicinity 
flows to the north under an average hydraulic gradient of 0.011, and dis
charges as underflow or to seeps in northern Cane Valley. Using the range 
of hydraulic conductivities of 0.3 to 19 feet/day (ft/day) (1.1 x IQ- 4 to 
6.7 x 10-3 centimeters per second, or cm/s) and an assumed effective poros
ity of 0.25, the linear groundwater velocity is five to 300 ft/year. 

Groundwater within the Shinarump Member is confined, probably by the 
mudstones found within this unit. This confined groundwater flows north
ward from recharge areas in the south, under an average hydraulic gradient 
of 0.01, and probably discharges to the alluvium in northern Cane Valley. 
Using the range of hydraulic conductivities of 0.4 to eight ft/day (1.4 x 
IQ-4 to 2.8 x IQ-3 cm/s) and an assumed effective porosity of 0.10, the 
linear groundwater velocity is 15 to 290 ft/year. 

Groundwater within the DeChelly Sandstone is confined by the overlying 
Moenkopi Formation. This confined groundwater flows northward from 
recharge areas in the south, under an average hydraulic gradient of 0.01, 
and discharges to areas north of Cane Valley. Using the range of hydraulic 
conductivities of 0.02 to three ft/day (7.1 x IQ-6 to 1.1 x 10-3 cm/s) and 
an assumed effective porosity of 0.10, the linear groundwater velocity is 
0.8 to 120 ft/year. 

An upward, vertical hydraulic gradient exists between the Shinarump 
Member and the overlying alluvium and dune sand, and between the DeChelly~ 
Sandstone and the overlying units. Wells completed within the DeChelly 
Sandstone flow at the surface in the area of the Monument Valley tailings 
site. 

Background water quality in the alluvium is generally good, with no i 

median or mean observed concentrations exceeding the proposed EPA maximum 
concentration limits (MCL). However, maximum observed background concen
trations of molybdenum have exceeded the MCls. Background groundwater in 
the Shinarump aquifer underlying the Monument Valley site has produced 
concentrations or activities of net gross alpha and molybdenum that 
exceeded MCls prior to 1990. Only radium-226 and -228 activities exceeded 
the MCLin one background monitor well in 1990. Background groundwater in 
the DeChelly Sandstone aquifer has produced concentrations of molybdenum 
that exceeded MCls prior to 1990. However, no MCls were exceeded in the 
background monitor wells sampled in 1990_or in 1991. 

The tailings at th·e Monument Valley site are much mor~ sandy and 
contain fewer slimes than those at Mexican Hat. During the early years of 
operation, this site was used to physically concentrate the slime fraction, 
which contained the majority of the uranium. This fine-grained fraction 
was then shipped to other mills for refining. In later years, low-grade 
ores and the stockpiled sand fraction were heap leached. This resulted in 
contaminated materials that produce an acidic, oxidizing leachate. 
Hazardous constituents in the tailings pore fluids with mean concentrations 
or activities that exceed the proposed EPA MCls are molybdenum, nitrate, 
and radium-226. Concentrations of these hazardous constituents in tailings 
pore fluids at the Monument Valley processing site are slightly less than 
those determined as representative of tailings pore fluid at Mexican Hat. 
No Appendix IX organic hazardous constituents related to uranium milling 
processes were observed above detection levels at the Monument Valley site. 
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Maximum observed concentrations of cadmi urn, chromi urn, molybdenum, 
nitrate, and selenium, and activities of net gross alpha, and radium-226 • 
and -228 have exceeded the proposed EPA MCLs or background levels in the 
alluvium. The presence of these constituents, except cadmium and selenium, 
is related to uranium tailings processing activities. Cadmium and selenium 
did not exceed laboratory method detection limits in tailings pore water. 
There is no statistically significant evidence of groundwater contamination 
above the MCLs from chromium, molybdenum, net gross alpha, radium-226 and 
-228 in downgradient groundwater. However, there is statistical evidence 
that nitrate exceeds the MCLin groundwater from monitor wells 606 and 655. 

Nitrate in the alluvium forms a plume that extends approximately 3000 
feet downgradient (north) of the site. Within the plume, nitrate 
concentrations range from a high of over 1000 mg/1 in the central portion 
to below the MCL on the fringe. Even though the plume has moyed a distance 
downgradient, there has been no substantial plume migration laterally to 
the east. 

In downgradient groundwater from the Shinarump Conglomerate, maximum 
observed concentrations or activities of molybdenum, net gross alpha, and 
rad i um-226 and -228 equa 1 ed or exceeded MCLs. However, there is no 
statistically significant evidence for groundwater contamination above the 
MCLs for these constituents in Shinarump groundwater. 

In the DeChelly Sandstone downgradient groundwater, maximum observed 
concentrations or activities of chromium, molybdenum, net gross alpha, and 
urani urn equa 1 ed or exceeded MCLs. However, there is no stati sti ca lly 
si gni fi can~ evidence of groundwater contamination above the MCLs from • 
chromium, net gross alpha, and uranium in downgradient DeChelly Sandstone 

. groundwater. Median concentrations of molybdenum did exceed the MCL in the 
past in monitor wells 664 and 668 and in former production well 625. 
However, more recent sampling rounds showed molybdenum less than detection 
in monitor well 668 and well 625. 

An upward hydraulic gradient between the DeChelly Sandstone and the 
overlying formations has served to prevent significant downward movement of 
contaminated groundwater from the alluvium. However, during the period of 
milling operations when groundwater was produced from the peChelly, the 
upward hydraulic gradient could have been reversed locally i_~·the areas of 
maximum withdrawal. This temporary downward gradient from t~e alluvium to 
the DeC he 11 y cou 1 d have caused contaminated groundwater to flow to the 
DeChelly, which would account for the elevated molybdenum concentrations in 
some wells in the past. 

Groundwater from the alluvium in the vicinity of the Monument Valley 
tailings site is used as a source of drinking water by residents upgradient 
and far downgradient of the tailings site. Groundwater from the DeChelly 
Sandstone is withdrawn for domestic use from one well (625) northeast of 
the tailings piles. A domestic well survey was conducted in 1992. This 
survey did not 1 ocate residences or domestic we 11 s in the path of the 
alluvial nitrate plume. 
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Mexican Hat site . ' .t~ ... ·: .. •·:' . 

A summary of hydrogeological characterization at the Mexican Hat site 
is presented in this section. A detailed hydrogeologic characterization is 
included in Section 0.7 of Appendix D, Site Characterization. All hydro~ 
geological calculations are included in Appendix F, Groundwater Hydrology 
Calculations. 

The Me xi can Hat d i sposa 1 site is under 1 a in by the Ha 1 ga ito Sha 1 e · 
Formation of the Cutler Group. This formation is composed of a varied 
sequence of interbedded, very fine-grained silty sandstone and siltstone 
beds (o•sullivan, 1965) and ranges from 50 to 180 feet thick in the site 
vidnity. The Halgaito Shale Formation is underlain by the Honaker Trail 
Formation of the Hermosa Group, which consists of more than 300 feet of 
interbedded siltstones, limestones, shales, and sandstones (FBDU, 1981a; 
Wengerd, 1973). ·· 

Perched water and unconfined groundwater related to uranium milling 
operations occur at depths ranging from 35 to 60 feet beneath the Mexican 
Hat tailings in the Halgaito Shale Formation. Water-bearing fracture 
density within the Halgaito Shale Formation decreases with depth, so that 
the lower section of the formation becomes an aquitard that locally 
confines naturally recharged groundwater in the underlying Honaker Trail 
Formation. Recharge to the perched groundwater within the Halgaito Shale 
Formation occurs from tailings seepage and minor amounts of infiltration· 
from precipitation and flows in the arroyos within the vicinity of the·· 
tailings. Perched water and groundwater in the area of saturation within 
the Halgaito Shale Formation may spread laterally along "lower hydraulic 
conductivity layers th·at dip regionally to the east and southeast. The ' 
average hydraulic conductivity of the Halgaito Shale Formation is 0.20 ~ 
ft/day (7 x 10-4 cm/s). 

Naturally occurring groundwater within· the Honaker Trai 1 Formation 
flows under an average hydrau 1 i c gradient of 0. 02 to the north. The 
Honaker Trail Formation is recharged by groundwater underflow and may 
contribute some discharge to springs and seeps in Gypsum Creek or 
discharges as groundwater underflow from the site. The average hydraulic 
conductivity of the Honaker Trail Formation is 0.07 ft/day (2.5 x lQ-5 

cm/s). Assuming an effective porosity of 0.10 to 0.20, the average linear 
groundwater velocity is 0.01 ft/day (3 x 10-3 meter per day, or m/day). 

The perched water in an area of saturation within the Halgaito Shale 
Formation is present primarily as the result of milling activities. 
Consequently, there is little or no native groundwater and, thus, 
background water quality cannot be defined for the Halgaito Shale 
Formation. Water derived from tailings seepage, sampled in monitor wells 
completed within the Halgaito Shale Formation, has a relatively high total 
dissolved solids (TDS) content, with TDS concentrations ranging from 1670 
mg/1 to 6670 mg/1. Maximum concentrations of chromium, molybdenum, 
uranium, and nitrate, and net gross alpha activities, exceed the proposed 
EPA MCLs. After the tailings have been reconfigured into a disposal cell 
and covered with a low permeability radon/infiltration barrier, the 
tailings seepage to the Halgaito Shale Formation will become negligible. 
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Maximum observed concentrations or activities of four hazardous 
constituents equaled or exceeded proposed EPA MCLs in the Honaker Trail 
Formation groundwater. These constituents include chromi urn, net gross 
alpha, radium-226 and -228, and uranium. The lower end of the 98 percent 
confidence interval of the mean for concentrations of these constituents by 
monitor well was compared with the MCL. According to "Statistical Analyses 
of Groundwater Monitoring Data at RCRA Facilities - Interim Fi na 1 Guidance" 
(EPA, 1989), if the lower end of the confidence interval of the mean 
exceeds the MCLs, there is statistical evidence of an exceedance of the 
MCLs. The lower end of the 98 percent confidence interval of the mean 
concentrations of these constituents do not exceed MCLs in the Honaker 
Trail Formation. 

No contamination of the Honaker Trail Formation has occurred from the 
Mexican Hat site, because an upward hydraulic gradient between the Honaker 
Trail Formation and the Halgaito Shale Formation prevents downward migra
tion of tailings seepage into the Honaker Trail Formation. Furthermore, 
the Halgaito Shale Formation hydraulic conductivity decreases with depth 
due to a decrease in fracture density with depth. 

Cadi sposa 1 of the Monument Va 11 ey and Mexican Hat tai 1 i ngs at the 
Mexican Hat site will produce an embankment containing 3.8 million cy of 
material. This material is a combinatioA of sands and slimes typical of an 
acid leach process. The Monument Valley tailings contain less fine-grained 
material and are much sandier than the Mexican Hat tailings. The pH of the 
tailings is relatively low (3.0 to 4.5) and the redox potential is oxi
dizing. The Monument Va 11 ey and Mexican Hat tailings contain hazardous 
constituents, including Appendix IX inorganic constituents derived from the 

_ uranium milling processes. Concentrations or activities of hazardous 
.constituents in the codisposed tailings that exceed the proposed EPA MCLs 
are arsenic, cadmium, chromium, molybdenum, nitrate, uranium, ·radium-226 
and -228, selenium, silver, and net gross alpha. No Appendix IX organic 
hazardous constituents related to-uranium processing activities were above 
detection limits in the tailings at the Mexican Hat site. A screening of 
Appendix IX inorganic constituents identified antimony, cobalt, copper, 
fluoride, nickel, vanadium, and zinc as hazardous constituents or elements 
contained in hazardous constituent compounds above detection limits. 

Water discharges from seeps in the North Arroyo exhibit maximum 
observed concentrations or acti viti es of molybdenum, net =..gross a 1 ph a, 
nitrate, antl uranium above MCLs. Discharges from these seeps are from 
water related to milling operations. Water discharges from Gypsum Creek 
seep GS-3 (254) may also have some contribution from milling operations
related water based on major cation/anion chemistry, elevated nitrate 
concentrations, and elevated uranium concentrations. Discharges from seeps 
in Gypsum Creek are primarily from the upward movement of native ground
water from either the Halgaito Shale Formation or the Honaker Trail 
Formation. However, in addition to seep GS-3, four Gypsum Creek seeps 
exhibit concentrations of uranium elevated generally an order of magnitude 
above background. These seeps appear to have a component of discharge 
derived from milling operations-related water. These seeps have very low 
flow rates of 0.5 gallons per minute (gpm) or less, where measured, and 
discharge into arroyos which are dry most of the time. A risk assessment 
has been conducted to address the potential risk of these seeps to humans, 
wildlife, and domestic animals (Appendix E, Section E.3.3). This 
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assessment concluded that no adverse non-catcinogenic health effects are 
expected for the above groups. 

Groundwater in the Ha 1 gai to Sha 1 e Formation and the Honaker Trai 1 
Formation in the vicinity of the Mexican Hat site is not used as a source 
of drinking water or for other domestic beneficial purposes. Groundwater 
has not been developed in the Halgaito Shale Formation because of the 
limited areal extent of saturation in the site vicinity and the low 
hydraulic conductivity of the formation, which results in low yields to 
we 11 s. Groundwater within the Honaker Trai 1 formation has not . been 
developed because of poor water quality (hydrocarbons and hydrogen sulfide 
gas). Alternative supplies of good water quality are readily available 
from the San Juan River, which supplies all the water used in the area. 

3.6 SURFACE WATER 

Monument Valley site 

Surface-water features in the vicinity of the Monument Valley tailings 
site include Cane Valley Wash and several small ephemeral drainages. The 
tailings site is approximately 10 feet higher in elevation and 1300 feet 
west of Cane Valley Wash (Figure 3.20). The -San Juan River, 15 air miles .. :_ 
north of the site, is the only perennial stream in the area. 

Cane Va 11 ey Wash has a drainage area of 90 square mi 1 es at the 
tailings site. The east and south arroyos drain a 650-acre watershed on 
Yazzie Mesa south of the tailings site. The arroyos join 300 feet east of· 
the lower tailings pile to course northward into the wash. Another arroyo~ 
(the west arroyo) drains a 1120-acre watershed and courses northeastward to .. 
the upper tailings pile and heap leach pad area. The middle arroyo d~ains 
a 60-acre watershed and flows into the south arroyo (Figure 3.20). ~ 

Runoff from the 1180-acre west and middle arroyo watersheds passes . 
through the site. After passing through the upper tailings pile area, 
drainage from the west arroyo spreads runoff to a flat area north of the 
lower tailings pile. Drainage from the middle arroyo flows into the south 
arroyo, and eventually empties into Cane Valley Wash. It is doubtful that 
surface water flows over the upper pile area during most runoff events. 
Rather, runoff probably infiltrates into the soil because of the permea-

·bility of the eolian deposits. The middle arroyo flows northeast toward _ 
the lower tailings pile boundary and then turns to the east at a sandstone 
bedrock outcrop approximately 750 feet south of the pile boundary. The 
channel is incised eight feet below the alluvial surface and 10 feet below 
the s 1 oping edge of the bedrock outcrop. During norma 1 runoff events, 
water is probably contained in the channel. 

Runoff from the site area generally flows northeast towards Cane 
Valley Wash. However, there are some low-lying areas and depressions in 
the west arroyo plus a few areas east and west of the lower tailings pile 
(particularly in the old evaporation pond area) where ponding may occur 
during precipitation events • 
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There are no water quality data for any of the surface water features 
associated with the Monument Valley tailings site. The surface water fea
tures at the site are arroyos and only contain water during runoff events. 

There are no known uses for any of the surface waters in the ephemeral 
arroyos and Cane Valley Wash, since flow in these drainages occurs only 
after excessive precipitation. · 

The existing tailings site could be affected by a flood in the west, 
east, or south arroyo. Water from a Probable Maximum Precipitation (PMP) 
event could overtop the channel banks in the east arroyo and reach the 
boundary of the 1 ower tailings pile. A PMP is defined as the maxi mum 
precipitation that could occur from the most severe combination of meteoro
logical conditions that are reasonably possible in a region. Areas 
indicative of periodic standing water and possible flooding exist between 
the east arroyo and the eastern edge of the lower tailings pile. 

Mexican Hat site 

The San Juan River, the major surface-water feature in the Mexican Hat 
area, is approximately one air mile north of and 240 feet below the Mexican 
Hat tailings site (Figure 3.21). This perennial river flows generally· 
west-northwest along a deeply incised, meandering course. Over a 69-year 
period of record at Mexican Hat, the river had a mean flow of approximately 
2500 cubic feet per second (cfs), for an average annual discharge of 
approximately 1,800,000 acre-feet. The recorded peak flow in the river at 
Mexican Hat is 52,800 cfs (USGS, 1985). . 

The U.S. Geological Survey (USGS) operates a continuous water-quality· 
sampling station on the San Juan River downstream of the tailings site. 
Data from this station (USGS, 1985) and from sampling performed by Geo
chemistry and Environmental Chemistry Research (GECR, 1982) show that the 
river water meets National Primary Drinking Water Standards and exceeds 
Secondary Drinking Water Standards only for iron and pH. Additional 
sampling of the river water by the EPA (1973) and the DOE has shown that 
radiological contaminant levels in the water are below the standards and 
that the tailings piles have had no effect on the quality of the water. 
Water samples are withdrawn from the river at a treatment facility on the 
south bank of the river near the crossing of U.S. Highway 163 (Figure 
3 0 21) 0 

Several well-entrenched arroyos drain a watershed of approximately 500 
acres south of the tailings site into the San Juan River. The largest and 
closest of these arroyos is Gypsum Creek (Figure 3.21), which is approxi
ma~ely 0.5 air mile northeast of, and approximately 100 feet below, the 
tailings site. There are no flow records for any of the arroyos because 
flows occur only after excessive precipitation. 

At the tailings site, a small area around the Halchita sewage lagoons 
drains into an ephemeral arroyo north of the lagoons (Figure 3.21). The 
rest of the tailings site and a 370-acre watershed around Halchita drain 
into an ephemeral arroyo north of the tailings pile (North Arroyo). These 
two well-entrenched arroyos· course north and northeast, respectively, to 
the San Juan River. Several smaller arroyos tributary to the northeast-
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coursing arroyo intersect the lower.tailings pile on the north and east 
sides. There are no flow records for any of 'the ephemeral arroyos at .the 
tailings site. 

Seven seeps have been identified within Gypsum Creek east of the 
tailings site, and three seeps occur in the North Arroyo north of the 
tailings pile. These surface discharges of groundwater are low (less than 
approximately one-half gpm ~ach, where measured) and discharge into the 
arroyos which are dry most of the time. These seeps are discussed in more 
detail in Section 0.7 of Appendix 0, Site Characterization. 

There are no water-quality data for the ephemeral drainages at and 
around the tailings site, and there are no known uses of the ephemeral 
flows in the drainages . 
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4.1 

4.0 SITE DESIGN 

INTRODUCTION 

This section describes the design for codisposal of the Mexican Hat 
and Monument Valley tailings at the former uranium processing site near 
Mexican Hat. The data are intended to pro vi de sufficient detai 1 to 
eva 1 uate the feasibility and effectiveness of the proposed design. The 
proposed design is predicted to meet the requirements of 40 CFR 192. The 
proposed design details are presented in Appendix 8, Specifications and 
Drawings. 

4.2 SUMMARY OF PROPOSED REMEDIAL ACTION 

The Mexican Hat site consisted of two tai 1 i ngs piles; stockpiled 
rubble from the Phase I demolition of several of the original mill build
ings, structures, and concrete pad of the mill buildings; and windblown 
areas. The Monument Valley site consists of two tailings piles; heap leach 
pads; an evaporation pond; two ore storage and mill yard areas; rubble 
piles; and windblown areas. Prior to Phase II suspension, the lower pile 
at Mexican Hat was shaped, and approximately 1,210,000 cy of Mexican Hat 
tai 1 i ngs from the upper pi 1 e and off-pi 1 e contaminated materia 1 s were 
placed on top of the lower pile • 

Approximately 1,093,300 cy of contaminated material from the Monument 
Valley site will be transported to the Mexican Hat site and will be placed 
as the upper ten feet of the Mexican Hat tailings embankment. The top of 
the resulting stabilized pile will slope to the northwest. The final 
embankment wi 11 cover an area of approximately 60 acres (Figure 4.1). 
Construction completed to date is described in Appendix A, Phases I and II 
Subcontract Completion Report. 

The cover placed on the stabilized pile will consist of a radon and 
infiltration barrier and erosion protection layer. The radon barrier will 
consist of selected uncontaminated material obtained from designated borrow 
areas. The entire radon barrier wi 11 be amended with bentonite. The 
erosion protection materials will consist of a layer of bedding material 
topped by a layer of rock riprap. The radon barrier borrow materials will 
be obtained from the RB-4 and RB-7 borrow sites (see Figure 3.18) and the 
erosion protection borrow materials are expected to be obtained from the 
Bluff and Sugarloaf sites (see Figure 3.19). During remedial action, all 
disturbed areas will be graded to promote drainage and appropriate measures 
taken to resist erosion. · 

4.3 DESIGN FEATURES 

The principal feature of the remedial action is the stabilization of 
the Monument Valley and Mexican Hat contaminated materials at the Mexican 
Hat disposal site . 
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The following activities, including the construction of temporary 
facilities, have been completed during Phase I and Phase II construction at 
Mexican Hat and Monument Valley: 

o Construction of temporary wastewater retention basins and dikes to 
prevent re 1 ease of contaminants, a decontamination pad to wash 
equipment, and site security fencing. 

o Demolition and stockpiling of on-site surface and subsurface struc
tures and utilities at Mexican Hat. 

o Reshaping of the lower tailings pile at Mexican Hat. 

o Excavation, transportation, and placement of the remaining con
taminated materials at the Mexican Hat site on the lower tailings 
pile. These materials include the upper tailings pile, portions of 
the lower pile, off-pile contaminated materials, and demolished 
material stockpiled at the former mill site. 

o Site preparation at the Monument Valley site, including construc
tion of temporary wastewater retention basin and dikes, and 
decontamination facilities. 

o Upgrade of the haul road between the Monument Valley and Mexican 
Hat sites (Indian Service Road 6440) and construction of·a bypass 
at Halchita . 

o Construction of permanent ditches, aprons, and a diversion ditch to 
collect and carry surface runoff away from the stabilized 
embankment at Mexican Hat. 

Major construction activities to be performed at_ both Mexican Hat and 
Monument Valley for completion of remedial action construction would be as 
follows: 

o Excavation and transportation of tailings and contaminated 
materia 1 s from the Monument Va 11 ey site to be p 1 aced on the 
tailings embankment at the Mexican Hat site. 

o Cleanup of remaining windblown and waterborne contaminated mater
ials at Mexican Hat. 

o Installation of the final cover over the tailings at Mexican Hat to 
inhibit water infiltration, radon emanation, and erosion. 

4.4 PERMANENT DESIGN FEATURES 

4.4.1 Layout 

The tailings embankment has been designed to contain an addi
tional 2,300,000 cy of contaminated material on top of the lower 
tailings pile and will cover approximately 60 acres, resulting in 
a pile containing a total of 3.8 million cy of contaminated 
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material. The lower tailings pile at Mexican Hat has been 
stabilized in place. Tailings from the upper pile and contaminated • 
materia 1 s from wi ndb 1 own areas were then p 1 aced over the 1 ower 
tailings pile. Contaminated material from Monument Valley will be 
placed as the top layer of the stabilized pile. Lastly, the radon 
and infiltration barrier, erosion protection, and permanent drainage 
structures will be constructed (Figure 4.2). 

4.4.2 Decontamination and restoration 

Contaminated materials from the wastewater retention basins, 
dikes, and decontamination facilities at both sites will be placed 
in the ta i1 i ngs embankment. Access to the comp 1 eted ta i1 i ngs 
embankment will be restricted while the remainder of the Mexican Hat 
site and all of the Monument Valley site are graded to promote 
drainage, stabilized from erosion, then released for any use consis
tent with land use controls. Backfill at the Monument Valley site 
will be minimal. 

4.4.3 Embankment construction 

The configuration of the embankment at the Mexican Hat site 
will minimize the handling of tailings and contaminated materials 
and use the natural topography of the Mexican Hat processing site to 
reduce the potential impacts from erosion. The design also incor- • 
porates existing sand dikes at the Mexican Hat site to minimize 
earthwork (see Figure 4.2). 

Relocated tailings and contaminated materials will be placed 
and compacted on the tailings embankment. Contaminated organic 
materials will be evenly distributed throughout the embankment so 
that no more than five percent organic material by volume is present 
in any area of the pile. Demolition debris will be placed in the 
lower portion of the embankment and surrounded with compacted tail
ings. Site preparation details and embankment compaction criteria 
are presented in the Project Site Design Criteria (DOE, 1984b). 

The embankment top will have a two percent grade to promote 
drainage. The sideslopes will be limited to a 20 percent grade to 
create a stable slope. · 

4.4.4 Cover construction 

The radon emanation rate will be controlled through a design 
that meets EPA standards by placing and compacting less-contaminated 
materials in the upper portion of the pile, then placing a radon 
barrier consisting of 24 inches of compacted, uncontaminated soil 
over the embankment. The radon barrier will be composed of a silty 
sand from a nearby borrow source amended with 10 percent bentonite. 
The radon barrier will be protected on all sides by a rock riprap 
layer designed to prevent erosion due to wind or rain runoff from. • 
the PMP. 
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The erosion protection layer consists of an eight-inch-thick 
layer of 1.7-inch (or larger) mean diameter rock on the top of the • 
embankment, and a one-foot-thick layer of 4.4-inch (or larger) mean 
diameter rock on the sideslopes and the aprons of the embankment. 
A graded bedding 1 ayer wi 11 be placed beneath the rock 1 ayer to 
protect the fine-grained soils of the radon barrier from erosion by 
interstitial flow, protect the radon barrier during placement of the 
riprap layer, and function as a drain that sheds water laterally off 
the pile. 

4.4.5 Site drainage 

The Mexican Hat site will be graded and permanent drainage 
features constructed to protect the embankment (rom erosion. 
Drai~age ditches will direct runoff around the embankment and into 
the arroyos. Runoff from the western watershed and west sideslopes 
of the embankment will be intercepted by the west ditch. Runoff 
from the east sideslope of the embankment will flow eastward and 
northeastward as sheet flow and will be released across the rock
covered aprons. Runoff from the top of the embankment will flow to 
the north and northwest as sheet flow, and down the north side of 
the embankment across the rock-covered apron into the north ditch. 
The ditches will be sized and protected with riprap sufficient to 
carry the runoff from a one-hour PMP, except for the north ditch and 
diversion ditch. Both of these ditches are expected to be excavated 
within the upper resistant layer of sandstone, which would not 
require additional erosion protection. The north ditch will have 
engineered riprap in an excavated keyway at its outfall into the 
North Arroyo to prevent headcutting. 

In addition, a 1.25-foot-thick layer of 6.9-inch (or larger) 
mean diameter rock will be placed in the diversion ditch and gully 
1; a 1.5-foot-thick layer of 4.4-inch (or larger) mean diameter rock 
will be placed in gully 2; a 1.5-foot-thick layer of 6.9-inch (or 
larger) mean diameter rock will be placed in gully 3; and a 13-inch
th i ck 1 ayer of 6. 9- inch (or 1 a rger) mean diameter rock wi 11 be 
placed in the west ditch (Appendix B, Subcontract Drawings). 

4.4.6 Groundwater protection 

The disposal cell design will comply with the site-specific 
groundwater protection standards in 40 CFR 192.02(a)(3) as deter
mined from an assessment of the hydrogeologic characteristics of the 
site, design analysis of the disposal unit, and performance assess
ment of the disposal site (NRC, 1988). The disposal cell is 
designed to meet the proposed EPA MCLs or background water quality, 
whichever is higher, in the Honaker Trail Formation (the uppermost 
aquifer). A detailed analysis of the groundwater protection 
strategy at the Mexican Hat site is provided in Appendix E, Water 
Resources Protection Strategy. Seepage of tailings fluids into the 
Honaker Trail Formation is precluded by the upward gradient between 
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. the Honaker Trail Formation and the Halgaito Shale Formation and by 
a decrease in ~ydraulic conductivity with depth in the Halgaito 
Shale Formation in the area of the tailings pile. This upward 
hydraulic gradient is artesian in the vicinity of the tailings 
disposal cell. Because of the advantageous hydrogeologic setting, 
the surface remedial action will comply with the proposed EPA 
groundwater protection standards. 

Groundwater contamination from mi 11 i ng-re 1 a ted tai 1 i ngs seepage 
forms an area of saturation in the Halgaito Shale Formation beneath 
and downgradient of the Mexican Hat site. This groundwater has 
migrated laterally east and southeast of the pile and is the major 
component of seep discharge for seeps in the North Arroyo and for 
seep GS-3 (254) in Gypsum Creek. This contaminated groundwater also 
contributes to flow of four other seeps in Gypsum Creek. However,_ 
based.on the water quality type of major cations and anions, the·· 
major component of flow is from upward movement of natural ground
water. The North Arroyo seeps are located within the site boundary. 
A risk assessment has been performed (JEG, 1990) that addresses the 
health and environmental risk from the Gypsum Creek seeps located 
beyond the designated site boundary (Appendix E, Section E.3.3). 
This study concluded that there is negligible risk to human health 
and the environment associated with the Gypsum Creek seeps, given
the relative inaccessibility of Gypsum Creek . 

4.4.7 Flood protection 

The stabilized site will be protected from the Probable Maximum 
Flood (PMF) generated from the PMP on the upland watershed and on 
the embankment. Permanent drainage ditches will be constructed to 
carry the PMF runoff. 

4.5 CONSTRUCTION FEATURES 

4.5.1 Layout 

Construction will occur at the Mexican Hat and Monument Valley 
processing sites, the borrow sites, and along the haul roads. 
During Phase I construction at the Mexican Hat site, an access 
control area was built east of U.S. Highway 163 and northeast of the 
former Mexican Hat processing site, and an equipment decontamination 
pad was constructed adjacent to the vehicle access gate. During 
Phase II construction, a second decontamination pad was constructed 
in the southwest corner of the Mexican Hat site. Access control, 
decontamination, and drainage facilities were constructed at the 
Monument Valley site. Contaminated wastewater at both sites will be 
directed to retention basins constructed on the sites. Fences will 
isolate the staging areas at both sites • 
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4.5.2 Site access 

The sites are fenced to control traffic entering and leaving 
the sites and prevent unauthorized traffic from entering the 
controlled areas. 

4.5.3 Staging area facilities 

During construction, temporary facilities will be provided for 
construction workers and supervisory, engineering, administrative, 
security, and radiation monitoring personnel at both the Monument 
Valley and Mexican Hat sites. The facilities will consist of office 
space, emergency showers, change facilities, and portable toilets. 

4.5.4 Utilities 

At the Mexican Hat site, existing power lines, a six-inch water 
line, and a sanitary sewer line leading to the health clinic will be 
maintained during remedial action •. All other site utilities will be 
removed or abandoned during construction. No utilities are present 
at the Monument Valley site. 

4.5.5 Drainage, erosion control, and wastewater retention basins 

During remedial action, all drainage from contaminated areas 
wilT be diverted to wastewater retention basins or catchment areas. 
·Temporary drainage ditches and dikes. are designed to carry the peak 
flow from the one-hour 10-year storm event. Runoff outside the 
affected areas will be diverted away from contaminated areas. 

Existing catchment areas will be enlarged to control peak flows 
into the heap leach pad area at the Monument Valley site. In addi
tion, dikes will be used to divert runoff to the retention basin at 
this site. This will eliminate the need for ditches being con
structed in the rock terrain and becoming a permanent_feature after 
construction. 

· The retention basins are designed to retain the ~unoff from a 
24-hour 10-year storm as well as the wash water from decontamination 
operations. The retention basins at each site have sufficient 
capacity to hold all sediment inflow over the life of the project 
without sediment removal. The emergency overflow of the basins is 
designed to safely discharge the one-hour 25-year storm peak inflow. 

4.5.6 Equipment decontamination pad 

Decontamination pads with a concrete sump will be provided to 
wash contaminated equipment and trucks at both processing sites, 
thereby preventing contaminated materials from being removed from 
the controlled area. 
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4.5.7 Dust control 

Dust generated by excavation, earth movement, vehicle use, 
temporary material stockpiling, and similar activities will be 
controlled and minimized by the use of water and water-based 
surfactants sprayed from hoses or trucks. Dust suppression water 
for use on contaminated areas will be supplied by the wastewater 
retention basins, supp 1 emented as necessary with uncontaminated 
water. Contaminated water will be used on 1 y in the contaminated 
areas. Spraying schedules will be determined hourly. The frequency 
of spraying will increase when combinations of low soil moisture and 
windy conditions are encountered. 

· 4.5.8 Borrow areas 

Borrow areas for radon barrier and erosion protection materials 
have been identified. Radon barrier material will be obtained from 
the RB-4 and RB-7 borrow sites, which are approximately five road 
miles south of the Mexican Hat processing site. The haul route will 
be Indian Service Road 6440 and a bypass already constructed to the 
east of Hal chit a connecting the service road to the Me xi can Hat 
processing site. 

Rock for erosion protection and bedding material is expected to -
be quarried at the Bluff and Sugarloaf quarries. The subcontractor 
may elect to obtain bedding and ri prap materials from other borrow : 
sources, provided the size and quality requirements are met. Mater-~ 
ial for restoring the Mexican Hat processing site.will be excavated'. 
from uncontaminated areas at the site. Restoration material for the . 
Monument Valley site will be excavated from a borrow area adjacent ' 
to the site. 

4.5.9 Compaction 

All contaminated materials, except the top three feet of the 
tailings, will be compacted to 90 percent · of Standard Proctor 
density. The top three feet of tailings will be compacted to 
95 percent of Standard Proctor density. The radon barrier will be 
placed wet of optimum moisture content and compacted to 100 percent 
of Standard Proctor density. No materials (tailings or cover) will 
be placed during freezing conditions. Uncontaminated material used 
as fill for site restoration will be compacted to 90 percent of 
Standard Proctor density. 

4.5.10 Construction sequence 

Work completed during Mexican Hat Phase I construction 
included demolition of the remaining mill buildings (except the 
sheet metal shop and the health clinic) and the construction of the 
wastewater retention basin, dikes, temporary construction ditches, 
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the decontamination pad, security system, and staging and access • 
control areas. 

Initial Phase II construction primarily consisted of stabi
lization of the pile in place and relocation of the Mexican Hat 
upper pile and wi ndb 1 own materia 1 s to the di sposa 1 ce 11 (1 ower 
pile) • 

The Phase II subcontract includes the completion of all 
remedial action at the Mexican Hat site and the Monument Valley 
site. The work at the Mexican Hat site will include the following: 
(Ref. Completion of Phase I and II Subcontracts, Revision I) 

o Disposal of stockpiled debris. 

o Disposal of all off-pile contaminated materials. 

o Construction of radon barrier and infiltration cover. 

o Construction of all permanent drainage features. 

o Removal of all temporary facilities. 

o Site restoration. 

On May 31, 1989, the Monument Valley portion of the work was 
added to the Phase II subcontract. The Monument Valley work will 
include the following: 

o Construction of temporary facilities. 

o Disposal of rubble. 

o Excavation, hauling, and disposal of tailings and other 
contaminated materials in the Mexican Hat disposal cell. 

o Removal of temporary facilities. 

o Site restoration. 

4.5.11 Construction performance summary 

The tota 1 embankment sett 1 ement expected to occur at the 
Mexican Hat disposal cell ranges from 0 to 2.7 feet (Calculation 9-
420-01). The total settlement is greatest in the central portion 
of the embankment in the vicinity of piezocone soundings HAT01-231 
and HAT01-232. The differential settlement is greatest at the 
southeast corner of the embankment. The differentia 1 sett 1 ement of 
the embankment is not expected to cause any flow concentration or 
adversely affect the stability of erosion protection material on 
the embankment. 
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The cover cracking potential is assumed to be the greatest 
when the differential settlement is the greatest. The maximum 
horizontal tensile strain, etmax, of· the radon barrier material at 
this section is 0.04 percent (Calculation 9-420-02). The estimated· 
failure tensile strain of the radon barrier is at least 0.05 per
cent. 

The factors of safety for slope stability are shown in 
Calculation 19-349-03-01. The required factors of safety for each 
condition are as follows: 

Condition 

Short-term static 
Short-term seismic 
Long-term static 
Long-term seismic 

4.6 SCHEDULE 

Required factors 
of safety 

1.3 
1.0 
1.5 
1.0 

Actual factors 
of safety 

1.9 
1.2 
3.0 
1.1 

Mexican Hat Phase I work was completed in October 1987, and Phase II 
construction stopped in May 1990. Completion of the remedial action will 
require approximately 28 months • 

4.7 REPROCESSING ASSESSMENT 

The feasibility of reprocessing the Mexican Hat tailings to recover 
residual uranium, vanadium, and molybdenum was evaluated (MSRD, 1982). 
This analysis indicated that the 1981 market price of these materials would 
need to triple before reprocessing would become economically feasible. 

The feasibility of reprocessing the Monument Valley tailings was not 
quantitatively evaluated. However, initial studies of the tailings 
revealed that the prospects of economically reprocessing the tailings were 
poor due to the low residual uranium, vanadium, and molybdenum contents of 
the tailings (FBDU, 1981b). 

4.8 SITE ACQUISITION REQUIREMENTS 

The Mexican Hat site is located within the Navajo Reservation. The 
DOE will enter into a land withdrawal agreement with the Navajo Nation for 
the area that will contain the stabilized tailings. · Pursuant to that· 
agreement, the DOE or another designated Federal agency will monitor and 
maintain the land containing the stabilized tailings. 

The Monument Valley site is also located within the Navajo Nation. 
The entire site will be returned to the Navajo Nation after remedial action 
for any use consistent with land use controls. 
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5.0 WATER RESOURCES PROTECTION STRATEGY 

The following is a summary of the water resources protection strategy for the 
Mexican Hat disposal site. A hydrogeologic characterization of the Mexican Hat 
site is presented in Appendix D, Section D.7; a more detailed analysis of this 
strategy is presented in Appendix E, Water Resources Protection Strategy. 

The performance of the disposal cell is expected to comply with the site
specific groundwater protection standards as determined from an assessment of the 
hydrogeologic characteristics of the site, design analysis of the disposal unit, 
and performance assessment of the disposal site (NRC, 1988). The disposal cell 
will meet the proposed EPA MCLs or background water quality, whichever is higher, 
in the Honaker Trail Formation (the uppermost aquifer). Seepage of tailings 
fluids into the Honaker Trai 1 Formation is precluded by the upward gradient 
between the Honaker Trail Formation and the Ha 1 ga_ito Sha 1 e Formation and a 
decrease in hydraulic conductivity with depth in the Halgaito Shale Formation in 
the area of the tailings piles. This upward hydraulic gradient is artesian in the 
vicinity of the tailings disposal cell. Because of the advantageous hydrogeologic 
setting, the remedial action is expected to comply with the proposed EPA 
groundwater protection standards. 

The transient drainage of water added to suppress dust and compact relocated 
tailings, and tailings drainage that occurs prior to equilibration with the 
infiltration rate through the cover, should not cause the proposed EPA groundwater 
protection standards to be exceeded, as the seepage rate will be less than that 
which occurred from the tai 1 i ngs during processing activities. Because no 
contamination has been observed in the Honaker Trail Formation as the result of 
previous activities, concentrations of hazardous constituents in the Honaker Trai 1 
Formation should not be affected by the transient drainage of construction water 
and residual tailings fluids. 

Qualitatively, several components of the cover design will provide additional 
conservatism for compliance with the proposed EPA groundwater standards. In the 
remedial action, the lower pile at Mexican Hat has been left in place and the 
upper pile was relocated and consolidated onto the lower pile. During the next 
phase of surface remedial action, the contaminated materials from Monument Valley 
will be relocated and consolidated onto the lower pile. The proposed cover design 
for the Mexican Hat disposal cell consists of a three-component cover system. In 
ascending order, the cover consists of a radon/infiltration barrier composed of 
highly compacted bentonite-amended soil; a bedding (filter) layer of sand; and an 
erosion protection layer of rock riprap. Recent studies on infiltration through .. 
radon barriers with similar cever components in areas with similar climates 
suggest that infiltration rates will be negligible, as infiltration is a function 
of the unsaturated hydraulic conductivity of the radon barrier (DOE, 1989b). The 
Mexican Hat disposal cell overlies the Halgaito Shale Formation, which 
unconformably overlies the Honaker Trail Formation in the site vicinity. The cell 
design favors the hydrogeologic isolation for moisture exiting the disposal cell. 
The design a 1 i gns the natura 1 setting by incorporating a 1 ow cover flux and 
controlling the use of construction water. Unsaturated hydraulic conductivities 
are substantially lower than saturated hydraulic conductivities. Operational 
unsaturated conditions in the Mexican Hat radon/infiltration barrier result in an 
estimated seepage flux through the stabi 1 i zed pile three to eight orders of 
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magnitude less than is occurring under presently unstabilized conditions. This 
represents a negligible long-term seepage flux through the disposal cell. implying · · 
that the proposed concentration limits (either background concentrations or MCLs. 
whichever is higher) would be met at the point of compliance (POC). even if the • 
seepage could migrate into the Honaker Trail Formation. 

The remedial action will meet the requirements of the standards because the 
proposed disposal cell design minimizes the need for active maintenance and 
minimizes or eliminates releases of hazardous constituents to groundwater. The 
need to minimize active maintenance is achieved by using natural. durable 
materials and shaping the pile to accommodate natural forces. The pile morphology 
has been designed to provide slope. settlement. and deformation integrity. 

Pursuant to 10 CFR 40 and 40 CFR 192. the DOE is required to submit an LTSP 
that describes groundwater performance monitoring and demonstrates that the 
performance of the disposal cell is in accordance with the design requirements at 
the Mexican Hat Site. The LTSP will be supplied in a separate document. This 
plan will include a program for Gypsum Creek and North Arroyo seep monitoring. 
This seep monitoring program will provide a data base that will allow observation 
and prediction of seep water quality trends. This seep water quality data base 
will also provide information necessary to reach a decision as to the need for and 
extent of mitigative measures under Subpart B of UMTRCA as described below. 

Closure performance monitoring of groundwater wi 11 not be needed at the 
Mexican Hat site. Water quality impacts in the Honaker Trail Formation have not 
been observed. even though processing activities began over 30 years ago. Because 
of the advantageous hydrogeologic setting. the water quality is not expected to 
be affected in the future. 

If the proposed EPA groundwater standards are found or projected to be • 
exceeded. a corrective action plan will be proposed to bring the disposal site 
into compliance. Proposing a specific detailed action plan to clean up or control 
the movement of groundwater at this time is not possible. However. should a 
failure of the disposal cell occur. or should the site be found not to be in 
compliance following tailings stabilization. within 18 months corrective action 
plans shall be formulated and implemented. 

Based on the present level of site characterization. no groundwater cleanup 
is anticipated at the Mexican Hat processing site. The uppermost aquifer. the 
Honaker Trail Formation. has not been and is not expected to be influenced by 
tai 1 i ngs seepage. The zone of saturation in the Ha 1 gai to Sha 1 e Member that 
resulted from uranium processing will eventually diminish as recharge through the 
tailings is limited by the consolidation of the tailings into a disposal cell w~th 
a cover that restricts infiltration. Although this Halgaito Shale Formation 
saturation contributes to Gypsum Creek seep discharges. a human health and 
ecological risk assessment (JEG. 1990) found that negligible risk was associated 
with the seeps given their remote location from human activity and livestock. The 
seeps in the North Arroyo and in Gypsum Creek will continue to be monitored until 
the need for mitigative measures is assessed under the separate NEPA process. 

Groundwater in the vicinity of the Mexican Hat tailings site has never been 
used as a water resource due to the naturally poor quality and limited yield. 
Based on the historic record of groundwater use and the present and future 
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availability of alternative water supplies, groundwater at the site is not pro
jected to constitute a viable water resource in the area. After remedial actions 
are completed at the Mexican Hat disposal site, groundwater within the Halgaito 
Shale Formation will disperse for an unknown, but finite, time. Eventually, 
recharge to the Halgaito Shale Formation will be governed by infiltration of 
precipitation, which will result in a return to unsaturated conditions, as was 
likely the case prior to uranium milling operations. Existing saturation within 
the Halgaito Shale Formation will diminish with time. 

The need for and extent of groundwater cleanup at the Monument Valley 
processing site will be determined based on the extent of the existing contami
nation, the potential for current or future use of the aquifer for drinking water 
supp 1 i es, and the techni ca 1 practi cabi 1 i ty of restoring the a qui fer from an 
engineering perspective. The relocation of the Monument Valley processing site 
tailings to the Mexican Hat disposal site will remove the source term for the 
groundwater contamination at Monument Valley. This will not affect the ability 
to perform groundwater cleanup at the Monument Valley site. Studies are currently 
under way to develop plans, guidance materials, and procedures for groundwater 
cleanup activities. The decision as to the need for and extent of groundwater 
cleanup, required to be addressed under 40 CFR 192 Subparts 8 and C, will be made 
as part of a separate process under the NEPA. These i nvesti gati ons wi 11 be 
carried out during the Subpart 8 groundwater restoration phase • 

-69-



This page intentionally left blank 

 



. . 

• 

• 

• 

6.1 

6.0 ENVIRONMENTAL, HEALTH, AND SAFETY 

POLICY 

The UMTRA Project health and safety po 1 icy is that the DOE and its 
contractors will take all reasonable precautions in the performance of the 
remed i a 1 action work to protect the environment, ensure the health and 
safety of employees and the public, and provide protection of the govern
ment. The DOE and its contractors will comply with all applicable Federal 
and state/tribal health and safety regulations and requirements including, 
but not limited to, those established pursuant to the Occupational Safety 
and Health Act {OSHA). 

The site Remedial Action Contractor (RAC) will have the principal 
responsibility for implementing ahealth and safety program. The program 
should include an on-site professional health and safety staff responsible 
for implementing, monitoring, sampling, training, and reporting procedures. 
The surrounding community and the on-site workers must be protected from 
accidents and radiation exposure. The RAC health and safety program will 
meet all of the requirements of the UMTRA Project Environmental, Health, and 
Safety Plan (DOE, 1989c) or its revisions, as well as DOE Orders 5400.5 and 
5480.11. 

6.2 SITE CONDITIONS AFFECTING HEALTH AND SAFETY PLANNING 

The remedial actions at the Mexican Hat and Monument Valley sites will 
require special attention to potential hazards because of the wide range of 
a~tivities conducted at the sites during their operation, the various toxic 
and hazardous materials that may remain at the sites, and the physical 
hazards that exist at the sites. This section describes those specific 
conditions that are known or suspected to exist at the sites, and that will 
require special attention in the health and safety program to be implemented 
by the RAC. 

A sulfuric acid plant was constructed and operated at the Mexican Hat 
site. As a result, soil in the area·of the plant is highly acidic. Caution 
shou 1 d be exercised to prevent manu a 1 handling of the materia 1 • Steep 
slopes and cliffs are· present in the vicinity of the sites. Poisonous 
snakes have been observed in the local area of the sites. 

While no known Th-230 separation was performed at the Mexican Hat site, 
measurements of Th-230 in air particulates collected in the mill yard, as 
well as adjacent to the tailings pile, have resulted in average values about 
15 percent of the maximum permissible concentration (MPC). Thorium concen
trations as high as 56 percent of the MPC were measured at the Monument 
Valley site. These samples were collected during a period of no construc
tion activity. Th-230 levels in air particulates during construction may 
approach and even exceed the administrative limits despite ongoing efforts 
to minimize dust generation. This would necessitate the use of respirators . 
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The nearest hospital with 24-hour emergency service is the Monument 
Valley Adventist Hospital. The nearest Highway Patrol office is in 
Monticello, Utah. Phone numbers for contacting emergency response 
organizations are provided below: 

Ambulance 
Monument Valley Adventist Hospital 
Fire Department 
Highway Patrol 
Navajo Police, Kayenta 
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7.0 RESPONSIBILITIES OF PROJECT PARTICIPANTS 

INTRODUCTION 

The following defines the various responsibilities of the DOE UMTRA 
Project Office, the NRC, the Navajo Nation, the Bureau of Indian Affairs 
(BIA), and the Bureau of Land Management (BLM) during design, remedial 
action, and through the initiation of custodial surveillance and 
maintenance. The DOE will be assisted by its Technical Assistance 
Contractor (TAC) and its RAC, Morrison-Knudsen, Inc. However, all assigned 
responsibilities will remain the ultimate responsibility of the DOE. In 
general, the TAC will assist the DOE in the preparation of conceptual 
designs and a remedial action plan, and will provide· quality assurance, 
audits, and recommendations for final certification. The RAC will prepare 
detailed design and manage field construction activities. The Navajo 
Nation•s responsibilities will be administered and coordinated by the Navajo 
Division of Resources. 

Major areas of responsibility for future actions by the DOE, the Navajo 
Nation, the NRC, the BIA, and the BLM are summarized as follows: 

DOE (including TAC and RAC): 

Manage and coordinate project. 
Obtain permits and approvals • 
Prepare detailed design and specifications. 
Prepare quality assurance plan. 
Prepare and implement public participation and information plan. 
Provide funds. 
Conduct remedial action. 
Audit remedial action. 
Prepare and submit license application. 
Prepare LTSP. 
Certify remedial action. 
Obtain license. 
Conduct surveillance and maintenanie. 

Navajo Nation: 

Review and concur in the RAP. 
Assist the DOE in acqu1r1ng or· extinguishing the interests of 

1 an downers or others with property interests at the designated 
processing and disposal sites. · 

Assist in obtaining local Chapter and Tribal Council approvals. 
Issue Navajo Tribal permits or approvals. 
Assist in public participation and information. 
Assist in the land acquisition process. 

NRC: 

Review and concur in the RAP . 
Review and concur in the LTSP. 
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Review and concur in the final certification report. 
Issue a license for long-term surveillance and maintenance of the • 

disposal site. 

Review and concur in the RAP. 
Issue sand and gravel permits for excavation of borrow materials. 
Assist the DOE in acquiring or extinguishing the interests of those 

with property interests at the designated processing site. 
Concur in the land acquisition process. 

BLM: 

Issue free use permit for the extraction of gravel and rock. 

7.2 DETAILED RESPONSIBILITIES 

Detailed responsibilities of the project participants in the areas_ of 
permitting, licensing, land acquisition, detailed design, construction, 
health and safety, public information, radiological support, quality 
assurance, and custodial surveillance and maintenance are defined in the 
following sections. 

7.2.1 Regulatory compliance 

Requirements for-regulatory compliance, previously identified by 
Federal and state agencies (Agencies), will be incorporated into the 
final design specifications, as needed, by the DOE. Revisions to the 
design and specifications resulting from internal DOE reviews will be 
incorporated prior to the Agencies' review for permits. 

The RAC will submit permit applications and supporting details 
to the Agencies for permit issuance. 

During the remedi a 1 action, the DOE wi 11 audit construction 
activities for compliance with provisions of the permits and 
approvals (permitting Agencies may independently audit relevant 
activities consistent with normal practice). Summary audit reports 
will be prepared by the DOE and submitted to the appropriate Agencies 
as required. Depending upon Agency comments, revisions to con
struction compliance activities will be made. 

Upon completion of the permitted action, the DOE will conduct a 
final review and will prepare a close-out report for submittal to the 
Agencies as required. Permits will then be terminated. 
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7.2.2 Licensing 

As part of the licensing task and prior to completion of the 
remedial action, the DOE will prepare a draft license application 
including the site LTSP. The draft application will be submitted to 
the NRC for review and comment. Revisions resulting from this review 
wi 11 be incorporated into the fi na 1 app 1 i cation, which wi 11 be 
submitted to the NRC by the DOE following the completion of remedial 
action and documentation in a certification report. 

Any final revisions required will be added and the licenses will 
be issued by the NRC to the DOE (or responsible designated Federal 
agency). 

7.2.3 Land acquisition 

The Navajo Nation and the BIA will assist the DOE in acqu1r1ng 
or extinguishing the interests of assignees, permittees, lessees, 
sub 1 essees, or other i ndi vi dua 1 s with property interests in the 
processing and disposal site. Upon completion of the remedial 
action, the DOE will. execute the 1 ong-term custody agreement for the. 
1 ong-term survei 11 ance and maintenance of the site by the Federa r 
government • 

7.2.4 Detailed design 

The RAC prepared preliminary engineering drawings for review by 
the DOE. Based upon this review, the RAC will prepare final design 
drawings, specifications, and bid packages. Once final and approved~ 
by the DOE, the bid packages will be issued to prospective bidders 
pursuant to Federal regulations, and a construction subcontractor(s) 
will be selected. 

Final design and specifications are provided in Appendix B, 
Specifications, Design Drawings, Calculations, and Information for 
Bidders. 

7.2.5 Construction 

The DOE will prepare guideline documents to comply with health 
and safety, security, qua 1 ity assurance, pub 1 i c information, and 
other regulatory requirements. 

The RAC will acquire the necessary permits and approvals from 
·the appropriate Agencies. 

Site mobilization and initiation of construction activities will 
occur in accordance with the DOE-approved constr~ction schedule . 
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Construction activities will be audited by the DOE. These 
. audits will be provided to the NRC and the Navajo Nation and to other 
regulatory Agencies upon request to the DOE. The Navajo Nation, the 
NRC, and other regulatory Agencies may also perform independent 
audits of the remedial action. Revisions to the remedial action 
resulting from site audits will be incorporated into the as-built 
design and the RAP by the DOE as necessary. 

Upon completion of the remedial action, the sites will be 
certified by the DOE. The NRC will review and concur in the final 
site certification report. 

7.2.6 Health and safety 

Based upon the guidance of the UMTRA Project-En vi ronmenta 1, 
Health, and Safety Plan (DOE; 1989c}, site-specifie:::implementation 
methods will be developed by the RAC. As part of the implementation 
methods, the RAC will institute radiation control and environmental 
monitoring and will develop response procedures for severe weather 
and medical emergencies. 

Construction contractors will comply with approved procedures, 
file reports with the DOE that record the results of monitoring. and 
report accidents and illnesses. Records will be maintained by the 
DOE following remedial action construction. 

• 

Employee and public complaints will be investigated by the DOE. • 

7.2.7 Public information 

The DOE wi 11 estab 1 ish 1 oca l site managers who wi 11 pro vi de 
information to the public and local media. 

Pri~r to and during constructio~. the DOE, with assistance from 
Navajo Nation officials and local citizens, will conduct public 
information meetings to inform the interested public of key aspects 
and current progress of the remedial action. 

Concurrent with the public meetings, the DOE will provide status 
and progress reports for the Navajo Nation and other agencies (e.g., 
NRC, EPA, BIA). · 

7.2.8 Radiological support 

The DOE will prepare and implement a Radiological Support Plan 
(Appendix C) and will take measures to independently ensure the 
quality of the analyses and compliance with the procedures. 

After remedial action, the DOE will prepare a completion report, 
conduct a final verification survey, and provide a recommendation for 
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site certification. The NRC will concur in the final site certifica
tion.report. 

7.2.9 Quality assurance {QA) 

Qua 1 i ty wi 11 be contra 11 ed in accordance with the DOE/UMTRA 
Quality Assurance Plan (DOE, 1990). QA audits and the in-process 
survei 11 ance sha 11 be conducted by DOE and the TAC to verify and 
ensure that the remedial action activities are performed in 
accordance with approved Project requirements. 

7.2.10 Surveillance and maintenance 

· The DOE will prepare and submit to the NRC the LTSP as part of 
the site license application. The NRC will review and concur with 
the plan, and the DOE (or designated Federal agency) will ensure 
that the plan is implemented . 
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8.1 

8.0 LONG-TERM CARE PROGRAM 

INTRODUCTION 

To control the stabilized RRM, Section 104(f)(2) of the UMTRCA requires 
that the disposal sites be cared for under a general license issued by the 
NRC. The NRC's regulations, 10 CFR 40, define the conditions that must be 
met before the general license becomes effective for the disposal site at 
Mexican Hat, Utah. 

The general license is for the disposal sites only. Its objective is 
to ensure that the disposal cell remains undisturbed and that the stabilized 
RRM will not present a hazard to the public or the environment. The general 
license will become effective for the Mexican Hat disposal site after the 
following take place: 

o The NRC concurs in the DOE's certification that the remedial action 
has been completed in accordance with 40 CFR 192 and all applicable 
standards for the Navajo Nation. 

o . Title to or custody of the RRM and the disposal site has been 
transferred to the DOE. 

o The NRC has formally accepted the site-specific LTSP . 

At this time, surveillance and monitoring (S&M) under the Title I long
term care program will begin and programmatic responsibility for carrying 
out this program will be transferred to the DOE Grand Junction Projects 
Office (GJPO). 

It is estimated that once the surface remedial action activities are 
completed, it will take a minimum of 28 months for the licensing process to 
be completed. 

8.2 THE LONG-TERM SURVEILLANCE PLAN 

· The LTSP contains the licensing conditions for the Mexican Hat disposal 
site. As defined in 10 CFR 40.27b, the LTSP will contain the following 
information: 

o A legal description of the disposal site to be licensed, including 
documentation on whether land and interests are owned by the United 
States or an Indian tribe. 

o A detailed summary description of the final site conditions, 
specific maps and drawings of permanent site surveillance features, 
and a characterization of existing groundwater qua 1 ity and any 
necessary groundwater protection activities or strategies . 
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o A detailed description of the long-term surveillance program, 
including the proposed inspection frequency, reporting to the NRC, 
and the extent of groundwater monitoring, if required. 

o Th~ criteria for follow-up inspections in response to observations 
from routine inspections or extreme natural events. 

o The criteria for i nsti tuti ng maintenance or emergency measures 
(e.g., corrective action). 

The Guidance for Implementing the UMTRA Project Long-term Surveillance 
Program (DOE, 1992) provides guidance for· carrying out the 1 ong-term care 
program in accordance with the licensing conditions and for preparing the 
LTSP. 

At the time the disposal site is completed, a draft:: LTSP will be 
prepared for review and comment by the NRC and the Navajo Nation. The final 
LTSP will be submitted to the NRC for acceptance after their concerns and 
those of the Navajo Nation have been addressed, and after the NRC has 
concurred in the DOE•s certification of completion of remedial action and 
custody of the RRM and the disposal site has.been transferred to the DOE. 

••• 

For the disposal site at Mexican Hat where the RRM is to be stabilized 
in place (SIP), a two-step process will be applied to 1) the NRC•s 
concurrence in the DOE 1 s certi fi cation that surface remedi a 1 action is 
completed, and 2) the licensing process. The two-step process will avoid 
de 1 ayi ng the 1 i censi ng of the di sposa 1 site so that survei 11 ance and 
monitoring under the 1 ong-term care program can begin. When any groundwater • 
restoration activities that may be required have been addressed, the NRC·..=::. 
will then concur in the second phase of the DOE•s certification and the 
second, and final, phase of the license will be in effect for this SIP site. 

When the NRC concurs that all groundwater restoration activities have 
been addressed at the Mexican Hat disposal site, the need to modify the LTSP 
will be assessed and reported to the NRC. 

8.3 THE LONG-TERM CARE PROGRAM 

8.3.1 Baseline conditions 

The LTSP will describe the final site as-built conditions. It 
will contain a summary of the disposal cell design and a description 
of baseline conditions, including groundwater characterization. In 
addition to the site as-built drawings, aerial photographs will be 
taken to visually record base 1 i ne conditions. These photographs 
also will be used to supplement the site inspections to identify 
changes in site conditions (e.g., patterns of developing erosion 
that may affect the function of the disposal cell design). If 
potential problems are identified over time, additional aerial 
photographs will be taken to aid in the determination of the long
term effect of the problem. 
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8.3.2 Groundwater monitoring 

The need for groundwater monitoring is i denti fi ed and described 
in the RAP. The LTSP will provide a summary of the groundwater pro
tection strategy identified in the RAP. The LTSP also will include 
the following: 

o A summary of the hydrogeologic conditions, including back
ground and baseline groundwater conditions. 

o The i denti fi cation of hazardous constituents to be monitored, 
their established concentration limits, and excursion 
criteria. 

o The seep monitoring network, including the number and 
location of the seeps. Site· surveyed coordinates and ground 
elevations will be kept in the permanent site file to be used 
by GJPO in long-term surveillance •. 

o Seep water quality and water flow data summaries. Reference 
to the camp 1 ete reports on groundwater qua 1 i ty wi 11 be 
provided. 

o The frequency and extent of the groundwater monitoring. 
program • 

8.3.3 Site inspections 

The most effective way of ensuring that the disposal cell is 
functioning as designed is by conducting on-site i nspe·cti ens. The 
primary objective of the site inspection is to record any changes or~ 
modifications to the disposal cell and disposal site over time and 
identify potential problems at an early stage prior to the need for 
extensive maintenance, repairs, or corrective action. 

Scheduled inspections 

Site inspections will be conducted annually for the first five 
years a-fter the site is licensed. At the end of this five-year 
period, the DOE will review all inspection reports, as well as any 
maintenance or· corrective action reports. If a determination is 
made that 1 ess frequent i nspecti ens are required, the DOE will 
modify the LTSP and submit it to the NRC for acceptance. The Navajo 
Nation also will receive a copy for review. 

Follow-up inspections· 

Follow-up inspections are a second level of inspection to 
investigate and further quantify specific site problems detected 
during a scheduled inspection. A follow-up insp~ction could be 
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required to evaluate the need for custodial maintenance, repair, or~ __ ~ 
corrective action. These inspections will be conducted by technical · 
specialists in the discipline appropriate to a reported problem. 
Based on the recommendations from this inspection, a program of 
evaluative monitoring may be recommended, or a corrective action 
program may be initiated. 

At the conclusion of the follow-up inspection, an inspection/ 
preliminary inspection report will be submitted to the NRC within 60 
days of the initial report of the problem. The DOE also will pro
vide copies of these reports to the Navajo Nation within the 60-day 
time frame. 

Contingency inspections 

Contingency inspections are unscheduled inspections ordered by 
the DOE when it receives outside information indicating that the 
disposal site integrity has been threatened. This inspection could 
be triggered by unusual events such as a report of severe vandalism, 
continuing intrusion by livestock, or a report of an extreme natural 
event such as flooding or, possibly, an earthquake. 

The procedures for conducting a contingency inspection, as well 
as the reporting requj,rements, are the same as those for a fa 11 ow-up 
inspection. · 1 ~--- ~ 

To ensure that the DOE is notified promptly of unusual or 
extreme events, the DOE will implement the contingency plans and 
reporting procedures with appropriate state, local, and Federal 
agencies (e.g., the National Weather Serv-ice and the Earthquake 
Information Center) when the LTSP is under preparation. 

8.3~4 Custodial maintenance or repair 

The need for custodial activities can be determined only during 
the site inspection. It ts anticipated that custodial maintenance 
or repair would be limited to fence or sign repair or weed control. 
The final LTSP will identify any planned custodial activities that 
may be required, the timing and frequency with which they will be 
performed, and the manner in which the work will be authorized. 

8.3.5 Corrective action 

The need for corrective action will be defined by the nature 
and magnitude of the problem and its effect on the disposal cell •s 
ability to· comply with the EPA standards. If the need for correc
tive action is indicated, the DOE will initiate a program to 
identify the factors that caused the problem and to determine the 
best course of action for correcting the problem and ensuring that ~ 
its recurrence is precluded. 
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Once a potential problem is identified, the DOE will notify the 
NRC and will submit an inspection/preliminary assessment report to 
the NRC for review within 60 days of the report of the problem .. 
After NRC review, the DOE will develop a corrective action program 
for NRC approval. Copies of these reports will be provided to the 
Navajo Nation for review. Once the NRC has approved the corrective 
action, the plan will be implemented by the DOE. 

If an excursion is identified during the groundwater monitoring 
program, 40 CFR 192.02(c) requires that corrective action be imple-
mented within 18 months of verification of the excursion. · 

8.3.6 Reporting and record keeping 

The DOE will prepare a report to the NRC that provides the 
results of scheduled inspections, groundwater monitoring results, 
and the results of any unscheduled inspections, repairs, or 
corrective actions that may have been required at the disposal site. 
This report wi 11 be prepared annua 11y, in accordance with the 
requirements of 10 CFR 40. A copy of this report a 1 so will be 
provided to the Navajo Nation. 

The DOE wi 11 maintain complete records and. supporting docu- . 
mentation in pennanent site fi 1 es. The reports, records, and .. 
supporting documentation will: 1) demonstrate that the license 
provisions continue to be met; 2) provide the DOE and NRC infor
mation necessary to forecast future survei 11 ance and monitoring; and .. 
3) provide infonnation to the public to demonstrate that site· 
integrity is being maintained • 
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1. SUMMARY 

UMTRA PROJECT 
MEXICAN HAT/MONUMENT VALLEY 

REMEDIAL ACTION COMPLETED DURING 
PHASE I AND PHASE II SUBCONTRACTS 

APPENDIX A 

This appendix, which consists of two volumes, contains additional information 
pertaining to the remedial activities that were completed at the Mexican Hat site 
during the Phase I and Phase II Subcontracts. Following is a brief description 
of the contents of this appendix. 

A. 

B. 

Site Investigation for Demolition Design at Mexican Hat. Utah 

o This report, dated October 28 and 29, 1986, was originally included 
in the Phase I Information for Bidders. It includes an industrial 
hygiene report, radiological report, location map, description of the 
physical structure, and a photograph of each item to be demolished. 

o The demolition and stockpiling of the structures at Mexican Hat was 
completed during the Phase I Subcontract. Therefore, this report was 
not inc 1 uded with the Phase II and Comp 1 et ion Subcontracts. The 
demolition debris was placed in the tailings embankment during the 
Phase II Subcontract. 

Subsurface Information 

o This section includes a boring location plan for the Mexican Hat Site 
along with data and analytical results for various borings, piezocones 
and test pits at the site. This information was originally included 
in the Phase II Information for Bidders. 
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c. 

o The subsurface information contained in this section was for the upper 
tailings pile. This information was exc 1 uded from the Camp 1 et ion 
Subcontract Information for Bidders because the upper tailings pile 
was removed during the Phase I I Subcontract. A 11 other boring, 
piezocone and test pit information is included in the Information for 
Bidders for the Completion Subcontract. 

Information on wells that were sealed or removed during the Phase II 
subcontract and the corresponding well data were not included in the 
supporting documents for the Completion Subcontract. 

Radiological Characterization of 'the Mexican Hat. Utah. Uranium Mill 
Tailings Remedial Action Sites. January 1985 

o This report was originally included in both the Phase I and Phase II 
Subcontract Information for Bidders. 

o · The _information in this section was obtained from the Bendix report, 
and contains mostly off-pile sampling data along with some minor on
pile sampling data. 

o This section is not included in the Completion Subcontract Information 
for Bidders. It has been replaced with sampling and testing data for 
the disposal cell that was obtained during Phase II remedial action. 
(See "Sampling and Testing for Site Cell Radiological Characterization 
During Constructiqn," in the Information for Bidders for the 
Completion Subcontract.) 

D. Topographic Maps 

Three topographic maps of the Mexican Hat site are included in this section. 

o 1982 Contour Lines - Before any remedial action was performed. 
· o 1990 Contour Lines - After the completion of both Phase I and Phase 

II remedial action. 
o 1982 and 1990 Contour Lines - Superimposed. 
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I E. Calculations 

Jl The following calculations are included in Volume II of Appendix A. 
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1. Upper Ta111ngs Excavat1on CMKES Calc. 9-226-03-00) 

o This calculation, which was originally included in the supporting 
documents for the Phase II Subcontract, estimated the volume of 
contaminated material in the upper tailings pile to be excavated 
as 833,010 cy. 

o During Phase II Remedial Action, all of the upper tailings were 
removed. Therefore, this ca 1 cu 1 at ion is not inc 1 uded in the 
supporting documents for the Completion Subcontract. 

2. Contam1 nated Materia 1 Excavation - Wi ndb 1 own and Waterborne Excavat; on 
Quant1t1es {MKES Calc. 9-226-02-01) 

o This calculation, which was originalJy included in the supporting 
documents for the Phase II Subcontract, estimated the excavation 
quantity of wi ndb 1 own contaminated materia 1 to be 191,000 cy, 
waterborne contaminated material to be 22,900 cy, and tailings 
adjacent to the lower pile to be 52,600 cy at the Mexican ~at 

site. 

o Since most of the off-pile contaminated material at Mexican Hat 
was excavated and placed in the pile during the Phase II remedial 
action, this calculation has been superseded by MKES Calc. 9-419-
01-00, Contaminated Material Excavation at Hat Site, which 
estimates the remaining quantities of windblown/waterborne 
contamination. Calculation 9-419-01-00 is included in the 
supporting documents for the Completion Subcontract. 

3. Embankment Design - P1ezocone Interpretat1on CMKES Calc. 9-239-11-00l 

o This calculation was originally included in the supporting 
documents for both the Phase I and Phase II Subcontracts. 

F:\UMTRA\{APA},WORKC.OM.H/M -.. 
~ ' . . .. ·' . . ' .... A - 3 3885-H/M~R...,o ~-;-023 7 4-0.0 · 

. 080~91: ·; 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 

4. 

o The purpose of this calculation was to check and verify the 
Mexican Hat piezocone data interpretation provided by the UMTRA 
Technical Assistance Contractor. 

o This calculation is not included in the supporting documents for 
the Completion Subcontract because the subsurface conditions of 
the 1 ower tailings have changed due to the remed i a 1 action 
completed during Phase II. 

Site Drainage - North Ditch CMKES Calc. 9-228-03-0ll 

o Thi.s calculation, which was originally included in the 
supporting documents for the Phase II Subcontract, defined the 
configuration of the North Ditch (located on the north side of 
the tailings embankment). 

o This calculation is not included in the supporting documents for 
the Completion Subcontract because the North Ditch was completed, 
except for the outlet, during the Phase II Remedial Action. The 
outlet has been redesigned for the Completion Subcontract. The 
estimated quantity of work remaining on the North Ditch and a 
description of the new outlet configuration can be found in MKES 
Calc. 9-423-03-00, Earthwork Quantity - North Ditch, included in. 
the Completion package. 

5. Site Drainage - West Ditch CMKES Calc. 9-228-02-02) 

o This calculation, which was originally included in the supporting 
documents for the Phase II Subcontract, defined the configuration 
of the West Ditch (located on the west side of the tailings 
embankment) and computed the D50 riprap size for the erosion 
protection along the ditch. 

o This calculation is not included in the supporting documents for 
the Completion Subcontract because the excavation for the West 

F:\UMTRA\(APA)WORKCOM.H/M A - 4 3885-H/M-R-01-02374-00 
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Ditch has been nearly completed, except for the outlet area which 
has been revised. For a quantity estimate of the work remaining 
and a description of the new outlet configuration, see MKES Calc. 
9-423-02-00, Cut/Fill Quantities - West Ditch, included in the 
Completion Subcontract package. 
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SCALE HOUSE 

Building is 10' x 12' x 12' h at the roof peak. It is a metal ribbed building 
and sits on a slab approximately 8 inches thick. The windows have all been 
broken out. Wiring has been disconnected and most of it has been removed. 
There is gas service to this building but cannot determine if the line has 
been abandoned. There is a manhole on the west side of the building, type 
unknown, and a 3' x 6' x 6'' slab at the entry way on the north end of the 
structure. 

• 
SCALE PIT 

The scale pit structure is approximately 48' long x 12' ~ide. There are 
12' x 12' x 1' thick slabs on each end of the pit. The pit itself is 
constructed with 8 inch walls. We assume the pit is 8 to 10 feet deep and has 
been filled in. There are also five each concrete guardposts surrounding the 
scale pit area. They are approximately 6 inches in diameter and are about 4 
feet above grade. 
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CONCRETE FOtr.IDATION (East of Scale House) 

40
1
------

:z......,. __ 

The concrete foundation is on grade. It is approximately 40' x 120' and we 
have assumed a thickness of 1 foot. 
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CONCRETE FOUNDATION EAST END OF SITE 

There is a concrete structure on the east side of the buildings area. It is 
approximately 200' x 100' and is split level. It appears that the foundation 
walls are of reenforced concrete and are about 5 feet high. There is a slab 
on the south half of the structure, which is probably 6 to 8 inches in 
thickness. There is no apparent slab on the northern half. No foundation 
walls could be loc~ted on the east side, however, a good deal of this 
structure is covered with earth that has been bulldozed up from the eastern 
side •. It appears that part of the north end has been demolished, as chunks of 
reenforced foundations are partially buried in an earthen pile just north of 
the foundation. 
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FOUNDATION JUST EAST OF THE FOUR STORAGE TANKS 

The foundation is approximately 100' x 342'. The foundation walls are 
typically 8 .. x 4' high. Slab thickness varies, with the majority being 4 to 6 
inches. In walking over the foundation, a small area sounds hollow, 
indicating a supported slab or that the fill has settled underneath. The 
foundation walls in some areas are lined with corrugated metal panels. On the 
east side, the foundation also includes Concrete Masonary Units. The steel 
columns have been burned off at slab level. We assume that there are concrete 
piers on spread footings under the slab that support the columns. The columns 
indicate.two bays from east to west. The first bay is 60 feet wide and the 
second bay is 30 feet wide. Columns run every 20 feet center to center from 
north to south. 

Detail No. 1 

This area appears to be for tank storage. The surface area is approximately 
65' x 30'. There is a concrete stairwell in the southeast corner. The 
foundation walls are 8'' wide by 2-3' high and are on the north, east and south 
sides. Based on the types of foundations in this pit, we have assumed the 
slab thickness to be one foot. There are two each 10 foot diameter concrete 
tank foundations, probably .18 inches to two feet thick, miscellaneous piers, 
pedestals and tank saddles. Also, there is a storage tank that is 6 feet in 
diameter by 4 feet high.·· The tank is supported by miscellaneous metal legs. 

Detail No. 2 

There is an equipment foundation located in the southwest quadrant of the 
slab. This foundation is 2 feet wide by 10 feet long with eight sleeved 
anchor bolts. The foundation sits 2 feet above the slab. Judging from the 
size of the anchor bolts, we have assumed this concrete to be 6 feet thick. 
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CRUSHER BLDG. & STRUCTURES TO THE SOUTH 

Detail No. 1 - Crusher Bldg. 

The crusher building is on a concrete foundation, we assume with foundation 
.walls and a one foot thick slab. It is approximately 100' x 42' with the roof 
peak being about 20 feet high. The building is comprised of light structural 
steel. The largest column appears to be a w 12 x 35. The siding material is 
corrugated metal. Roof framing is light structural members with the skin 
removed .• The window glass has all ~een broken out. The pit on the east side 
of the building slopes from grade just outside the building to about 10 feet 
deep in the center. Small light structural frames the building at the pit 
entrance. Electrical service has been severed and much of the wire has been 
removed. There are still some large overhead light fixtures in the room on 
the north end of the building. In the center of the building is a heavy 
concrete equipment foundation that stands about 10 feet above the slab on 
grade. There are three miscellaneous footings outside and just south of the 
structure. 

Detail No. 2 - Shaft 

The shaft is located 75 to 100 feet directly south of the Crusher Building. 
The opening to the shaft faces north and is 9' wide by 8' high with one foot 
thick walls. The structure is on an incline and runs 140 feet into the 
ground. We estimate that the bottc~ of the shaft is about 20 feet below 
grade. The bottom of the shaft runs into a earthen wall. We do not know if 
the shaft ends at this point or if it has been sealed to prevent further entry. 

Detail No. 3 - Miscellaneous Foundation 

The foundation is located approximately 75 feet directly south of the shaft. 
The overall dimensions are 30' by 42'. The structure appears to be 
constructed of 15 inch thick foundation walls that are approximately four feet 
high. There are two slabs which are considered to be one foot thick as shown 
in the detail. The rest of the st~ucture interior has been backfilled to 
grade. 

• 
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URANIUM STORAGE TANKS 

The foundation for the storage tanks consists of a 5" x 2-2 1/2' foundation 
wall with column piers. The piers are 1.5' square and support the W8 x 40 
columns. The beams and girders that support the tanks are W24 and W28 
sections. Various smaller miscellaneous metal sections provide lateral 
bracing. All connections are bolted. 

The tanks (four each) are constructed of 3/8" metal plate and are 20 feet in 
diameter. A steel stairway in the northeast corner accesses the top of the 
tanks. An area of 25' x 120', consisting of 1/4" checkered plated covers the 
top of the tanks. There are two access hatches for each tagk. One hatch is 
in the center and appears· to be for filling, the other is on the north side 
and has ladder access to the bottom of each tank. The tanks also have a 
hopper type bottom for dispensing the contents. The tanks are presently empty. 

Between the tanks and the crusher building are eight 1.5' x 1.5' concrete 
piers. They are on a 6 foot gage and approximately 50 feet on center. They 
appear to be supports for a conveyor tower that once carried material from the 
crusher to the tanks. The conveyor tower is no longer present. 
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SHEET METAL BUILDING AREA 

The sheet metal shop is a occupied structure. The sign in front reads 
Property of the U.S. Government. The building itself is 60' x 40', a 
pre-engineered metal building. It is about 12 feet high at the eaves and 20 
feet high at the peak. There is gas service and a water well located at the 
west entrance to the building. There is a manhole just east of the shop, a 
4'x 5' sump off the northwest corner and a 15' x 18' x 6'' slab off the 
southwest corner. 

To the northwest of the sheet metal shop is a four inch slab that is 
65' long x 35' wide. Also, north of the sheet metal shop is the diesel fuel 
storage tank foundation and earthen berm. 

3788C 



. . -~ . : 

r-~.' ....... , 
I \ l Sheet Metal Shop - Looking North J: .. :· 

(-~---· . ~-· ·-

! Slab West of S.M. Shop 
I 

i 

: .:~ ..... 
.... ~.~- .. ... 

! 

-I 
I 
I 
I 
I 
I 
I 
I 
-I 
I 
I 
I 
I 
I 
-.I 

I 
::1 

I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

r 
l 
i 

.. ___ ;.....o..o;...·-----

: Manhole West of S.M. Shop 
1 

\ -
• ! 
I' 
~ 
t 

r 
t 
t 

~ -------------·-~- _,. 

.·. ·.· .. 
·-- .: ~ . 

. ----·· :. 

- . . . - -... .: - . - . --. -·· . . .. -·. . . - ..... . . . . . . . · .. ~-~· : .... : . 
~ -~ . 

...... 
- .... : ..... . 



I· 
I 

. . .. __ . .. Ger.:?.rc / lc'/c'-!-1-: ~/:""-! f!''!/o / l3"' / ~';) ,4-.,a- _ _ _ _. _ _

1 _.....,....P""'f""'""r-o:r---::a_ --~ '.iwhL_ - ------- --

- ·- ---·--- --·-

--·---·- ··- ·- -· 

-- -·-- ------
--· ---·-- .. - _____ ____. 

·-- --·-

~5 I 

I 

4 1 c= I 
J(..,. 

-- -· __j_::;;oMP 

D - -----

-----1~ 
14

1¢ ~ j I·-
. cor.c. ::Ja61 
·-. --------- . 

--:-- --- - --- -- -----------. 
.. -- ·- ------ --------- - ----- ---·------

~o' 

. t 
- -. _4q' 

. ----------------- ----

~ 

-~---·-~A~......__:>---

. _,!,/. 
. C:er-~-~E!7,L CH=~ ~~. ~~ . ···1 0 ll 

-------1-
---- ------ -

... -----1----- _______ _ _ . ____ 1a5 .sarvu.Jt- __ 

0 
A 

-·--·-- ·- ·-- -- -~.- ·-· . ._/__ ~- ~~~' 
--- -- ---·-- ·- I ·· - · I ...... ,e· ....,.··.. - -

_, 
'· 

· lo" '5foh -------- --------·-r 
- --- .... --- ·--- .. ·--

---------------- ______ .. _________ wo/r:.r wd.l ____ -~~_!:(_~lob ·-I 
--------. --------------------. - - - --· 

---- -- --- ... - ---- . . --- --- . --- ---- ··-

--------- ···---

·- --- -- - ·-··. . -·- . -- . - --- -- . 

------ . --- ------- ·- - ---- -- .. ·- -·-- ---.· 
----- --· --:"'·-::-.----. - ---·· ··----- -·-·. -----· -

-- ---------------

--- ---- ------. -· --- . 

---. ---- --------------------------

------- --- -·-- -------·· ,.------l 
. 

. --------·-··----~ 

-- ----· . ---- -- --------·- ---------

--.---·-·- -·-··········- -------------·--------1-

----------------

.. ··- --------- ···----· --·----- ·r 
-. . .. -- -- ---- -- -------- -- -- --·- ------ --- ------I 

-- ----- --------- ---- - -·------ -- -------

.. - --------- . 

. --------1 
.. I 



I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 

SUBSTATION 

The substation areas consists of an on line substation approximately 60' x 
40'. To the east is the foundation for and a diesel generator. The entire 
diesel generator pad is 70' x 45' and is built on 8 .. wide x 2' high foundation 
walls. The first ten feet of slab east of the substation is 8 inches thick 
and appears to be covering a ten foot deep pit. The remaining 60 feet of slab 
is on fill and is four inches in thickness. On the east end of the slab is 
the diesel generator and foundation. The foundation is of reenforced concrete 
and is 12' x 30' x 4' thick. 

The diesel storage tank foundation is a concrete slab 14' diameter by 1' 
thick. The slab is surrounded by an earthen berm approximately 25 feet square 
and 2 feet high. The storage tank has been removed. 
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TRADE SCHOOL AND WAREHOUSE FOUNDATION 

The trade school slab is constructed of 8 inch foundation walls, approximately 
2' - 3' deep. The slab is probably six inches thick. The entire slab is 60' 
wide x 200' long. Along the east side of the building is a pile of junk which 
appears to be demolished building materials. 

About 150 feet west of the trade school is a loading dock slab approximately 
20' x 20'. The slab is four inches thick. Just west of the slab is a 
retaining wall constructed of rough timber and it is approximately 3 l/2 feet 
high. 
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SECL~ITY BUILDING & MISCELLANEOUS SLAB 

The security building is a one story brick structure approximately 30' x 20'. 
Three of the walls are still standing and the roof is gone. The slab is 4 
inches thick. 

South of the security building and 50 feet to 75 feet off the southeast corner 
of the trade school is a yard slab 25' x 45' x 4" thick. 

• 
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SULFUR STORAGE TANK AND BIN 

The sulfur storage tank is constructed on a two feet thick foundation slab. 
There are four concrete support walls, one inch foot with structural steel 
beams bearing on the walls and supporting the tank. 

The tank itself is 18 feet in diameter by 22 feet high. It is of double wall 
steel construction and we suspect that the inbetween material is asbestos. 

The steel bin is just south of the sulfur tank. It has one foot thick 
concrete-walls, approxi~ately three feet high and is covered with steel 
hatches. The concrete walls inside are brick lined and a limited amount of 
small bore pipe was observed. 
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SULFUR FURNACE AND TANK 

The sulfur furnace is a 10 foot in diameter brick and asbestos lined unit that 
is 25 feet in length. It sits on five concrete piers which are 1.5' wide x 
10' long and is supported by five steel saddles. 

The two acid tanks are 8 feet in diameter by 22 feet high. They sit on a four 
legged concrete foundation which is 12 feet tall. The legs on the concrete 
support are 16 inches square. 

Another sulfur storage tank and foundation are just south of the acid tanks. 
The storage tank is 10 feet in diameter by 8 feet high and sits on two 
concrete grade beams and structural !-beams. The foundation is 12' x 18' with 
8 inch foundation walls. The height of these walls is assumed to be three 
feet. There are three minor equipment pedestals on six inch slab. 
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GRADE BEAMS AND MISCELLANEOUS FOUNDATIONS 

The grade beams and foundation are located approximately 20 feet east of the 
sulfur storage tank and steel bin. There are ten grade beams which are 7" x 
12" and they are spaced at about five feet. There is a corrugated metal shed 
on four inch concrete walls in the northeast corner. The building is 
approximately 8' x 6'x 10' high. 

Just south of the grade beams is a foundation with eight inch walls that are 
about 2 feet high. Inside the walls are nine piers, which are 1.5~ x 1'. 
There is·also a sump that is approximately 5' x 5' with eight inch walls and 
eight feet deep. 
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An additional walk down was performed in the tailings pile itself. It appears 
that the tailings were used as a berm to contain contaminated water in an 
upper·(west) and lower (east) pond. 

Between the two ponds is a dilapidated wooden water pipeline that runs from 
south to north. It is approximately 10 inches in diameter, wound spirally 
with wire and is supported by wooden H-frame structures. 

At the low point in the upper pond, there is a 10' x 10' concrete overflow 
structure used to distribute excess water to the lower pond. A drain line 
opening was observed in the lower pond which we assume runs from this drain 
structure • . . . 

. -... . . .·· 
There is also a similar structure located in the lower pond. Although no 
drain line was observed, the presence of tailings material in the arroyo to 
the northeast might indicate that overflow from the lower pond may have been 
.di.scharged into this area. · 

.... _, .. 

The tailings berm itself was eroded in many areas, perhaps by rain water or 
wind, and tailings were observed in the low laying areas outside of the 
containment dike. These areas need to be looked at for inclusion in the 
remedial action process. 
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lO: 

LOCATION: 

SUBJECT: 

.~ ... 

- .. 

. •,· 

~MK-FERGUSON COMPANY ~A MORRISON KNUDSEN COMPANY 

INTER-OFFICE CORRESPONDENCE 

DATE: January 3, l98J, 

Jerry Lyons \..f'f-y-· Rob Cooney 
FROM: 

Albuquerque Office 
LOCimON: Albuquerque, NM-3050 

Mexican Hat Narrative 

The Industrial Hygiene portion of Mexican Hat has been completed, as far 
as the initial report. 

1. In the original characterization study, identified asbestos was 
found to actually be deteriorated fiberglass insulation. 
However, lab analysis has confirmed the presence of Amosite, 
very friable asbestos between the double walls of both sulfur 
storage tanks. There· are also approximately 200' linear feet 
of piping containing asbestos insulation. 

2. 

3. 

Yellow material on the ground which originally was thought to 
be yellow-cake is solidified sulfur. 

Sulfuric reactor tanks, (both units) are partially full of 
sulfuric sludge muds. 

4. Potential of PCB's in transformers on power poles~ 

Hazards to be aware of during the Mexican Hat project. 

I 
I 
I 
I 
I 
I 
I 
I 
I· 
I 
I 

1) Presence of asbestos fibres. II 
Sulfuric muds may cause mild burns.if contacted with water. 2) 

3) Precautions during excavation for noise and dust. 

4) Caution when working near existing power lines. 

JLL/mjs 

cc: Marv Henderson 
J.G. Oldham 
Bob Stearns 
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t ~MK-FERGUSON COMPANY 
~A MORRISON KNUDSEN COMPANY 

INTER-OFFICE CORRESPONDENCE 

Rob Cooney 
TO: 

Albuquerque, NM-3050 
LOCATION 

Mexican Hat Lab Analysis 
SUBJECT: 

DATE: 

FROM: 

November 14, 1986 

Jerry Lyons ~ 
Albuquerque, NM-3050 

LOCATION: 

~ttached, please find written lab analysis confirming asbestos from 
samples taken at Sulfur Storage. 

The form is Amosite, very friable. 

··other samples are no large concern, being sulfuric sludge muds, 
solidified sulfur and stagnant water from the pit below processed mill 
product tanks. 

JLL/mjs 

cc; J.G. Oldham 
M.W. Henderson 
Bob Stearns 
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.. 
NATIONAL STEEL AND SHIPBUILDING COMPANY 

INTER-DEPARTMENT MEMO 

Date t(p~ 
Dept. 

Subject: Bulk Analysis Report .1ob No.353 

From:<f'.--, ~~ Dept. 46 

The following samples submitted from.~~~~ff.-·-----------------------

~ere analyzed using standard polarizing light microscopy 

·.di'spersion staining techniques with the results as follows: 

Sarn-:Jle Date Sample Location Result 

-·~··1 ----~ 
; • • •• .J .: ... • • .': : :_; 
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~ MK-FERGUSON COMPANY ~A MORRISON KNUDSEN COMPANY 

INTER-OFFICE CORRESPONDENCE 

DATE: 

Marv Henderson 
Octo~er 30, 1~6 , 

Jerry Lyons ~ FROM: 

Albuquerque Office 
Albuquerque, NM-3050 LOCATION: 

Mexican Hat Industrial Hygiene Survey 

.. 
On October 28-29, 1986, myself, Rob Cooney, Mark Thomson and Carl 
Begley, Chern Nuclear traveled to Mexican Hat to do an evaluation for 
the upcoming project. Findings of the evaluation are indicated 
below: 

0049M 

1. 4 large elevated tanks contain hoppers on the bottom which 
are open. No material is contained within the tanks. 

Slight radiation readings were found by Chern Nuclear on 
interior framework, and is suspected that the tanks were 
used to store finished milled product. 

2. Sulfuric Reactors 

3. 

A. 2 units, a pri~ary and secondary reactor, 
approxi~ately 8-10' above ground on steel· platfo~s. 

B. Units are totally enclosed, except for opened bungs 
on the lo~er portions. 

C. Opened bungs indicate presence of solidified sulfuric 
sludge muds. 

D. Hazard would be primarily a reaction if contacted 
with water- minimal burns could-occur if contact was 
made with sludge muds and not washed off soon. 

Ground Level Tanks by Sulfuric Reactors 

A. 2 tanks, approximately 12-14' high and 10' in 
diameter .. 

B. Appear to -have been used for sulfur heating and 
storage. · 

C. Tanks are double walled and appear to have an 
insulation barrier of asbestos material. (Samples & 
photo obtained) h-

D. All tanks in the sulfuric area should be treated as 
containing asbestos. 

E. Hazards present would be from release of asbestos 
fibres. 
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4. There is approximately 200 linear feet of p~p~ng in the 
general sulfuric plant area that appears to contain 
asbestos insulation. 

S. The original report indicated presence of asbestos 
material on the ground. However, the majority of the 
ground material appears to be weathered and corroded 
fiberglass insulation. 

6. Diesel Generator. 

A. No hazard identified with generatqr. 

B. There is a small transformer packet on the ground 
next to the diesel generator which could contain PCB 
material and should be treated accordingly. 

7. Tailings Ponds. 

A. Several areas are apparent where dike failure had 
occured, causing spillage several hundred feet onto 
lower plains. 

B. Chem-Nuclear readings show wind blown radiological 
contamination in all directions from the tailings 
area. 

Conclusion: 

Yellow material on the grounds of the sulfuric area appear to be 
solidified sulfur. Samples were obtained, and no radiological 
readings of the product were detected. 

Asbestos as originally reported in the sulfuric-area appears to be 
fiberglass insulation in a deteriorated state. 

.• 
Asbestos insulation is suspected between double walls of sulfur 
storage tanks, and on approximately 200' linear feet of piping'. 
Ideally, tanks would be filled with sand or gravel and buried intact 
in tailings pile. Cutting and dismantling could create high fibrous 
asbestos release. 

Photos and sampling of all above info~ation were obtained. Lab 
analysis of suspected asbestos material will be provided-on 
completion. 

.JLL/mjs 

xc: .Jim Oldham 
Bob Stearns 
Rob Cooney 
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Survey of Existing Structures at 
Mexican Hat for Surface Contamination 

A radiological survey of existing structures not previously surveyed at· 
Mexican Hat was conducted on October 28 and 29, 1986. Portable instrument 
surveys were conducted using a Ludlum 2220 and 44-40 (~ .)S, Y>. Smears were 
collected at all instrument reading locations and in some areas where access 
was too difficult to get instrument readings (inside the large storage tanks)~· 

The only significant portable instrument readings were noted in the gates of 
the storage tanks and on the firebrick in the north end of the sulfur heat 
exchanger. Elevated smear results were noted inside the storage tanks and on 
the firebrick in the north end of the heat exchanger. Swipe numbers and 
instrument survey numbers correspond to the same locations. 

The contamination inside the large storage tanks appears to be dust residue 
from ore storage. It may be possible to decontaminate the tanks economically 
by high pressure washing. 

Portable instrument counts greater than 100 per 0.5 minutes represent values 
greater than permissible for unrestricted release. This is based upon an 
average background of 100 cpm and a cut off count rate of 100 cpm above 
background (memo from Jim Purvis regarding contamination release limits, dated 
12-5-86). 

Removable activity~greater than 600 dpm/100 cm2 are a1so above the 
applicable release limits. A note of caution - the interior smear survey of 
the large storage tanks was very limited due to access. It would be 
reasonable to assume that higher activity smears could be collected with 
better access. 

Note: Any of the existing structures that are desired to be used for any 
purposes will have to be cleaned out. Contaminated windblown material is 
present on all structure's slabs. ' 
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PORTABLE INSTRUMENT SURVEY 

LOCATION 

Sulfur Heat Exchanger 

01 H. End Firebrick Interior 
112 U. End Ketal Interior 
113 Exterior - HE Side 
fl4 Duplicate Swipe Location of fl3 
fJS Exterior - SE Side 
fJ6 Duplicate Swipe Location of tiS 
fl7 S. End Ketal Interior 
fl8 H. End Firebrick Interior - Hot Spot 

08 Sulfur Storage Tank* 

fll H. Side 
02 E. Side 
03 s. Side 
04 w. Side 

05 Sulfur Storage Tank 

fll H. Side 
fl2 E. Side 
il3 s. Side 
04 w. Side 

Large Ore Storage Tanks (Taken at Bottom Gates) 

Tank Ill 
Tank 112. 
Tank 113 
Tank 114 

*See Map for Numbered Tank Locations 

• .. 

.. , 
4015C 

COUNTS/0.5 min. 

129 
55 
44 

40 

34 
480 

28 
30 
35 
31 

33 
24 
30 
31 

571 
969 
880 
295 
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I 
I SMEAR DATA 

I' LOCATION DPM/100 cm2 

I 
Ore Storage Tanks 

01 Interior 397 
01 Bottom Gate 31.3 

I 02 Interior 66S 
02 Bottom Gate 12.7 
03 Interior 87.8 

I 03 Bottom Gate 12.S 
14 Interior 79.6 
04 'Bottom Gate 21.3 

I 08 Sulfur Storage Tank 

f)l 1.0 

I 02 1.3 
03 2.1 
04 .( 0.7 

I OS Sulfur Storage Tank 

I 
01 < 0. 7 
02 3.S 
03 4.6 
114 1.3 

I Sulfur Heat Exchanger 

I Ill 148 
112 ( 0. 7 
113 ( 0.7 

I 
114 ( 0.7 
OS i.. 0. 7 
06 < 0.7 
07 21.1 .... 

I fiB ( 0. 7 
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TO: Jim W~l7.j ~tms ~ . 
· 9 ;' ..p_ /)Af.1P · T· 
J~ PUrvis/Marv Henderson FROM: 

SUBJECT: Mexican Hat Buildings 

R~FERENCE: IOC Wathen to Oldham 
5025-HAT-I-01-00192-00 

DATE: Apt"il 16, 1986 
HS-040-04-86 

LOCA~ION: Albuquerque 

LOCATION: Albuquerque 

·RESPONSE DUE: H/A 

An evaluation of the subject buildings was conducted by Rich Richey, DOE and 
Ma~v Henderson, MKF on Ap~il 9, 1986.· A limited removable radiological 
contamination su~vey was conducted by Jim Pu~vis on the same date. The 
conditions are as follow: 

There are only two buildings left standing. One of these is the sheet metal 
shop and the othe~ is a larger metal building just southwest of the sheet 
melal shop. The la~ge~ building is really dete~io~ated and looks vandalized. 
The radiological swipe survey also indicates that this building is 
contaminated. The costs to salvage this building would p~obably exceed its 
wo~Lh. ~ 

The sheet metal shop has been st~ipped of elect~ical w1~1ng but is still 
somewhat secu~e. The removable radiological contamination survey indicates 
that there is some ~esidual contamination. It is believed that this 
conlamination could be easily removed with wate~. It would be quite costly to 
utilize this building fo~ office space but it could be ve~y useful for sto~age 
of equipment and samples. 

Based on the above, it is our recommendation that the lar~er building be ra~ed 
and placed in the pile and that the sheet metal shop be cleaned up and used 
fo~ sto~age. 

JP/Mll/eg 

cc: B. Meye~ 
J. Oldham 
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SWIPE LOGGI~G DATA 
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I~ 
'f"' 

I~ 
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·~ 
I if p 

li -, 
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DATE TAKEN: 

APPROX. TIME 

MDA·100cm1 • tJ/5" 

INSTR. ID NO.: t u d Jo oo "? 2 Jo.< ~ J '"/.:1 "';p 5 7'7 

EFFICIENCY OF INZ:l~ 
CALCULATED BY: - / L--
BACKGROUND:tP $"" @ _;)C) MIN. 

· CALIBRATION SOURCE: 2:Jor4 11&¥1 

SWIPE LOCATION GROSS 
(CPM) 

1 /~ 
2 Lf 
'?__ 8' 
'( q 
~ 8' 

" It, 
7 ;;s-
8 ·- ::J.D 
tj l(o 

/() l/~ 
II "? 
/:l ' 13 ) 

1¥ :2 
15 Lj 

IC 3 
17 () 

li 0 
19 :2 

~0 J 
.. Jl ;J 

.22 I 

.23 0 
2'1 3 
)) ::2 

-.-. 
~ 

HP~IIA 

SHEET 

DATE· 

PROPERTY ID: 

SURVEY CREW: 

-

BACKGROUND 
(CPM) 

.25 I 
,~, 

.:2S"" 
.~s-

.25" T 

~ ;l s-
.~) 

• 2§ 

25" 
. :;5 I 

.)~ 

75 
.2) 
,J~ 

I ':2 5" 
. 7 5' 
, l s-
. 2) 

. 15 
,·'J5" 

I "2 5"" 
•. ,25 

, 2~ 
. 2 )" 
.2) 

OF PAGE 

. t.;-10-~b 

NET ACTIVITY 
(CPM) (DPM) 

//, 75- '1.. '/. () c. 
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lable 06.1 Geochem,cal analyses of Colorado State Un,vers,ty bor,ngs 

Cons t Huent b 
Sample Electdcal CaC03 

Bor,ng depth pH conduct, v, ty . so. fe ,. ~~~ Na Cl AI ~!I As Se equivalent 
Numbera (feet) (mhos/cent\meter) (percent) 

MH-200 2.5 8.1 1.8 3650 158 2660 782 323 130 812 252 4 3 10.4 
MH-200 3.0 8.0 1.8 3140 130 2500 507 118 60 178 224 4 2 21.8 
MH-200 3.5 8.1 2.0 4240 128 4260 413 161 60 675 183 4 4 19.3 
MH-200 4.0 8.0 1.9 3870 110 3380 378 69 <20 781 159 4 4 21.8 
MH-200 4.8 8.2 0.2 200 118 222 29 30 212 288 390 3 5 31i.O 
MH-200 6.0 8.6 0.1 111 84 131 21 16 <20 363 296 2 4 17.5 
MH-200 10.0 8.6 0.2 270 115 211 53 41 <20 336 191 3 4 31i.O 
MH-200 15.0 8.6 0.1 67 106 114 30 49 <20 348 138 3 4 49.8 
.,H-200 19.0 8.5 0.1 134 82 155 35 29 <20 248 224 2 3 18.7 

MH-205 5.5 8.5 0.2 113 112 167 65 35 <20 278 222 3 5 41.0 
MH-205 6.0 8.3 0.8 160 215 1460 186 50 <20 325 610 2 3 29.6 
MH-205 1.0 8.5 0.2 190 144 149 55 81 <20 306 228 3 2 36.4 
MH-205 10.0 1.9 1.1 3050 96 2110 541 268 <20 931 194 2 <1 18.0 
MH-205 12.5 8.1 0.2 300 18 105 60 29 30 609 89 1 1 11.5 
MH-205 11.0 8.4 0.1 150 67 131 44 35 20 276 237 1 <1 12.8 
MH-205 22.0 8.3 0.2 110 38 53 23 300 30. 611 45 1 3 6.1 
MH-205 25.5 8.6 O.l 155 81 130 31 36 20 211 193 13 <1 18.4 

MH-208 21.0 6.4 2.0 5070 430 5410 171 96 <20 549 72 13 <1 0.84 
MH-208 21.5 8.0 0.2 348 304 340 41 22 <20 253 211 4 6 34.4 
MH-208 30.2 8.5 0.1 90 130 131 26 24 <20 263 231 4 6 32.0 
MH-208 36.0 8.4 0.1 89 93 116 32 31 <20 260 208 2 3 31.4 
MH-208 38.0 8.1 0.2 310 14 289 91 12 <20 845 128 2 <1 9.8 
MH-208 43.0 8.6 0.1 61 119 111 32 35 <20 342 202 2 2 29.8 
MH-208 49.0 8.1 0.2 120 52 124 41 98 <20 611 103 3 <1 18.0 

aeor\ng nuMbers currently do not have DOE \dent\f\cat\on numbers; CSU bor\ng numbers represent NX rock core samples. 
bAnalys\s done by solute extract\on; values are expressed \n m\11\grams per gram of dry so\1; so4 - sulfate; fe - \ron; 

Ca - calc\u.; ~ - .agnes\wa; As - arsen\c; Se - selen\um. 
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1-u,··. :·- 1.-tA"T- zot - · 

SITE ID: HAT01 LOCATIOH I D : Ci:iili) 
GROUND WATER DEPTH: 50.0 (FT. ) AVERAGE SOIL WEIGHT: 100.0 (F'SF) 

AVG. AVG. UHD. 
- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

L Y FRDr1 TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREti OCR 
""' ..; 

1 0. 1 1 . 3 1 .2 16. 4' 0.2 0.0 1 . 0 S-SL* 5 39 30 57 1965 
2 1 . 3 4.1 2.8 7.3 0. 1 0. 1 1 . 4 SLir1 4 25 870 9.6 
3 4.2~ 8.0 3.24 22.6 0.3 0. 1 1 . 1 S-SL* 7 48 31 79 2709 
4 8.0 10. 1 2. 1 14.2 0.4 0.2 2.6 SLIM 9 50 1709 c 8 ..J. 

5 10. 1 1 1 . 1 1 . 0 24.5 0.3 0.2 1 . 4 S-SL* 8 44 31 86 2937 
6 11 . 1 12.5 1 . 4 14.3 0.4 0.2 2.7 SLIM 9 50 1718 4.2 
7 12.5 13.7 1 . 2 25.7 0.4 0.4 1 . 5 S-SL* 8 41 30 90 3086 
8 13 .. 2; 18.5 4.8 13.2 0.4 1 . 1 2.8 SL If"l 8 46 1585 2.6 
9 18 .$~ 23.3 4 .7s 30.6 0.6 0.5 1 . 9 S-SL* '10 37 29 107 3671 

10 23.3 25.2 1 . 9 18.0 0.6 1 . 4 3.2 SLIM '12 63 2164 2.0 
1 1 25 ._.3}.. 28.3 3. 1 6.2 0. 1 2.7 2. 1 SLif"l 4 22 742 0.8 
12 28.3 30.7 2.34 21.8 0.5 1 . 0 2.2 SLIM 14 76 2615 1 ·~ •'-' 

13 30.7 33.8 3. 1 11.8 0.4 6.6 3.3 SLIM 7 41 1414 1 . 0 

% THK: 35 11 . 9 25.6 0.4 0.3 1 . 5 S-SL 8 41 30 89 3071 
% THK: 64 21.5 12:7 0.3 1 . 9 2.5 SLIM 7 44 1527 3.3 



SITE ID: HAT01 LOCATIOn ID: 002 
GROUr·iD WATER DEPTH: 50.0 <FT. ) AVERAGE ·soiL WEIGHT: 100.(1 (F'SF) 

AVG. AVG. UHD. 
- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEA~' 

L Y FROf1 TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREtt OCR 

·~ 
1 0. 1 0.8 0...-7 48 .·0 0.3 -0. 1 0.7 SAND* 9 72 35 168 
2 0.8 9.8 9.,to 23.7' 0.2 0.0 0.8 S-.SL * 7 49 31 83 2845 
3 9 .__9,; 1 3 . 2 3.3'c.f 13.4 0.4 1 . 6 2.7 SL It-1 8 47 1611 4. '1 

4 13.2 17.0 3.8 30.4 0.4 0.5 1 . 2 S-SL* '10 43 30 '106 3647 
5 17 .,.1" 18.6 1 . 6 43. 1 0.3 0. 1 0.8 SAr·iD * 8 50 31 '151 
6 18.Jr .. 19.6 0 .. 9/·1! 22.2 0.4 0.2 1 . 9 S-SL 7 30 29 78 2662 
7 19.6 21.0 1 . 4 56.3 0.5 0.3 1 . 0 SAND* '11 55 32 197 

% THK: 17 3.7 49.0 0.4 0. 1 0.9 SAND 9 56 32 171 
% THK: 66 13.8 25.4 0.3 0.2 1 . 0 S-SL 7 46 31 89 3053 
% THK: 15 3.3 13.4 0.4 1 . 6 2.7 SLirv1 8 46 16 '11 4 . '1 



SITE ID: HAT01 LOCATION ID: 003 
GROUND WATER DEPTH: 50.0 (FT. ) AVERAGE SOIL WEIGHT: "1 00.0 (PSF) 

AVG. AlJG. uno. 
- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

L Y FROI1 TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 
'1./ 

1 0. 1 1 . 2 1 .x 6. 7· 0.0 -0.0 0.6 SLIM* 4 23 800 25.6 
2 1 . 2 .14. 8 13 ._B t 24.9 0.2 0. 1 1 . 0 S-SL* v--8 48 31 87 2985 
3 14.8 18. 1 3.3 

"'/ .(; 
8.8 0.3 0.3 3.4 SLIM 5 31 1057 "1 • 9 

4 18 .2.[ 20. 1 L.-9' 27.5 0.4 0.4 1 . 4 S-SL* 9 36 29 96 3302 
5 20. 1 21.0 0.9 52.8 0.4 0.2 0.7 SAr'iD* 10 53 32 185 
6 21 . 1 23.9. 2. 8'.' 27.4 0.4 0.2 1 . 5 S-SL* 9 33 29 96 3287 
7 23.9 25.8 1 . 9 4.8 0.2 0.4 4.0 SLIM 3 17 574 0.7 

% THK: 3 0.9 52.8 0.4 0 ·::> oL.. 0 .·7 SAND 10 52 32 185 
% THK: 71 18.2 25.6 0.3 0. 1 1 . 1 S-SL 8 44 31 89 3064 
% THK: 24 6.3 7.2 0.2 0.3 3. 1 SLIM 4 25 866 5.7 



SITE ID: HAT01 LOCATIOt'i ID: 004 
GROUND WATER DEPTH: 50.0 (FT.) AVERAGE SOIL WEIGHT: 100.0 (F'SF) 

AVG. AVG. UHD. 
- DEPTH -

" 
AVG. AVG. PORE FRICT. · SOIL SHEAR 

LY FROM TO THK. POINT SLEElJE PRESS. RATIO CLASS BC DEN FA ELAS. STREH OCR 
~ 

1 0. 1 2.5 2.A 17 0 3. 0 0 1 -0.0 0.6 S-SL* 5 41 30 61 'Jfl'"J -~ 
L 1b 

2 2.5 10.8 8.3 7.6 0.2 0.0 2.5 SLI~1 5 27 917 4.9 
3 1 a ...9z 14.9 4.8Y 21.7 0.4 0.3 1 0 7 S-SL 7 37 29 76 2598 
4 14.9 17.7 2.8 8.4 0.3 0.6 3.5 SLIM 5 29 1007 "1 • 9 
5 17 -~ 19.2 1 .}t.; 40.7 0.6 1 . 2 1 . 4 S-SL* 13 47 31 142 4882 

1 

% THK: 41 7.8 23.8 0.3 0.4 1 0 3 S-SL 7 40 30 83 2847 
% THK: 58 1 1 0 1 7.8 0.2 0.2 2.8 SLIM 5 27 939 4 0 "1 



SITE ID: HAT01 LOCATIOti ID: 005 
GROUHD WATER DEPTH: 50.0 <FT. ) AVERAGE SOIL lJE IGHT: 100.0 ( p~;F) 

AVG. AVG. uno. 
- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEtJE PRESS. RATIO CLASS BC DEN FA ELAS. STREti OCR 
?' 

1 0. 1 2.7 2.S 13.8 0. 1 -0.0 0.6 S-SL* 4 "35 29 48 "1661 
2 2.2 19.7 16~~·" 6.0 0.2 0. 1 ·3.9 SLIM 3 21 718 ·::. c 

L-. J 

r· 
% THK: 13 2.6 13.8 0. 1 0.0 0.6 S-SL 4 35 29 48 1660 
% THK: 86 16.9 6.0. 0.2 0. 1 3.9 SL It-·1 3 21 718 "J c 

L- • ·~· 



SITE ID: HAT01 LOCATIOt~ ID: 006 
GROUND WATER DEPTH: 50.0 (FT. ) AVERAGE SOIL LJEIGHT: 100.0 (F'SF) 

AVG. AVG. UtiD. 
- DEPTH - .. AVG. AVG. PORE FRICT. SOIL SHEAR 

L Y FROJvl TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREH OCR 

3·0 
1 0. 1 3.0 2.9 16.8. 0. 1 .-0.0 0.5 S-SL* 5 40 30 59 20'14 

2 3.0 5. 1 2. 1 6.5 0.2 -0. 1 3.0 SLIM 4 23 778 6.5 

3 5. 1 9. 1 4.0 21. e 0.2 -0.0 1 . 2 S-SL* 7 45 31 74 2520 

4 9.,_2;11.8 2. 6-:f- 12.6 0. 1 -0.0 1 . 1 s:..SL* 4 27 29 44 15 '18 

5 11 . 8 19.2 7 ./3·1 7. 1 0.2 0.5 3. 1 SLit1 4 25 857 1 . 8 

% THK: 50 9.5 17.4 0. 1 0.0 1 . 0 S-SL 5 38 30 61 2091 
% THK: 49 9.4 7.0 0.2 0.4 3. 1 SLIM 4 24 839 2.8 



SITE ID: HAT01 LOCATICHi ID: 007 
GROUUD WATER DEPTH: 50.0 (fT. ) AVERAGE SOIL WEIGHT: 100.0 (PSF) 

AVG. AVG. Uf'ID. 
- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROf1 TO THK. POIIiT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREH OCR 

1 0. 1 1 . 0 1 . 0 9.9· 0.2 0.0 2.0 SLIM 6 34 "1 '182 39.5 
2 1 . 0 3.9 2 .$'ry 15.5 0.2 0.0 1 . 2 S-SL* 5 38 30 54 "1864 
3 3.9 13~0 9. 1 7.4 0.3 -0.0 4.2 SL 11'1 4 26 8(")"7 3.8 01 

% THK: 21 2.8 15.5 0.2 0.0 1 . 2 S-SL 5 38 30 54 "1863 
% THK: 78 10. 1 7.6 0.3 0.0 4.0 SL It'1 4 26 9"16 7 ':1 •. J 

- ........ -· ........ ~ -· -· ..... - - ..... - - .. 



SITE ID: HAT01 LOCATION ID: 008 
GROUND WATER DEPTH: 50.0 (FT. ) AUERAGE SOIL WEIGHT: 100.0 (PSF) 

AVG. AVG. UHD. 
- DEPTH - " AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEti FA ELAS. STREH OCR 
'? 

1 0. 1 1 . 3 1 -~ 9.5· 0. 1 -0.0 1 . 4 SL It-·1 6 33 '1 '144 3=> 'J L o L 

2 1 . 3 . 3. 9 2.6 22.4 0.2 -0.0 1 . 0 S-SL* 7 48 31 78 2690 
3 3.9 7.2 3.3 11 . 6 0.3 -0.0 2.8 SLIM 7 41 1393 7 (") .o 

4 7 . .a· 16.3 9. 1 5. 1 0.2 -0. 1 3.3 SL It'1 3 18 608 2.0 
·-v 

% THK: '16 2.6 22.4 0.2 0.0 1 . 0 S-SL 7 48 31 78 2690 
% THK: 83 13.6 7. 1 0.2 -0. 1 3.0 SLH;1 4 24 845 6. 1 



SITE ID: HAT01 LOCATIOH ID: 009 
GROUND WATER DEPTH: 50.0 <FT. J AVERAGE SOIL WEIGHT: 100.0 (PSF) 

AlJG. AVG. UNO. 
- DEPTH - AVG. AlJG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEElJE PRESS. RATIO CLASS BC DEN FA ELAS. STREH OCR 

-"\ 
1 0. 1 3.4 3...--3 18. 2· 0. 1 -0.0 0.7 S-SL* 6 42 30 64 2183 
2 3.4 4.8 1 . 4 9.9 0.3 0.0 2.8 SLIM 6 35 1194 8 ('") • .o 

3 4.~. 6.0 1 . 2 33.2 0.2 0. 1 0.7 S-SL* '11 60 33 '116 3980 
4 ~ 1~ 6.5 0.f.l( 12.9 0.3 0. 1 2. 1 SLIM 8 45 1553 7.8 b •. 

tJ 

% THK: 71 4.5 22.2 0. 1 0.0 0.7 S-SL 7 46 31 77 2662 
% THK: 28 1 . 8 10.6 0.3 0.0 2.6 SLit•1 6 37 1273 8.6 



... - ... - ... ) .. -· -·- _: ___ . -·- ------ .. 
SITE ID: HAT01 LOCATIIJI·i ID: tH 0 
GROUtiD WATER DEPTH: 50.0 (FT. ) AVERAGE SOIL WEIGHT: 100.0 (PSF) 

AVG. Al)G. UNO. 
- DEPTH - .. AVG. AUG. PORE FRICT. SOIL SHEAR 

L Y FROJ1 TO. THK~ POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREJ·i OCR 
.. 0 

1 0. 1 2.0 1 . 9 14.2 0. 1 -B. 1 0.5 S-SL* 4 35 29 50 170"1 
2 2.0 3.6 1 . 6 7.0 0. 1 -o.e· 1 . 6 SLI~1 4 25 842 9.0 

% THK: 54 1 . 9 14.2 0. 1 -0. 1 0.5 S-SL 4 35 29 50 170"1 
% THK: 45 1 . 6 7.0 0. '1 0.0 1 . 6 SL lt'1 4 25 842 9.0 



SITE ID: HAT01 LOCATIOH ID: 0 '11 
GROUHD WATER DEPTH: 50.0 (FT. ) AVERAGE SOIL WEIGHT: 100.0 (f'SF) 

AVG. AVG. UND. 
- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

L Y FROr1 TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREf:i OCR 
•ft., 

1 0. 1 0.8 0.:?-' 36. 1- 0.6 0.0 1 . 7 S-SL* 12 63 33 126 4326 
2 0.8 2.5 1 .. 61· 56.8 0.5 0.0 0.8 SAND* '1 '1 78 36 199 
3 2.5 9.8 7.3 26.2 0.2 0.2 0.7 S-SL* 8 52 32 92 3147 
4 9. Q, 10.8 0. 9i' 0 15.8 0.2 3.0 1 . 5 S-SL 5 32 29 55 1891 
5 10.8 12.2 1 . 4 21.5 0.3 1 . 5 1 . 5 S-SL* 7 39 30 75 2583 
6 12 .. 3 '16. 3 4.0J 7.0 0.0 

~ 
1 . 4 0.7 SL 11'"1* 4 24 839 1 . 9 

% THK: 10 1 . 6 56.8 0.5 0.0 0.8 SAND '1 '1 78 36 199 
% THK: 64 10.3 25.3 0.2 0.6 ·0.9 S-SL 7 49 32 88 3040 
./ .. THK: 25 4.0 7.0 0.0 1 . 4 0.7 SLir·1 4 24 839 1 . 9 

- - ... - ... ) - ... -· .. _, ... ~ -· - - ... -· ·- -
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SITE ID: HAT01 LOCATIOH ID: 012 
GROUHD WATER DEPTH: 50.0 (FT. ) AVERAGE SOIL WEIGHT: 100.0 (F'SF) 

AVG. AVG. UHD. 
- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

" 
LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREtJ OCR 

1 0. 1 0.8 0.7 17. 4· 0.2 -0.0 1 . 4 5-SL* 5 41 30 61 2086 
2 0.8 1 . 5 0.7 53.2 0.5 0. 1 0.9 SAND* 10 76 35 186 
3 1 . 5 2.7 1 . 2 . 28.7 0.3 0.0 1 0 1 S-SL* 9 56 32 ·101 3448 

4 2o7 3o6 0o9 37o3 0o3 0 0 1 0o7 SAND* 7 64 34 131 
5 3o7 6.8 3 0 1 21o9 0.2 0. 1 1 0 0 S-SL* 7 47 31 77 263'1 
6 6.8 7o4 0.7 9o5 0.2 0o2 1 0 9 SL Ifvl 6 33 1 '138 5.6 

7 7o5 8o2 0o7 18o4 0o2 0.2 Oo9 S-SL* 6 42 30 64 2207 
8 8.2 8o9 0o7 32 0 1 0o3 0.2 0.8 S-SL* H1 57 33 112 3852 
9 8.9 1 1 0 1 2 0 1 19o7 Oo2 0o3 1 o 2. 5-SL* 6. 39 30 69 2360 

10 1 1 . 1 12o0 0o9 7. 1 0 0 1 0o6 1 o 9 SL Ir"l 4 25 855 2.6 

% THK: 13 1 0 6 4.4o 3 0.4 0 0 1 0o8 SAND 8 69 34 155 
% THK: 72 8.5 22o5 0.2 0 0 1 1 0 1 S-SL 7 46 31 78 2700 
Y. THK: 13 1 0 6 8.2 0 0 1 0o4 1 0 9 SLH·l 4 28 978 3.9 
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PIEZOCONE SOUNDING TEST 
SITE ID: HAT01 LOCA T IOU ID : 002 

PDittT STRESS (KG/CM2),.16 PORE PRESSURE (KG/CtF>· FRICTIOtt RATIO (t;) A FACTOR (:ll>)ili::'J 
B 1 2 3 4 5 6 ? H 91BB 1 2 3 4 5B 1 2 3 4 5 6 ? 2 91BB 2 3 4 5 6 ? 8 910 6 ___ J. I. ...l-1.. L: l-L I I I ..L I I I I_ __ ..L_j _.l ..L_..Lf---1---L-.l____L_..J.._j_ ___ , I.- J .. L 

. --·- ·- ·1 ----~-

5 

.... -.:.::.. __ 

.--~ 

... 

.. 
) 

'· 

10 -J~:-------t·-:.-=-~=--··-------~ -~-:::-·.~. ~~::::-===--=-=~···1~~~~~::::= 
t 5 ·--:: •. 

-~: .._ ,_-=.:.... 

-
;· 

- ~ 
---+r-~-------·-···--·---- 3• 

-''"' ---.-'--------------- 4::: 

- 5 
~---·-- b:.. 

~ _;~=;!~--. ------»./ ________ , 

____ ··-·-·-----f;_ ___ ..... -;· ~---------f--lLJ--------------11----------- ·. 
25 

39 

. 
35 

48 



PIEZOCONE SOUNDING TEST 
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PIEZOCONE SOUNDING TEST 
SITE ID: HAT01 
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PIEZOCONE SOUNDING TEST 
SlTE lD: HAT01 LOCA T IOtt ID : 007 
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PIEZOCONE SOUNDING TEST 
SITE ID: HAT01 LOCATION ID : 008 
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PIEZOCONE SOUNDING TEST 
SITE ID: HAT01 LOCATION ID : 009 
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PIEZOCONE SOUNDING TEST 
SITE ID: HAT01 LOCATION ID: 010 
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PIEZOCONE SOUNDING TEST 
SITE ID: HAT01 LOCA T lON ID : 0 1 2 
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1.0 INIIODUCIION 

Tbia radloloaic charaottrizatioa of the iaacti?e ~raai~ aillaitt at Kezicaa 
lat, Utah, waa ooad~cted by Beadiz Field Eaaiaetriaa Corporatloa (leadiz) for 
the U.S. Departaeat of EatraY (DOE), Graad 1aActioa Projects Office, ·~a 
rtapoast to aad ia accord with a Stattaeat of lort prepared by tht DOl Uraaia. 
Kill Tailiaaa leaedial Aotioa Project (VHT.lAP) Techaical Aasiataace Contractor. 
1acoba Eaaiaetriaa Gro~p. lao. (1!G). Tbt objeoti?e of thia project was to 
dtttraiae the horizoatal aad ?ertical tzteat of coataaiaatioa that ezcetds the 
U.S. E~iro.aeatal Prottctioa Aaeacy C!PA) ataadarda at tht Ktzioaa lat aitt. 
Tbt data prtatattd la this report art req~irtd for characttrizatloa of the 
areas adjaotat to the Ktzlcaa lat talliaaa pilta aad for the aabaeq .. at dtalaa 
of cltaa~p acti?itlts. Soat oa-pilt aaapliaa was req~irtd to dtttraiat tht 
depth of tht 1!-pCl/a la-116 lattrfact ia aa area where wiad aad water eroaioa 
ha 1 tate a place. 

AD orltatatioa ?iait to the aitt was coad~cttd oa 4-8 1aae 1984, la coajaactioa 
with 1acoba Eaaiateriaa Gro~p. to deteraiat the approztaatt tzteat of coata.
iaatioa that ezcetda EPA ataadarda •~rroaAdiaa the piles, to tatabliah a~r?ty 
control points aad baatliata for later eatabllahatat of arid liata, to aaataa 
d~illiaa reqaireatata, aad to aathtr bactaroaad radioloaic aad aeocheaical data 
to bt Died to dtteraiat ezpOIDZI r&ttl, diatqailibria. bttwttD radia. &Dd ita 
radoa daaahters, aoiatazt coateat ia aoila, aDd coactatratioas of radla., 
thorium, aad potaaaia. ia aoila. Tbe iafor.atioa l&i .. d froa this ?iait waa 
aaed in deteraiaiaa the scope of wort req~lred for the radioloaic altt charac
terba ti'oa. 

Fieldwork at Ktzicaa lat was coad~cted oa 10-14 Septtaber 1914. ladloaetric 
aeaaareaeats, aoil aaaplts, aDd b~ildia& s~r?tya wert coaplettd oa 10 Stpteabtr 
aad drilliaa was coapleted oa 14 Septeaber 1984. 

1.0 BActGRO'UND 

2 .1 LOCATION 

The iaacti?e araaia. aillaitt is located oa the Na?ajo Natioa (Iadiaa ltatrTa
tioa) approziaately 1.! ailta ·so~thwtst of the tara of Kezicaa lat, Utah (see 
Fia~re 1). The ai11 ho~aiaa area, aow the coaa~ity of lalchita, is located 
0.! aile aoathwtat of tht alllaitt. · Tbt aillaitt is withia Stctioa 13, Towa
ship 42 So~th, laaat 11 East, Salt Late Baat aad Ktridiaa, Saa 1&aa CoaAty, 
Utah. 

2.2 GEOLOGIC AND 11DROLOGIC S!mNQ 

Tbt Kezicaa !at altt is located withia the ao~thera Koaa.eat Upwarp realoa of 
the Colorado Plateaa. Tbia portioa of tht aorth-ao~th eloaaattd ~plift coa
taba. ae•reral aaall plaAiiDI aaticliata. Tbt aillaite h ia the Kezicaa !at 
'YD~liae which ia a sharp dowafold betwtta the laplet Aaticliat to the east aad 
the Cedar Keaa-Eal&aito Aaticliaea to the west. The aitt ia oa tht aeatly 
eaat-dippiaa (3 to 6 deareea) west liab of the ayaclt ... 

1 
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Sediaeatary rocka of the aillaitt area coaaiat of fiae-,raiaed allty aaadatoDes 
aad ahalea of the lalaaito Toa1ae. a aeaber of the Catler For.aatioa of Peaasyl
•aalaa a1•· These beda are a dlstiactiYt red to chocolate-browa in color aDd 
ran11 in thlckaeaa fro. approziaately 50 to 100 ft. The aill area aad tailln1s 
piles are aaderlaia by lalaaito redbeda. To the east of the tailinl\ piles ia 
the bottoaa of the aajor arroyos draininl the alta are reaiatant liatatoae 
beds, probably part of the lico Foraatioa (or facies of the Catlar For.aatioa), 
which andarlie rocka of the l&lJ&ito Ton1a1. 

Unlike aany other ailllitaa, the Mezicaa lat site dots ut co1ltai_1l a dtYeloped 
soil horizo1l or alla.ial co.er. Moat of the alte ia located 011 bedrock or 
weathered bedrock. Acc~~ati01ll of ancoBaolidated aaterial 1reater ~&1l 2 ft 
thick are aainly restricted to aaB-aade aizturea of bedrock, taillal•· ore, and 
debris. D1la to ~e color coBtraat bltwtt1l the l&lJ&lto redbeds &1ld coBtaai
aated aaterla1a Coftt1l white to aray), lt is ••••rally Bot difficalt to 
identify contaaiaated aateriala. 

Sa~face dr&i1l&lt at the aillaite ia to the eaat-Bortheaat Yia tribatary arroyos 
which drain into Gyps~ Waah leas than ODe aile froa where it taptita into the 
SaD 1D&1l liYer. These arroyo& are DID&lly dry, with water flow restricted to 
i1lfreqae1lt perioda of he&Tf rai=!all. 

Dae to the fi1l8-Jr&iDad aatare of the l&lJ&ito aandat01lea &1ld ahalea aDd to ~e 
arid cliaate at the aillaite, 110 aajor aear-aarface JrOD1ldwater aqaifers eziat. 
The aajor aource of doaeatic water i1l the area is the Sa1l 1aaa li•er. 

2 .3 S m II STOlt 

The aill at MezicaB !at waa ballt &1ld operated by Tezas-Zl1lc Kiaerala Corpora
tieD froa 19!7 to 1963 •. the aill was acqaired by the Atlas Corporatio1l la 1963 
&1ld was operated by thea antil operatioaa ceased i1l 196!. A aDlfaric acid 
plaat coBtiaaed to operate at the site Datil 1970. After the aill cloaare, 
coatrol of the aitt re•erted to the NaYajo Natio1l. The site was aaed for a 
short period aa a t~ade achool (carpeatry, weldiaa. electrical, etc.) operated 
by the Utah Trades Coa.iaaio1l. Prtatatly the 01lly co1lti1l1lD1laly occapitd por
tioa of the aite ia the for.aer aill office baildial which is aow the lalchita 
leal th Ceater. 

Mach of the ore proceued at the aill caae froa the Whitt Ca117oa district of 
Utah. Thia ore coataiaed, aloa1 with araaiaa, a coBaiderablt aaoaat of copper 
aalfidea froa which copper waa also reco.ered. Brow• aad others (1f74) 
described the procesa of reco.ery aa a frotk-flotatioa process followed by acid · 
leachia1. the leached flotatioa coaceBtratea were filtered to reco•er a flaal 
copper prodact aad the filtrate waa coabiatd with aaia-circait leach alarry 
froa the flotatio1l taillal•· A fiYe-at&lt COD1lttr-carre1lt thickeaer circait 
waa aaed to aeparate leached aolida aad prtJ1l&1lt liqaor, which was the1l clari
fied before ao1Ye1lt eztractio1l. the loaded oraaBic ao1Ye1lt was stripped with 
aD ~oBi~ Bitrate aolatioa, which was tht1l aeatralized with a&l1ltliaa hydro
zide to precipitate the fi1l&l Dr&Bi=a prodact. 

the tailiaaa were diatribated to two pilea (referred to as the apper &1ld lower 
pilea) by a cycloae atparator which baUt ap the daas with coarse uad aad 
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allowed U. aU.aea to now towan tlle oaate~ ud aoatlnreatena porUoaa of tlle 
,u ••. 
The aill prooeated a total of 2.2 •tllioa toaa of ore which aaaayed at aa 
a••~aa• of 0.21 pe~ceat Va01 aad p~odaced 5100 toa1 of V101 ooaceat~ate fo~ 
aale to tu u.s. Atnio la•~l7 C..blloa. 

2 .4 PJIYlOVS yog: 

P~io~ to tlle 1tazt of fiel .. ort for tllia .. a~aote~iaatloa pcojeot, a tllo~o•Jk 
llte~at~ aea~Ck wa1 perto~d to ideatlfy pabllahed iafo~tloa pe~talataa 
.to n•edlal aotloa at tle ••to•• let aUe. n. naalu of tllia aea~Ck a~• 
p~••••ted 1a the blbllolr&P-, at the ead of tllla ~•port (leotloa 1.0). 

•~••toaa atadlea at Keatcaa lat iaolade the followia1: aa •~l~osaeatal •~•Y 
of the vaal• aill teiliqa pi111 at •at••• Bat ~ tb V.I. Ea.bo•••tal 
P~oteotloa Aaeacy ooadaoted la Kay 1J61• a oooperatl•• 1lte •talt to •••••• 
alta coaditloa• by t~• U.S. Atnio laa~17 Coaalaatoa, t.Yt~o.eatel P~otacttoa 
Aaaacy. aad the State of Utah ia lay 1J14: aa ••1t .. e~i•1 •••••aa•at of tlle 
lite by Jl'o~d. Baooa aad Da•h Vtu. Iao. ado~ ooatnot to t~• u.s. 1••~17 
laaea~eh aad De.elopaeat Adatalat~atloa la 1J14: a radiolollO 1-.act aaaeaaaaat 
of tile lite ~ Oat lid1• HaUoul tabo~ato~ fo~ tu U.S. Depa~taeat of !ae~17 
ia la~ch 1JIO: aad •• aedal ndlolo1ic aanrey of the a~ea au~oadlaa the lite 
by £Ga.G 1••~17 •a•v••••t Gnap fo~ the V .s. Depa~uaeat of lu~17 Office of 
Ope~atloaal Safe~ la Septaab•~ 1JIO. 

2 .! SID CONJ)IIIQNS 

The naaiaa of elJkt aill balldla11 aalat at the alte. Of t~e et~Jat baildla11 
oaly two a~e 1tlll la •••· the fo~e~ alll office baildlaa haa beea co-.e~t•d 
to • health oeate~ aad 11 ia tood ooadltioa. A .. tal balldla1 oaoe •••• •• •. 
chealatr, lab aad late~ a1 a aheet .. tal ahop la aow •••• fo~ aton1• aad 
reaala1 looted. tle 1oa1 balldla1 oaoe ated fo~ a t~ade aohool la abaadoaed 
bat appea~s to ooatala a 1a~1• aao .. t of aa1•aaeable aate~ials. Aa ••PCT aetal 
atona• ahed, la aood ooadtUoa, aho appea~s to be sal•aaeable. · Othe~ baild
laas lacladla1 tu scale ho•••· o~•-•~••hlaa batldl•l• aad 1•u~to~ baildlaa 
•~• eithe~ coataalaatad o~ do aot lead tlleaael••• to 11l•aae. 

Oth•~ ~••alaa of the alllla1 ope~atloa• laolade foaadatloa• of balldla1s that 
!aa•• b .. a n•wed, taab ued fo~ holdla1 ontud ore, taab ued la tlle 
aaaafaotve of aalfvto acid, aad attoellaaeo•• bvled jaat •ate~talt. A 
•••••• poad, wate~ llae, aad eleot~ical t~aaafo~•~ an also preaeat aad la ue 
at the alta. 

The tallla11 pllea, altlloaJk craated, an aot oo.e~•d or atablllaed aad aooeas 
to the pilea. 11 well aa tu eatl~• site, la aot ~••t~icted. loth wtad aad 
wate~ enaioa !aa•• ocoarred oa the pllea. The piles occapy a utval d~aiu1• 
•~•• aad alt~oaah beraa aad dlkea we~e batlt to redaoa the aaoaat of tailiaas 
beia1 washed or blora off of the ptlea. a~~oyoa dowwstreaa froa the pile 
coatala taillaa• fo~ a ooaslderable dlataace. tle p~_.alllal wiad dl~actioa 
aad draiaa1• directioa an both to the ao~theaat. tlerefore aa •~•a ••~roaad
ial the aortheaat ooraer of the lower pile ooataiaa both •Iaible wiadblowa aad 
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water-tra~aporttd tailiaca ooat&ai~atio~. Outward froa the pile to the east 
•~d ~ortheaat, co~t&ai~tioa ia coafi~ed to a thi~ Caeaerally leaa thaD 1-ia. 
thick) bla~ket of wi~dblowa tailiDII o.er a broad area aad to scattered aaad 
bara <••~•rally leaa thaa 1-ft thick) ooataiaial tailiaca, located aloa1 the 
bottoaa of arroyos draiaiaa the pile area. 

D.a to the •ariabla topocrapby at the aitt (rolliDI billa, aarrow ridaea, aad 
deep arroyoa), aach of the accaaa to aaaplia1, aaaaureaeat, aad drlllia1 altea 
waa accoapliahad by the ••• of t~e.-wheeled, all-terraia cycles CATCa). A 
portioa of the drilliaa at the aita waa accoapliahed uaia1 a portable haad-held 
aaa-powered aucer. 

3.0 PIOCEPVRES 

The aeaaureaeat techaiqaea, laatr~eatatioa, aad procedures atad for the Xezicaa 
!at radiolo1ic characterizatioa were baaed priaarily oa protocols de•eloped by 
the DO! Di•iaioa of leaedlal Actioa Project• CDIAP) Techalcal Meaaureaeata 
Ceater (T.MC) aad oa field-iapleaeatatioa ezperleace aalaed d•riD& radiolo1ic 
characterizatioaa of other UKIIAP altea (Allea, Showalter, aad others, 1tl3; 
Allea, Steele, aad other•, 1tl3; A11ea aad Stro•l· 1tl4; Marutzty aad others. 
1tl3; Shay aad othart, 1tl4; Slay aad l•ah, 1tl4; aad Goo4kai&ht aad lalker, 
1tl4). 

All actiTitiaa at or ia aapport of the project ware parforaed ia ooapliaace 
with the pro•iaioaa aet forth ia aa appro•ed Quality Aaaaraace Pro&raa Plaa 
(QAPP). To eaa•r• the health a•d aafetr·of peraoaael aaaiaaed to the project, 
a coapreheaal•• health aad aafatr plaa waa followed duriaa the fieldwork phaae 
of the project. Thia plaa iacludad ao•itorial of ezter~l radiolo1ic ezpoa•re, 
poteatlal for iateraal radlolo1ic azpottrl (i.e., iahalatioa of airboraa 
radioacti•e daat), peraoaael coataai~tioa, aita ace•••· aad equipatftt coa
taaiaatioa. 

For parpoaea of this atudy, radioaetric aeaaureaeata aade iadirectly by aea
••r~eat of radiatioa fraa aoarcaa other thaa the decay of the ••elida of 
i~tereat are reported aa '•q•i•aleat' coaceatratioaa, daaoted by •• '•' prefiz. 
•·•·· pCi(ela-226)/a. Siailarly, 'a' is uaad to report aqui•alaat ·tleaaatal 
coaceatratioaa <•·•·• el, eth) calculated froa the aatural ab•adaaca of the 
aaclide (1-40 for el) or a dau1hter ia eq•ilibri~ with the pareat (Tl-201 for 
eth). !qui•aleat coacaatratioa ia that coaceatratloa of aaclide/eleaeat of 
iatereat ia eq•ilibri.a with ita da•&hter prodacta that yield• the aaae •••
aureaeat aa the a&aple. 

All iaatraaeatt •••d for radiolo1ic characterizatioa were calibrated at the DO! 
calibratioa facilities ia Graad 1aactioa, Colorado, both before aad after the 
fieldwork aeaaioa. Iattr~aat-raapoaaa field chaeta were aade before ute each 
day, aad the reaalta were aoaitored for coapliaaoe with qaality-coatrol liaita 
eatabliahed oa the statistical baaia of preTio•a reapoaaa checta. The aethoda 
uaed for iaatraaeat-reapoaae field checks are described ia Appeadiz A. 



3 .1 *PA PUim!Q'ISifS 

The .. zlcaa Bat alte waa dlYlded lato ala areas (~••• A t~o•lk P, Plate 1) •• 
4eacribed ia tke Stat .. eat of York, 4ellaeated oa tke baaia of dlfferlaa ooa
taaiuUoa patun.a. Tk••• area• are tle followiaa: CA> wiaAlowa oo.taaiu
tloa aort~. aort~eaat, aad eaat of t~ talliaaa pilea aad arro,o1 ooataialaa 
bot~ wia4- aad water-traaeported ooataaiaatioa~ (B) wiadblowa ooataaiutioa 
aoatl of eke pile•: (C) al11 7ard aad ore-atoraa• area: (J) poada aad ooataai
uted an07o ia w aortlnreat portioa of tle aite: aa4 (I) aad (P) wiad aad 
water eroaloa adjaoeat to retaiaiaa dlkea riaalaa w apper aad lower ta11laaa 
,u .. r .. peoUY117. n. tnt• aad aaoat of work re•alre4 to alaaraoterbe ••a 
area are dlac.aaed later 1a Ckla repori. 

3.2 PIXSICAL $01fEX 

n. Pk7•1cal ·~.,. ... eoa4aotld .,. • leadia .~.,.0&' .. i.l • fteo4ollte ••• 
Geodt.eter to ettablla~ baaellaea fra. ~orisoatal eoatrol atatloaa aa akowa oa 
t~• lorizoatal aad Vertical Coacrol aap aapplle4 .,- 1acoba laaiaeeriaa Groap. 
n. ailllite at .. zicaa Hat differed fra. P&'eYlou .u •• 1a tbt ell• property 
boaa4ai'J' Uae a oolaoi4e wttll tle baaellua .... to eecabl hJa eke arid utwork. 
A dhtaaee oJLeck waa aade befteea boa4&17 poiata before baaellaea were eatab-
1 iaJaecl. 

Oace tJae baaelia•• were eatabllalled, a~Yeral •~illar,r 11 .. 1 were eatabll~e4 
witJa tJa• iaatraaeata at rilkt aaal•• to w baaellaea to aid 1a ariddlaa w 
dlffereat areaa. All otJaer arldpolata were set .,- steel tape aa4 11 .. of alllat 
fraa llt&blliJald polatl. Tkeae l&'ldpolata Wl&'l 100&tl4 tO tJae Dl&rllt 0.$ ft. 

ne boreJaole 1 ooa tioaa 1a ~••• C aad D were atab4 la tle aaae aaaer a a tle 
aridpoiata, aaiaa steel tape aad ezlatlaa poiata aa 11 .. of aiiJat. n. bore
~olea located ia Az1aa I aa4 P were atabd at approataate looatioaa baaed oa 
Ue work atateaeat uaple-4elip aap prOYidecl b7 1aooba laaiueriaa Groap. 
Xaay of tJae plaaaed boreJaolea were &OYed to looatioaa of easier aoc•••· After 
drilllaa, all Jaolea ia A&'eaa I aa4 P were aarY.,.ed fraa ealatiaa ooatrol 
statio••· lle~atioaa of all boreJaolea were eatablla~ed .,. dlffereatlal l~Yel
iaa betweea ooatrol atatioaa. 

laay of tJa••• ~olea were aoYid aad reatabd .,. t~• Beadlz Site Kaaaa•r aad tJae 
Teckaical A.aiataao• Coatractor to aore aooeaalble looatioaa or to looatioaa 
Uat woald 7ield tle hat auaartaoe lafomaUoa c..,., boreJaoha lat-124, lat-
12$, aad lat-1$1 Ia ~~~A). 

3.3 SOIL SAJIIILINO NfP PILT4=9AJIKA Willi JIIAS1lJEJI!HIS Q' GII])POnrtS 

4 total of 145 arldpoiata were eatabllaJaed ia A&'eaa A t~ro•lk D for soil 
... plea aad 4elta-aa.aa ••••ar•a•ata. laoJa arid polat had • o-c~-la. soil 
saaple ta.tea for laboratory aaaaa-ra,. apectroaoopic aul7aia. Delta-a..aa · 
aeaaar••••t• were aade at a 4eptJa of 6 ia. at apecifled arldpoiata for field 
aaidaace ia ... pliaa. n. parpo•• of the 0-t~-ia. loll ... ,1 •••• to 4ettr
aiae tJae ezteat of a&rfaoe coat .. iutioa ezceecllaa t~• EPA ataadard of S pCi/1 
la-226 abOYe bac.taroaacl. Sabaeqaeat sabaarface delta-aa .. a ceaaareaeata aad 
soil ... plea were takea to defiae areas where the EPA ataadard of 15 pCl/1 Ia-
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226 waa tzcttded. Tht hiaher liait omly applies to areas that will bt ezca
•attd a~d tht~ backfilled; tbt lower liait auat be applied to areas that aay be 
tzca•attd but are ~ot bact!illtd with at least 1$ ca of soil. Tht procedure 
used for aridpoi~t• i~ Artaa A aad B waa (1) a O-to-6-ia. soil aaaple take~ at 
each aridpoi~t. (2) a 6-i~. dtlta-a&aaa aeaaurtaeat tate~ at oat hal( of the 
aridpoi~ta, aad (3) a 6-to-12-ia. soil aaaplt where a f-ia. delta-a~• 
aeaaureae~t iadlcatta la-226 actiYity areater tha~ 5 pCi/a, followed by a 12-
i~. delta-a~• ataaur~•~t. Thla alteraati~l proced•r• waa coatiautd .atil 
tht delta aeaaareaeat iadicate4 ltaa tha~ 5 pCi/a or uatil aa 11-to-24-i~. soil 
aaaplt waa takea. I~ Artaa C aad D at ~Ytry specified aridpoiat this alttraa
tiaa soil aaaplt/delta-a&maa aeaaurtat~t protocol waa alao used. 

3.3.1 Soil Saaplips 

Se•tral'atepa were tatea to eaa•re the iatearitr of the aoll aaaplea duriaa the 
aoil-aaapliaa proceaa. The aaaplea were ezca•ate4 ••i•l specially ooaatracted 
ahoYtla dtaiaaed to prod•ce aaaplea of eqaal alae. Care waa tatea to collect a 
aaifoza ••rtical croaa aectioa of the 6-la. layer aaapled. Care waa also taktu 
to cleaa the. aaaple-aatheriaa equipaeat to prtYtat croaa-co~taaiaatioa. Sample 
ticket boots with the prtfiz MID were used for aaaplea collected ia the field 
duriaa thia project. Ptrtiaeat iafor.aatioa such aa aaaplt type, arid locatiou, 
aaaplt depth, project code, saapltr'a aaae, aad soil coaditio~s were. placed oa 
tach saaplt ticket. A paper record of the saaplt-tictet uaabtr waa placed 
laside the plastic baa holdiaa the aaaplt aad the top of the baa waa thtu 
folded twice aad atapltd abut to rttaia aoiature. Valaa a per.aaaeat iak 
aarter, the aaaple aaaber, locatioa, aad depth wert writtea oa the plastic baa. 
The plastic baa waa thea placed la a dact-cloth baa which was also labeled with 
the aaaplt aaaber aad depth. The aaaplea wert thea bozed aad ret~ed to Graad 
1~ctioa for aaalyaia by the Beadiz Aaalytical Chtaiatry Laboratory. 

Followlaa traaaport to Graad 1.actloa, the ao•l aaaplea were welJhed, dried, 
reweiahed, cruahed aad aroaad to -21 aeah, bleadtd, aad sealed ta aaaplt caas. 
The differtace ia weiaht after dryiaa. or loaa oa dryiaa CLOD), ia perceat, was 
recorded for about 10 perceat of the saaplea subaitted for aaalysia. These 
•alues were used later to calcalate aoisture oorrectioa factora. Tht aaaples 
were stored for at least 21 days to allow the radoa aad radoa dauahters to 
reach equilibrium with a~ radlaa prtseat. Tht saaplea were aaalyzed for 
radium, potaaai=-. aad thoriaa aaiaa hiah-rtsolatioa aer.aaaiaa a~a-ray spec
troscopy aysteas. The syattaa were calibrated aaaiaat the New Brua.-ick 
Laboratory (NIL) Seriea 100-A certified a~a-ray ataadarda. All aaaplea were 
poaitioaed oa a detecto~ by ••••• of aa aatoaatic aaaple chaaaer to aaiataia 
coasisteat saaple/deteotor aeoaetry. The laboratory procedarta ... d are 
described ia detail ia tht lapdboot of Apalytical apd Saaple-Preparatiqp 
Methods (Beadiz Field Eaaiauriaa Corporuioa, 1JI4c). 

A.plifier aaia aad baaeliat wert aaaaally checked daily, aaiaa a Th-232 aoarce. 
Two taowa coatrol aaaplea wert aaalyzed each day; acceptaact of the ~ta aet 
thua· aeaerated reqaired that at ltaat oae coatrol be withia o~ staadard 
de•iatioa aDd that both ooatrola be withia two ataadard dt•iatioaa of the 
statistically eatablithtd iadiTidaal raaaes. Ia additioa to aaalysia of taowa 
coatrola, 10 perctat of tht bltaded s&aplta wert aplit aad aaalyzed for radium 
coaceatratioa as bliad duplicates. The dupllcatta are ideatified with aa KBG 
saaplt prefiz. 
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3.3.2 Dt1tt=ff'l• la4iJ1 ltaaarf1'''' 
. . 

Ia-sita ••••ar .. eata of .. li•aleat radlaa at aridpolata Yere aadt ,.,,, a 
Beadtz delta-a...a ,.,,, .. ooatalataa tattraal oollt.&tioa aad prtfllttra. 
Btadlz r,rst .. waa operated oa oo .. tta1 plattaa ,.,., a delta (dlffertaoe) 
ttclmiqu. 'ne dettotor yaa pla01d oa tlle ssrla01 to be aua,.ed au aa UP 
oo .. t Yaa oo11tottd for 120 .. ooada; a •tak-deaatty ••teld Yaa tkea plaotd 
bttwtta tllt dettotor au ~ sufaoe bela1 a11&7td aad a DOWN ooat of 120 
aeooada Ytl co11toted. tlt UPIDOIN oo .. ttr aataaatlca117 rtliltered tke 
dlfferea01 or delta eoat. 

Tht stattatlcal ._lidlty of ~e dtlta-ia.aa aeaaareatata Yal aoaitored Ia tJLe 
field 1Jy takial two or aort aeta of aeaaar ... au at taoJa looaUoa. n. prooe
darta 18td la dtttaatataa tJLe acaUaUoal ._lldltT of tJLe aeaaar ... au aad for 
data rtdaotloa art deaortbed la ltotloa 'JI of ~ ladlplptlg flt14 lt••lft= 
atata ProctdJI!• laJIIl (ltadlz Pltld laaiateriaa Corporatioa, 1JI4a). The 
•••• of tllt ooat Hta Yaa dettmlud aritlaatUoall,., aad tlat ataadard de•ia
tioa of tac:Jl oo .. t ate na calnlattd 18laa tJLe equUoa 

(1) 

Ylltre • il tkt staadard dt•laUoa aad YUrt N ... N4 are tke aalLltlded (lJP) 
aroaa coats aad tlle allltlcltd (DOIN) dlfftreale or dtlta ooaata, rtapeoti•t17• 
A ataUaUcal ••ect Yaa aadt to dtttmiu lf tkt Hooad ·aet of •aaar .. tata Yaa 
YitlLia 2• of tkt flrat. If ut, a tlLlrd Ht of Maaar•eata Yaa aadt. tlt 
data were aa.aed aad • Yaa oalcwlated for tJLe total .,aaareaeat. A oJLeot yaa 
aadt to dtttmiu yJLetlltr • il 1111 tJLaa U ptrctat of tke dlfftreaoe co .. t 
11iaa the equtioa 

(2) 

wllert lJ 4 h tlLt perotat .. oertalaty of tlle dlfftreaoe oo .. t. If tllil ori ttrloa 
coald aot be aet after tJLree 12G-seooad aeaaartaeata, tlle data Ytrt flaaaed aa 
1Jeia1 ttaiquatltatl•e. 

A callbratioa faotor aad tkree aajor oorreotioaa Yere applied to ttt raw delta
, .... rtadiaaa to obtala radiaa ooaoeatratioaa la piooCaritl of eqai•altat 
radlaa per araa [pCi(ela-22f)/al. Calibratioa of tllt laatra.tats Yaa ptrfomed 
at tllt Dtpart:uat of laeriJ' CDOB) Walbr Pltld oaU.bratloa pada Ia Graad 
1actloa, Colorado. ftt atrlppial factors uoesaary to oalowlatt raY 
tqal•aleat-radiaa coaceatratioaa froa tJLt dtlta-a .... readl111 Ytrt obtalud 
froa tJLe calibrattoa data. 

A corrtctloa for coatrlba~loaa fraa radlotlaaeats otker tllaa la-22f Yaa aade 
to co.peasatt for tJLe fact tllat tJLe raw data oo11tcttd ia tlle dtlta-a .... aea
tartatau art tlle nsalt of all aa.aa radlatloa nac:Jlia1 tJLe dtttctor. Tkt 
correotloa factor ased la tlLt fltlcl Yal cltrl•td fraa potasaiaa aad tllort~ 
coaotatratioaa dtter..iud fraa iR-aitl a..aa-ray-tpeotroatttr aeaa~rtaeata 
aad laboratory a..aa-ra,-apeotroaoopic aaalyais of aotl taaplta o1Jtaiatd d•riaa 
tllt oritatatioa Yiait to tlle altt. ftt corrtctioa faotor 18td ia tllia report 
waa obtaiud troa a~a-ra,-apectroacopic aaalytia of aoll 1aaplea colltcttd 
dlriaa tJLe fitl~ort pJLaae of tllt project. 
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A correctioD factor was alao applied for aoil-aoiat~• coDteDt aiDce 1011 
aoist~• redacea the total aa.aa-ray fluz at the •~face aDd beca~•• CODceDtra
tioDa are co~eDtioD&lly baaed OD dry aaaple weiaht. This correctioD factor 
was obtai~d thro~ah laboratory losa-oD-dryiDI (LOD) ••••~reaeDta perfor.aed OD 
selected toil aaaplet takeD dDZiD& tlle fieldwork phase of the project. D~• to 
the .. all ~ariability tD 1oil ooaditioDa at the site, aD aYeraa• 10il-aoiat~e 
YalDt. toaether with the aoiat~e-ooDteDt ••l~ea for the calibratioD pads. was 
coKYerted to a tiDal• correctioD factor to be ap~lied. to all of the delta-a~• 
al&l~laiDtS. 

A diaeq~ilibri~ factor was applied to the data to correct for the diaeq~il
ibri~ betweeD radi~ aDd ita aa.aa-eaittiDI da~ahter prod~cta. This diaeq~il
ibri~ b d~• to lou of radoD au. radi~' a first da~pur, ·froa tlle soil. 
Ia-ait~ delta-a&aaa ••••~reaeDtl iDc1~4e these a&aaa-ra,-eaittiDI radoD da~ah
tera. lbeD the correctloD for radoD loaa la applied. the appareDt coDceDtra
tioD of radi~ aeaa~ed lD sit~ iDcreaaea. ~ diaeq~ilibri~ factor was 
deri~ed froa laboratory &Dalyaia of aelected 1011 sa.ple1. lq~iYaleDt-radia. 
coDceDtratiODI were aeaa~red at 2 to 12 ho~a after caDAiDI, aDd aaaiD after 6 
days. lattaatea of tlle radoD diseq~ilibria. ratio were aade by calc~atiDI the 
radiaa coDceDtratioD at diseq~ilibri~ aDd at eq~ilibri~. ~•iDI the staDdard 
eq~tioDs for iDarowth aDd decay of tlle •ario~s isotopes iKYolYed (Mar~tzky aDd 
others, 1914; Scott aDd Dodd, 1960). 

3 .4 ARROYO PEL TA=GAMMA M£AStr!EMENT$ 

To teaiq~aDtitatiYely characterize the ezteDt of coDt&aiD&tioD iD arr0701 
draiDiD& the site la Areas A aad D. delta-a&aaa aeat~eaeDtl were aade at 200-
ft iDterYala aatll three •~cceaai~• •~face delta-a ... a aeaa~reaeDtl iDdicated 
radi~ CODCIDtratioDi lell thaD $ pCi/J or tDtil physical &CCIII biC&al tapol&
ibh. 

StartiDI at •~rYeyed aridpoiDta 11tabliahed dDriDI the physical aarYey, a 
BOLLATAPE bicycle wheel diat&Dce-aeaa~riDI de•ice waa ~••d to establish delta
, ... , aeaa~reaeDt locatiODI at approztaately 200-ft iDterYala aloD& the bottoaa 
of tlle arr07o1. 

At eacll locatioD a •~face dalta-aa.aa aeas~reae~t was aade. lbere •~face 
aeu~reaeus iDdic.ated la-226 coDceDU'atioDs areaur thaD$ pC1/a. &D addi
tioDal aeasareaeDt was aade at a depth of 6 iD. This proced~r• was followed 
~Dtil (1) a aeas~eaeat iDdicated la-226 coaceDtratioDs were leas thaD $ pCila. 
(2) a aeas~reaeDt was aade at a depth of 11 ia. or (3) coapeteat bedrock was 
reaclled. 

' The saae statistical cllecka aad correctiODI that were applied to delta-aa.aa 
aeat~reaeDta at arid poiDta (cf. Sectioa 3.3.2) were aaed for ••••~reaeDtl 
takeD iD the arroyos. No soil saaplea were cakeD iD tlle arr07os witll the 
ezceptioa of •~r.eyed arid poiDtl ~sed as atartiDI poiDta for the arr070 delta-
aa.aa •~"•Y· 



s .5 IQIIIOLI SAJIPLIH!i. Plpl,ntj. AND LOggiNg . 

3 .5 .1 Sppl i11 

Jo~ eacl bo~eloh 1ooaUcna, a o-to-f-il. 1vfaoe 10U 1aap1e ••• taba pzoio~ 
to ut11i11• no 1aaph1 ••~• oollootod il tle ......... ~ •• tlon at 1d.d 
poi1t1 uu~ibod 11 Soot loa S .J .1 • No f•~tl•~ ••b•vfaoe aa~~p1 111 ••• n••l~•d 
at b~elole 1ooatioa• fo~ tlia 1tldy. 

J .5 .2 p~Ull11 

lo~eko1e d~l11lal waa aooa.p1iakod, .. ,,, ataada~ ••otoalatoa1 toakai• .. •· 
wttl a Cll 550 ••••~ ~~~ •••~ •••••• po~ittod. Bo11ow-at .. ••••~• (f-5/1 ta. 
O~D. b7 J-1/4 11. I.D.) ••~• ... d to ~111 to total doptl ta oeol kolo. ••••~• 
WIH left ta plaoe ta tU kole dVlll ndl-.tdo 1011il1 opentlcnaa to pn'YIIt 
lol• oo11apae aad.to allialae .... ~taa of • ., ~ole ooataalaaticna. A 
ntri .. ab1o oo1to~ bit waa aaed fo~ drii1taa to ••old ooat .. iaatiol witlia llo 
••••~ it1olf: tle oe1te~ bit ••• r ..... d fo~ ndlaaotrlo 1oaataa. T.ko drill•~ 
fVIialod tlreo 1111r loa4a ao tk&t two lolo1 oow.ld be loft opoa fo~ aoopll)'.
ioal 1011i11 wlllo tle tli~ lo1o waa bol11 ~l11od. 

tlo bo~elo1e• were ~llled to olll•~ tU total 11tta&t1d deptl aa apooiflod la 
tle Stateaeat of Yo~t o~ aatil tlo driller ~•aolod a poiat of nf11a1 (ltoppod 
dcwaard peutntioa) 4u to ooadltioa• 11ol •• 1lal1w beuoot, bviod cor
crete, lar1• ~oota, or otle~ aaterial tkat wolld 1top pe11tratio1. 

Bo~elo1o 1ooatio1a wllol ••~• laaooe••lblo ~ a traot-.o-.cod ••••~ ria ••~• 
drilled 11i11 a po~t~ble aa.-,a.o~od 'Little loa••~· ~111 witl 1 4-ia.-
dt ... co~ 1111r. ne bo~olohl won ~Uhd au Chi t..edllt117 1o111d will 
tlo ••••r r ..... d. lq1ipaoat traaaport to tloae lolea ••• aoooaplialed 11i11 
tlreo-wleeled Area. 

01c1 aoopl71ical l011i11 operatioaa were ~leted, lole abaldOPallt ••• acoa.
plialed b7 fllli11 tlo lole will ••1•r oPttllll o~ wltl otlo~ uarb7 aat~ral 
aaterial fo~ad 01 tlo 1ro .. d avfaoe. Bolea tlat eaooeud I ft o~ ao~• Ia 
deptl a1d tlat IIOOIItered a~oladwate~ ••~• filled witl a boltoaito alvr,r 
laYill at least a 55-aeoou Yiaoo1it7. 

A Beadiz drllli11 • .,.~i•o~ .oaitored tle drlllia1 ope~atioa• aad aai1taiud a 
rto~d of foot111 d~·Ulod a1d utodall 11od. U. d~lllia1 11po~tao~ 1110 
cleobd tlo ·~•·~• aad ~111 blta fo~ ooataaiaatioa aft•~ naa.al f~aa eaol 
borehole, a1i11 11 .. orll11 PAC-f Alpla .. t•~· Tool• ••••viii a~••t•~ tla1 
200 oo•u ,.~ ai11t1 (cpa) n~• oleaud to r .... , llo appart•t aovoo of 
co1taaiaatioa. Tko tools wore tloa reelected a1d recleaud if uo••••r.r• 11til 
••••v .. elta wore 1••• tlaa fO cpa. 

3.5 .J G!opi!.Tshd Louiac 

Borelol•• aootllib1t b7 ~o-wlee1-4ri•• tract aad tlat wort at lealt 5 feet ia 
deptl ••r• lOIJid llill • Beldiz OGapltlr-baaod a•oplylical-borelolo-loaai•l 
(Caaplloaaer) 171taa. tle probe, wlicl coataiaa a 2-il.-diaaeter-b7 6-ia.-lola 
aodiaa iodide dotecto~. ••• raised fraa tle bottaa to tle top of tle borehole 
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at aa approziaatl rate of 1.! ft per aiaate: data were recorded at each 0.5-ft 
iate"al· ltpeat ·loa a were aade of the eat ire borehole to coafim the aeuue
aeata obtaiaed darla& the aaia lOJJiat phaae. 

The Jam.&-ray dtttctioa r,Fitea Wll operated ia I liat&r (eatrt,-prOpQftioaal) 
aode. Vphole electroaica pro.idtd ayataa-aaia atabilizatioa by aoaitoriaa the 
135-teV a&aaa-ray peat froa a aaaaaaeae-54 aoarce coataiaed ia the probe. 
Palae-heiaht data were collected froa aiaala-chaaael-aaalyzer (SCA) wiadowa cor
reapoadiaa to the priacipal ea1r17 peats froa the decays of potaaaia.. radiDa. 
aad thori•. Data froa a foarth SCA widow. the total-coat wiadow (1050 to 
3000 ktV), were collected to pr~idt atatiatically tapr~ed radi .. 
coaceatratioaa. 

Aftar retartiaa to Graad 1 .. ctioa, the data froa the Beadiz ooapater-baatd 
loaJiDI aystea wert electroaically traaaferred froa a alae-track tape oa the 
CDC-815 ooapater ~o a disk oa the Zaaith Z-100 portable ooapater aad ••rifled 
accordiaa to appro.ed q .. lity-aaaaraace.procedarea. Data fraa the total coaat 
chaaael were corrected to reflect aa a•eraae aabaarfact aoiatare coateat of 6.3 
perceat. 

Data froa the total-coat obaaael wert alao corrected for a~a-ray atteaaatioa 
caaaed by the aaaer caaiaa aad aaaer joiata. The oorrtctioa factor was deter
aiaed ia the calibration aodela at Graad 1actioa. aaiaa aectioaa of caaiaa 
id~atical to the caaiaa aaed at the field aite. This factor is aa eqaatioa 
which corrects all ooata to the obae~ed coat rate ia the coaataat-thictaeaa 
caaiaa. At poaitioaa far froa the aaaer joiat, the factioa baa a •alae of 
1.0, bat aa the depth aeaaared approa~•• the ceater of the joiat, the ••1•• of 
the oorrtctioa factor iacreaaea to a aazt. .. •alae. Three coefficitata deter
alae the correctioa, oae for the aaztaaa ••lat at the otater. oae for the 
diataace froa the ceater at which the correctioa reachea oae-half of the aazi
aaa, aad oae which coatrola the speed at which the ezpoaeatial ca~•• approach 
the aaz ia• aild aiat.aa •alae a. 

The depth of ••1•r joiata waa deter.aiaed by aeaaariat the htitht of the aaaer 
abo•• the 1roaad aarface for each borehole. Siace the total ••1•r leaath was 
taowa, the depth of the aaaer joiata coald bt calcalate4. The aaaer joiat 
correctioa waa applied oaot the Joiat depth waa taowa. 

The data were thea apatia11y.4tco .. ol•e4 (Gtora• aa4 Price, 191%) to prodace 
loaa of appareat-radiaa ooaceatratioa ••raaa depth. Correctioa• were applied 
for coatribatioaa froa potaaai .. aad thori... Coatribatioaa fraa pota•aiaa aad 
thoriaa to the appareat radi .. aaalyaia for the tract-aoated ayatea are 1 
pCi(ela-l%6)/& for 1 perceat potaaaiaa aad 0.133 pCi(tla-226)/a for-1 ppm 
thoria.-23%, ~•aptoti•ely. The •••rat• coaoeatratioaa of potaaaiaa aad tho
riaa, baaed oa aoil aaaplea tatea at the aite, art 1.3 perceat aad 6.6 ppm, 
reaptotbely. 

Ia those areaa aot aoceaaible by two-wheel 4ri•e tract or at ahallow boreholes 
leas thaa 5 feet ia depth, lOJJi&l waa perforaed aaiaa a portable aroaa-coaat 
ayltea. Thia r,ratea coaailta of aa Eberl iae Jlodll PIS-1 field ••~•7 aetn 
(IASCAL) coaaecttd by 20 ft of cable to a waterproof Eberliat Jlodel SPA-3. 
2-ia.-by-2-ia. aodiaa iodide detector. The ayatea ia operated oa coati&l 
plateaa ia a aroaa-coat aode, which coaata all a~a rays whose eaeraiea 
ezceed approziaately 30 teV. 
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n. probe wu aaa .. lly lowtnd to tlLt bottaa of tlLe bo~tllole Ia f-ia. iao~.
aeau. wit!& 3G-stooiUI aeuv ... ata ~eoo~dtd aaau11y at tau atep. ne data 
ataave .. ata recorded while lowtriaa t!&t .. teotor were idtatifitd •• 'Pba•• 1'. 
'I'lL• ~obt na tllea niltd to tlle top of tllt borellole Ia f-ia. iaor ... au, wit!& 
3G-stooiUI aea•v .. eau aaala noor .. d at tao!& 1tep. Data noorclld while tlle 
"tecto~,., btlat raised wen l .. atlfled aa 'Pla•e 2'. 

Xoat of tllt data wert aaa .. lly ••t•~•d lato ue data ba•• of a Zealtll Z-100 
portable oaapate~ aad ••~ifled Ia t!&e fle14 aooordlaa to apprOYed qulltJ
auvaaoe p~ooedv11. Data taba dviaa tlle la1t two day• of flel .. ork we~e 
eatered aad ••~ttl .. apoa ~et-anlaa to Grau 1aoUoa. fte data "w•~• tllea 
oorrtottd for •••r•a• aoiatve onte~t·a .. for aa.aa-ray attea .. tloa oaaaed by 
tllt ••••r-ae .. oaalaa, aa .. aerlbed for tlle crao~ated loaalaa r.ratta. 
Tlt.eae data were &lao .O~eoted fo~ aaaer-jolat effeota. 

D.~ bore!&olt-lottial r.rat•a we~e fleld-ueobd JWior to lOIIiDI eao!& day, 
aaiaa a aptoial aoaaaite aaad fo~ tlle traot-ao .. ced r,ratea aad a radiaa cheat 
sovot for the portable r,rac... The naaltiaa data were reoo~dtd aad ooapartd 
wit!& prniou Utld-o!&tot data aad wiu tlle two-ataada~d-4e•iatioa Uaiu for 
qaality ooauol. ltptat 1o11ia1 p!&aaea were 1"'118 fo~ tau Jloh ... tlle naalu 
of both ue aaia a ad r.at p!&aat • wen ueobd for aan•••t. .Wdi Uoaal 
repeat loaa we~• oolletttd when diaaare ... ata la tle data we~• obaer.ed. W.ea 
poaaible. the appareat ca .. • of ue diaaar• .. ••t waa aoted. 

The loaaiaa ,,, .. , were oallb~ted, both befo~• a .. after U. fitldYort. aalaa 
the DO! bore!&ole-oalib~Uoa .... 11 at Ira .. 1uotloa. Colorado, aad wit!& tlLe 
ooapater ~oaraa LOGCAL CSlowalte~ aad ouera, 1J14). Pre-fleldYo~t oaU.bra
tioa wu pedoned to pooeaa tl• data. while poat-fleldYort calibratloa per
altted deteetioa of aa, tqaipaeat aalf .. otina. The reaaltla1 data were thea 
arc!&iwtd ia a pt~uat oallbratioa data baat. 

3 .6 BVILpOO SVI!ID 6NJ) JIIASJliiiiENT$ 

3.6.1 l&pOIJI'f=l&tl lflll£111&$1 

Two lacloor tzpoav.-~tt •aaveaeata wtre aau at the ••• looetloa ia tllt 
approzt.ate oeater of. eau bal1dla1 aalaa a leattr-Stoba Kodel IS&-111 
Preaaviztd Ioalzatloa Ckaabtr CPIC). TlLla lattraatat, wiuly aatd for ezpo
ave rate aeaav ... att, JWOdaoea a aea~ly flat reapoaae to a...a rays raaala1 
la eur17 fraa 100 bV to J •v ... ia also dali,..d to napoad lluarly Ia 
, .... fltlda •• to 100 ai/J&. 

A daily iaatr-aaeat o!&tct wu aade ulaa a 1-pCl radlaa o!&eot aovct pl&otd ia 
t!&t sovce-!&oldlaa flztll'l at t!&t top of tht loa o!&aabtr. Firat. with the 
aoarct r .. a.ed, a baokaro ... readiaa was obtaiaed uia1 a Btadlz-aodifitd 
readoJt to detenlae the a••r•a• ezpoave rate a.er a ctae iater.al of tO 
aeooada. Pollowiaa the baotaro .. d ezpoave-ratt dettniaatloa, the 1-pCi 
aovct waa placed ia t!&t sovot !&older aad the aaae prooedve waa aaed to 
dttt~iDI t!&t IWII'&II IQOIVI l'&tl. Tlt b&Ckii'OJad IQOIVI rate 'nl IJb
ti'&Cttd froa tht IICoU IZJOIVI rate to dettralat Ut tzpoaVI ratt froa t!&t 
aovce. n. rea!l tiaa walu waa noordtd aad c!&tcbd for caapl iaaot wit!& 
qJality-coatrol liaita. To aoaltor PIC perfo~act at !&icJ&er ezpoaaze-ratt 
lWYela. the prooe4azt waa reptatt4 aaia1 a 1G-pCi chtok aoarot. 
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lYo ezpoauze-rate aeaaureae~t• wert tate~ at tht approzt.ate ce~ter of tach 
buildi~l at a leiJht of 3 feet uai~l a coaati~l tiae of 180 aeco~d• (3 ai
~utea). The ezpoauze-rate rtadi~a• i~ ~/h wert the~ t~ttred iAto a field data 
boot. 

3.6.2 Alpha Meaaureae;ta 
. . 

Aa !berli~• Air Proportioaal Alpha Detector waa uaed to obtaiA aroaa-alpha 
aeaaureae~t• i~aide the aite buildi~l•· Thtat aeaaureae~ta, recorded i~ coUAta 
per ai~ute (cpa), were aade to dtter.aiAt surface co~t&aiAatioA le•ela. The 
~erall objeoti•• of tle aeaauzeaeAta waa to dettr.aia. the ezteAt of decoa
t&aiA&tio~ Attdtd iA the bsildiAII• 

A daily i~atr .. tAt-reapo~•• check waa aade uaiAI a att of plutoui .. chect 
aourcea. The detector waa placed ~•r the source a~d a rtadiAI waa recorded. 
The detector waa rotated 110 dear••• aad a aeco~d readiaa waa reoor4td. The 
two readiAII were a•eraaed aud the result waa checked to deter.aiae if the 
readi~l waa withi~ 2~ of tle ••1•• Cia cpa) stated oa the refereace check 
aouzce. If the readiuaa were aot withiA 2~. the procedure ••• repeated. 

If the aeco~d teat failed, the iAitr .. tat ••• taaa•d 'DO NOT ns!' &Ad returaed 
to Gra~d 1uactioa for repair. 

TWo alpha aeaasreatAtl wert aadt at each dtliAtated locatioa withiu the abaa
do~ed buildi~l•· Four aeaaureae~t locatioaa were dtliaeated for WYtry 1000 
square feet of floor apace, with a abia1111 of four loca Ucnu per buUdba. The 
first readi~l was a direct aurfaoe readi~l· The locatioa waa the~ wiped or 
brushed clt&A a~d a aecoad readi~l waa tatea. A aarttd decrease ia ooaat rate 
pro•ided •~ iadicatioa that tle co~taai~atioa ia rea~able. For the two build
i~a• still iA uae. the lalchita lealtl Ceuter •~d·tle locked atoraae buildi~l• 
both direct readiaas a~d aaeara were oollected. The caeara were tate~ at the 
saae locatio~ aa the direct readi~l· Tl• saeara wert coaated aai~l a Lsdl1111 
Model 2000 Scaler with a Lsdlaa Model 43-17 detector for a period of 3 ai~utea. 
A atetch of each buildiaa ahowiAI the approziaate alpha-aeaaureae~t locatioa 
waa pro.ided with the data. 

The four areaa aeltoted for bactarouad aeaaureaeat1 .. ar tlt aitt iaclade aa 
area approztaately 3 •ilea ~ortheaat of the aite aear the Mezica~ Bat loct, aa 
area ! ail•• to tlt· lOUth, lA area 2 aile& to tlt weat-louthweat, •~d &A area 
0.! aile to the eaat. Tlt bactarouad lite to the eaat waa located juat weat of 
Gypa .. lath, ai~o• there are ao acceaa roada acr011 Gypaa. lash to allow 
eatablishaeat of a bactaroa.d aite at least 3 ailea eaat of the aite. Three 
ailea to the ~aat of the aite ia the creat of tle laplee A~ticliae which ia i~ 
a differeat aeolo1ic aettiaa. All of the bactaroa.d aitea were located i~ 
silty ••~dato~•• &Ad ahalea of the lalaaito Toaaue of the Cutler Foraatioa, 
aiailar to the aeoloaic aettiAI at the aillaite. 

At each bactaroa.d aite. PIC , .... ezpoaure-rate aeaaureaeata, delta-a ... • 
aeaaureae~ta, a~d aoil aaaplea wert tatea. Soil a .. pltl tatea duriAI the 
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o~ieatatloa ~iait ••~• aaalysed to~ Ja-224. Tk. E. aad aoiat~• CLOD). 0.. 
aaaph waa aaal7sed to~ tJ-234. tJ-231. aad ft-230. Soil IUJ'lla taba at llack
aroaad altea d~i•a eke tleldwo~t pkaae ••~• aaalysed to~ la-224. Tk, aad 1. 

4.0 pm,D 

Data olltaiud d~t•a tka fleldw~t ,._ .. of tbe p~jeot are p~ea1ated ia 
Appeadtcaa I tk~oap G. Dilnalioa of tke nawlta of 11cll taak perlomed llotk 
da~iaa aad aft•~ fleldw~k la •~••••ted ta ..... , ... t aeotioaa ot tkia ~•po~t. 

4 .1 Plliiru -svmx •PVLD 

Befo~• eatallliakitl ue haeliua u1d ia pid4iq tkl aUe. tlll Tkeodollte &ad 
Geodt..t•~ ••~• 11t ., 0.1~ ~o 11parat1 llraaa-oapped ooat~ol poiata, aad tkl 
diataace lletweea tk1 two poiata waa aeaa~••· T.k1 .. a•~•• diataace waa coa
pa~•• to tke calcalatld diataace aad ~••alta iadioatld &kat eke diff•~•••e 
lletweea tb aeaa~•• aad tk1 cal calated dhtaaoea waa laaiplflcaat (leu tll&a 
0.30 ft). loUowiaa tUa olleot. tbe llaaeUua ••~• eatablhbd. 

~~- eke llaalllua, '"•~al awzllia~ Uua ••~• eatablllked wltk tlLe 
'l'leodoUte aad Geodialte~ at ~ipt aaalea to tbe baaeliua. ~~- tk••• liua. 
a~idpoiata ••~• ••t _, tape aad liu of ai&kt. A total of 145 l~idpoiata fo~ 
a .. pliaa au .. a•~ ... •t• ••~1 eatabllaled. 

lo~ekolea ia ~•a• C aad D were looated uiaa a at11l tape aad eziatlaa poiata 
aa llu of alakt •~~~ to •~tlllaa. s ... ~al bo~elolea ta ~eaa c aad D ·~~· 
acwed 1ly eke Bea4iz SUe .... ,.~ to a'f'Oid powerllua, ooao~ltl foadatioaa. 
a~aoe lledzoct, o~ otk•~ obatraotioaa. tl111 kolea we~• aau117 ao.ed oal7 a 
few feet .. iaa a·aeaa~iaa tape aad llu of aiakt. Bo~ekolea la Areaa I aad J 
••~• stated at app~ozt.ate locatioaa, llaaed oa eke a .. ple dealaa aap p~cwided 
by 1aooba laaiueriaa Gro... ..117 of tk111 kolla ••~• acwed aad ~•atabd _, 
tke.Beadlz Site Maaaa•~ aad eke Teckaioal Aaaiataaoe Coat~acto~ to ao~• accea
aillle locatioaa ~ to locatloaa tllat woald 71114 tkl lleat aaba~fa~e lafozaa
tioa. Aft•~ drilllaa. all lolea ia Ar••• I aad P ••~• 1~171d fraa eziatiaa 
coatrol atatioaa to tlle .. areat O.S ft. 

Ble.atioaa of all bo~ekolea were eatablialed b7 diff•~••tlal le.ellaa ll•~••• 
coat~ol atatloaa. Ia tlll aill 7•~• aad o~e-atoraa• ar.a, t~ft'eraea were .... 
f~aa Statloa S to Statioa 1 to Statioa 4 aad llack to Statloa s. aad f~aa 
Statloa 1 to Statio• 1. tle diff•~•acea ia ele.atloa •~17 olo•~•• aoted at 
Statioaa 7. 4, aad S were -o.04, -o.01, aad 0.03 ft, ~•apecti~117, aad eke 
dlffereaoe la ele.atloa aoted at Statioa I ••• -o.OJ ft. Aroaad tlle apper 
tailia11 pill a t~•~•~•• waa aade f~aa Statioa ~ to Statloa 1 aad bact to 
Statioa 3. No diff1~1t01 Ia llWYatioa oloa~• waa aoted witkia tkia t~•~•~••· 
Arowad tke lowe~ taili•l• pill a t~•~•~•• ••• aade f~aa Statioa 2 to Statioa 7 
to Statloa 3 aad bact to Statioa 2. Tk1 dlff•~eac11 ia ele~atioa clo•~•• 
aoted at Statioaa 7, 3, aad 2 ••~• -o.11. +0.01. aad +0.10 ft. ~eapecti~e17. 
'l'le a.e~a11 clo•~• dlffe~eaoe aoted at Statioa 2 waa -o.01 ft. All bo~ekole 
ele~atioaa ••~• detemiud to tke aea~••t 0.1 ft. 

14 

I 
I 

I 
I 
I 
I 
I· 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
-I 
I 
I 
I 

The locatioa of ••~wr coatrol atatioaa, eatabliahed sridpoiata, aad borehole 
locatioaa are ah~ oa Platt 1. 

4 .2 son. SAJIPLING gsm.n . . 
A total of 2J3 aoil a.-plea were collected aad aaalyzed for radi.a, thoriaa, 
aad potaaaiaa: r•••lta are preaeated ia Appeadiz I, Table B-1. D•plieate aaal
yaea were perfor.aed oa 27 ... plea for all three radioaDclidea: the rtaalta art 
prtaeated ia Appeadiz C, Table C-1. D•plioate aaaplea are ideatified by the 
prefiz MIG. Appeadiz C, Table C-2, preaeata the radiaa data for the oriaiaal 
aad dDplicate aaalyaea to perait oa.pariaoa of the retDlta. 

The difftriaa ooataaiaatioa pattera• deacrlbed ia Sectioa 3.1 of this report, 
with the ezceptloa of arroyo ooataalaatioa where aoil aaaplea were aot takea, 
are ladicated ia the reaalta of aoil-aaaple aaalytea. Fis•r• 2 ahowa the 
diatribDtioa of radiaa coaceatratioaa for toll aaaplea collected at G-to-6-ia. 
deptha. Fis•r• 3 shows the locatio• of soil aaaplea h&•ias sreater thaa 5 
pCi(ela-226)/J radiaa coaceatratioaa la aoil aaaplea takeD at 0-to-6-la. deptha. 

Yiadblowa coat&aiaatiOB (Azea A) IZCetdiBI 5 pCi/1 radi..-226 iD IDrface (0 to • 6 ia.) aoil aaaplea ia preaeat ia a broad area to the aortheaat aad east of the 
lower tailiaaa pile. Soil aaaple• takea at &rid poiata N10152 aad EJ2JO, 
Nl0000 aad EJ200, N9960 aDd !9246, aad N10600 aad !10400 coataia radiaa coacea
tratiOBI of 369, 535, 676, aad 100 pCi/J, rtapecti••ly. The firat three a..
plea are related to a.all pilea of aaterial ooataiaia& araaiaa ore aad the 
foDrth was takea froa the bottoa of aa arr070 ooataiDiBI water-traasported 
taili•&•· All of the reaaiaiDI aoil aaaplea ia Area A ooataiaia& sreater thaD 
5 pCi/1 la-226 art related to wiadblowa ooataalaatioa. Aa ahowa by the delta
l&mma data takea at a depth of 6 la., the wladblowa coat&aiaatioa la restricted 
to the Dpper 6 ia. of aaterial ezcept for aD area alODJ the eastera tdlt of the 
lower pile. ODly oat ••rfaoe toil , .. ple la Azea I haa a coaceatratioa of 
radi.a-226 ezceediaa 5 pCi/a. this iadicatea that wiadblowa coataaiaatioa ia 
iDii&BifiC&Dt IQDth of the pile. 

Coataaiaatioa ia aoil aa.plea takta froa the aill aad ore-atoraJe areas (Area 
C) .is hiJhly •ariable. West of approzt.ately !7600, the radi~226 coaceatra
tioaa ia aoil aaaplea are at or aear backJroDDd coaceatratioaa (1 to 4 pCi/J). 
Eaat of approziaately £1600 to the •pper tailiDJI pile. the radiaa coaceatra
tioaa •ary 1reatly raa&iDI froa J to 363 pCl/a, reflectiaa the tcattered ore, 
tailiDI•• aad coataaiaated debris fowad iD thia area. Xaay of the aoil aaaplea 
takea iD Azea C correapoad to borehole locatioaa. 

Soil aaaplea tatea ia Area D ha•e coaoeatratloaa of la-226 at or aear bact
sroDDd le•els, ezcept· those taktD ia the waah or arroyo which draiaa Area D to 
the aorth •• the ... plea froa the waah ha•• la-226 coaceatratioaa raaai•l froa 2 
to 48% pCi/a, which repreaeat spotty coataaiaatioa by tailiaaa aad alia•• beia& 
traaaported dowaatrt .. dDriDI period& of heaYJ raiafall. 

Eq•i•aleat-thoriaa coaceatratioas ia aoil aaaplea are hiahly •ariable, raasi•l 
froa 0 to 1384 ppa. The hi&heat coaceatratioaa of thoriaa are related to soil 
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aa.plea ooataiaiaa a2aai .. o~e aad taillaaa. Tle looatioaa of soil aa.plea 
ooatalalaa tllod• ia ooaoeatnUoaa .~ .. u~ tlaaa 15 ,,. •~e uowa la P'lav• 4. 
A dlacaaaioa oa ooZ%eotloa faoto~s .. ed to oo~~••t rsdioloalc aeaaa~ .. ••t• fo~ 
tlaod• ooatd1t1lUoaa ia penated ia Seotloa 4 .3 of t!Lb ~•po~t. 

Potaaai .. coaoeatntloaa ia soil a.-plea •~• aeaerall7 low 1t1lt a~e also ••~l
a1tle aad raaa• f~a. 1telow deteotloa ltalt C<O.$ pe~oeat) to 3.2 p•~••at. A 
diao.asloa oa oo~~eotioa faoto~s ... d to oo~~eot ndioloaio ••••veaeata fo~ 
potaasi• ooat~i1tatioaa ia P••••c•d ta tlLe followial seotioa. 

4.3.1 Soil-loiatJle Co~~ectipa Faotprs 

Loaa-cna-dz7ia1 CLOD) •••vneau w•~• pe~fomed oa tea perceat (21) of t!Le 
soil aaaplea oolleoted dvial tlLe fleliwo~t pJLaa• of tJL• atsdy aad oa 16 
aaaples oolleoted dvia1 tJLe aite-o~ieacatloa Yiait. to derl•• aa •••~•ae 
aoil-.oiatve-ooateat ••1 .. fo~ t!Le site (Appeadiz B. Ta1tle 1-2). lased oa 2$ 
soil aa.plea tatea at a deptlL of 0 to 6 la •• t!Le a••~••• aoiatve la 1.6 
peneat. two aaaplea taba at a deptb of 6 to 12 la. aad ou auple taba at a 
deptlL of 12 to 11 ia. kad aolatve ooateata of 1.13 pe~ceat, 2.6$ perceat. aad 
6.26 pe~oeat, ~llpeotiYI17• 

Soil-.oiatve oo~~•otloaa w•~• applied to ia-alt• ndi .. aeaav .. eata to ooa
•ert tlLe aeaav .. eacs to dr,r-weiJkt ndi .. ooaceatntioaa. Tle oo~~eotioaa 
we~• calowlated, aalaa tbe aolatve ooat•at of tbe soil. f~a. tJL• .... tloa 

'·. 1 + 1.11 [~(1-1)) (3) 

where K ia tlLe fnctioa of tbe total weliJLt aocoaated to~ 1t7 water CKaratatr 
aad otlae~a. 1JI4). 

Becaase oali1t~atioa-pad aoiata21 a .. t also 1te taba iato aocoaat. tlL• ratio of 
&!La aoil-.oiatve oo~~eotioa to tlLa oa111t~atioa-pad-.olsta2e oo~~eotloa la 
applied to the data aa follows: 

'~-· 1 • 1.11 r•,I<1-M,>l 
1 • 1.11 r•,1<1-•,>1 

(4) 

where •t is tJL• soil-aolatve ooaceat dettzaia•d fo~ eaolL a..,ltaa deptlL later
••1 ia ~ at1ld7 a~ea aad •, is tlLe oall1tntioa-pad aoiatve ooateat (app~oz
laat117 11 pe~o•at). Slace t!Le aohtve ooauat fo~ tJL• ,_t0"'12-la. dept!La wu 
aot siaalfioaat17 differeat f~oa tlLoae of t!Le G-to-6-ia. aaaplea, tlLe aaae 
co~ectioa facto~ (F~ • O.IJ) was applied fo~ data ia tlLeae dlptlL raaa••· Fo~ 
t!Le a-.ea soil aaaplea taba 1telow a deptb of 12 ia •• a oo~~•ctioa facto~ of 
F~ • O.J4 was applied. 

4.3.2 Pl••aJlli)ripw Cor~ectlop pactpr 

ladoa eacapiaa fraa tlLe soil dec~••••• tlL• appareat ooaceat~atioa of radt .. 
•••••r•d ia alta 1tecaaae tlae ia-aita aeaaveaeat teclLaiqaa actaall7 ••••ar•• 
a~a-ra,-eaittiaa radoa daaaJLtera. the ~o.at of tlLla deer•••• ia tlLe frac
tioa of radoa t!Lat eacapea f~oa tlLe aoil. 

11 

I 
I 

I 
I 
I 
I 
I -
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I I I I I I I I I I I I I I I ·I I I I 

N
 

-

I 
c 

c 
I 

~ 
I I 

c 

I I L
 

c 
1-•l I 

-
c~ 

c 
l_., 

1~ 
C

 
C

 
I 

. 
Q

 
I 

a 
I I 

-
I L_ ---, 

c 
a::l 

' ~ 

-
Q

 

-
-

i I I ' I 
~
 

I I I I ' I L_ 

o
_

 c ... c 

~
 8 

0 
C

 
I 

0 
c 

-----

. . 
., • 

.., 
1 

-
Clo 

"' ... • • t: .. • .. • • .. a
l 

• • 
-

0 

-
-

-
.. 

en 
• 

~
 

.. 
c 

.. 
as 

a 
en 

., 
~
 

u 
0 

a 0 
J:: 

c., 
--

I 
- en as 

-
w

 
.. 0 

-
~
 

Q
) 

Q
) 

... 
• • 

a
') 

- .. • = 
0 

• • 
~ 8 0 

-. •• •• • u 
fn

 
• 

c 
-- -10

 
0 

fn
 

0 
.. "" oo
 

..... 
• 

0 
..... 

0 

-· ... ... u 
Clo 

0 
• 

·= ... • .. • • -a. 



ltaalta at labo~atory .. a••~ .. ••t• of dlaeq•llib~t .. betweea ~dl .. aad ita 
~adoa da•aktt~l fo~ 2 aaaplea tatea d•~l•l tle aitt o~ieatatloa •talt Yt~t 17.1 
: 1.0 pe~ctat au 11.6 : 1.0 pe~ctat. n. a•t~alt of tilt two •alu1 il 11.2 : 
1.0 pt~ceat. ~11 •alae 11 lawt~ tkaa p~e.io .. lite dlatqatltb~t .. •al .. l 
p~obably d .. to tilt low .atat~• ooattat of tilt aolla (1.6 pe~ctat fo~ deptka 0 
to 6 la.). 

• •• 1/Cl-1) (S) 

·~·~• P1 1a tle d11tqalllb~l .. co~ectloa aad I la ~ f~actloa~ot ~doa 
eacaplat f~• w 10U. n. appanat-ndl .. ooactat~atloa oalnlated f~011 la-
11ts data la aaltlplltd b7 tle dlaeqsi111t~t .. facto~ to dete~1 .. aotsal ~ad1 .. 
ooanat~tioa. leoaaae cu oall1t~Uoa pada alao .... u ~aa Capp~oziaatlly 
10 pt~oeat). tlt flul oontoUoa '"lied to cu field data la tle nUo betweea 
tkt field dlatqsl111t~l .. coneotloa aa4 tlt oa111t~atloa-pa4 dlatqsl111t~t .. 
oo~~•ot1oa, o~ 

1/(1-lf) 
,. • • 1.10 • 11u-a,> ( 6) 

Yltre I la tilt fnottoa of naa 11Cap1DI f~- tlt pada (10 ,.~ ... t) aad It la 
t~• fnlttoa of ~adoa eacap1a1 f~• t .. ao11 (11.2 pt~oaat). 
4.3.3 Ptlta=§•.,a Keaapr••••t •••!lt• 

tle raw data collected d~1•1 tilt fltld •~ey ••~• •~•~ttd to tq•1•aleat
rad1 .. ooaotatrat1oat ••t•1 oontctloa facto~• fo~ ao1ttazt, 41ttqslllb~iaa. 
au tlori .. ucl potau1 .. coaotat~aUoaa. aa wtll 11 tile uotaaarr cal·l1trattoa 
facto~• obta1ud f~aa oall1t~tioaa pt~o~•• oa tlt DOl Walta~ Pltld calibra
Uoa padt. 

n. ••uUoa fo~ data ndaotloa la 

(1) 

·~•n Ca il ~dt .. oo•c•atnUoa la ,C:U••a-226)/1• t 1a Ia tle dtlta-ooat 
calibratfoa facto~ ia pCi(tla-226)/J pt~ cpa, 1·11 a••ra11 .. t coaat ntt 1• 
cpt. P~ ia tkt aoiat~t oornotioa facto~ Ca••na• ,.~ a~ea), 5r 1a t~t tt~lp
PiDI facto~ ta ,Clftla-22,)/a ,.~ pe~otat 1. ~ la pe~otat I h••n•• ,.~ 
area), ~ 1a tle atrlppial factor. Ia pCi(tla-226)/J ptr ppa T.h, Cr.k ia ppa T.h 
<•••r••• pe~ ana), au P~ la tlt dlatq•l111trt .. co~~•otloa facto~ <•••r•1• PI~ 
area). 

T.ht dl••••i111tri .. oo~~••tioa facto~ cr:> dttt~latd for tlia ltsdy la 1.10 
(of. Stctioa 4.3.2). tle aolat~t oo~totloa facto~ CP~) fo~ tlla atsdy area 
h 0 .It for ataaare•••ta ltu tlaa or equl to 12 ta·. la dept~ aad 0 .J4 fo~ 
aeaa~ .. ••ta areatt~ tkaa 12 ta. ta dtptl. ltaa tlo~i .. aad potaaalaa coacta
tratioaa for tlt alllaltt wert dett~latd froa laboratory aulyata of a 1roap 
of aoll aaaplta ooatalaiat ••'7 ~ilk coaotatratioaa of t~o~t... tlt atatia
tical ••a• for tloriaa ia 31 ppa. To oo.ptaaatt for tltat ~1&1 •al .. a, all 
thoriaa ••lata areattr thaa 15 ppa wert, fo~ t~t parpoat of data rtdactioa, 
placed ia a atparatt fllt whtrt tkt locatloaa of tkt ~ilk tkoriaa aaaplta wert 
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checked aaai~at locatio~• of delta-a•=-• aeaaureae~ta. Delta aeaaureae~t• 
takea at the aaae locatio~ aa aoil aaaplea co~tai~i~l hilh thoriaa were correc
ted iadi•id .. lly for thoriaa. The reaaiaiaa delta-aamaa aeaaureae~t• were 
corrected for thoriaa •aiDI a aea~ co~c•~tratio~ of 6.6 ppa. A aeaa potaaai~ 
CO~CIDtratio~ (CE) Of 1.3 perCI~t W&l Died tO red•ot thl dtlta-a&maa~ata. 

Vac•rtai~tiea i~ radia.-coace~tratio~ •aluaa w•r• calculated ••iaa th1 equatio~ 

( 8) 

where ~ ia the uacertai~ty ia radi .. co~ce~tratio~. N• a~d Nd art the 
~ahi1ld1d (VP) oowata a~d delt• or differ1act coaata, rtap•cti••ly, t ia th1 
co~tiaa i~ttrY&l (tia• ~~ aeoo~da for the VP co.at), a~d the other paraaettra 
art aa d1fi~ed abo.t. Th••• wacertai~tiea r•flect co•~ti~l •rrora o~ly. Not 
i~cl•ded are the aacertai~tiea ~~ the equi•ale~t-radiaa co~c•~tratiOD i~tro
d•ced by the errors aaaociated with each corr1ctio~ a~d calibratioa factor. 
At low radiaa co•c•~tratio.a, the cowati~l uacertai~ty ia, aoat liklly, thl 
laraeat source of error 1~ thl aeaaureaeat. At hiah co~ce~tratio~a. howa.er, 
the reported coaati~l wactrtaiaty la lik1ly to be ~•rahadowed by errors 
iatroduced by the corr•ctioa- aad calibratioa-factor aacertai~tiea. 

Eq•i•aleat-radi .. co~ceatratioaa deter.aiaed aai~l the d1lta-a~• .. thod aad 
their aaaociated two-ataadard-dewiatio~ couati~l uaotrtai~tita art r•ported ia 
Appeadiz D, Table D-1. Fiaart 5 ahowa locatio~• where the eq•i•ale~t-radi .. 
coateat of the aoil ezceeda 5 pCi/1 aa dettrai~ed by the delta-aa .. a aethod. 
Fiaare 6 illaatratea the diatrlb•tloa of the dllta-aa .. a aeaaureaeata ~•r the 
ra~a• of eqni•aleat-radiaa coaceatratioaa deterai~ed for the aite. 

With the ezceptioa of dtlta-aa.aa •••••reaeata i~ arroyoa, aearly all of the 
delta-aa .. a aeaaureae~t• were aade at a depth of 6 ia. &I ap1cifi1d ia the 
Stateae~t of Wort. The aeaaure••~t• were aade at approziaatlly half of the 
aridpoiata ia Areas A a~d B, aad at all of the aridpoiata (ezcl•diDI borehole 
locatioaa) ia Areas C a~d D followi~l thl colltctioa of a 0-to-6-ia. aoil 
aaaple. The alteraatiaa aoil aaaple/delta-aa .. a •••••reaeat aethod described 
ia Sectioa 3.3 waa •aed to deter.aiae the depth of coataai~atioa ezce1dia1 EPA 
ata~darda. 

The rea•lta of delta-a~• aeaa•rtaeata tatea ia areas coataiaiaa wiadblowa 
coataaiaatioa CAreaa A aad B) iadicate that eq•i•al•at la-226 coaceatratio•• 
below a depth of 6 ia. are at or ~•ar bactaroaad·coaceatratioaa. By coapariDI 
th1 G-to-6-ia. aoil-aaaple data aDd the 6-ia. delta-, ... & •••••reaeat data. 
it appears that wiadblow~ coataaiaatio. ezceedi~l 5 pCi/1 la-226 ia coafiaed to 
aur-ndace (0 to 6 ia.) aateriala. 

Delta-a~• aeaa•reaeata ia arroyos of Area A iadicate that ezteaai•t coataai
aatio~ coaaiatiaa of a aiztar• of water- a~d wi~d-traaaported tailiaaa ia pre
••~t i~ acatt1r1d aaad bars alo~a each of fo•r arroyos a•rY•yed. The ezteat of 
th1 coataaiaatio~ •aually 1zte~da o•taid• of awailable ait1 aapa. Therefore, 
ia App1adiz D, Tabl1 D-2, locatio~ ••1••• of 99999 ari si••~ for aeaaureae~t• 
takea o•taidl the site aap. Bow••er, ia thl reaarta aectioa of thl data-entry 
ah••t•• the aeaaureae~t• art refereaced to a kDowa poiat (e.a., 400 ft dowa
streaa froa N10600, !1200). The depths of coataai~atiOD ezceediaa EPA ataa
darda aeaerally correapo~d to depths audtd to reac.b. bedrock. The arroyo 
bottoaa at the aitt are floored by bedrock a~d ia aaay cas•• bedrock ia reached 
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at a deptll of S to 4 la. Oaoe b•dnok ia ~••••· U• •••i•aleat-ndi._ 
ooaoeanaUoa falls ltelw ue IPA ataUari of S ,Ci/1 a_bcwe baot1~o...a •. n.· "
a~~o,o ta Azea D eoataiaa ella _, ... type of ooao•atnttoa. bat d .. to a l~•ate~ 
tkict:uu of •tedal ia tl• bott• of U• aftoyo aoaU of V.I. Bi&ftay 163, 
tk• anoyo waa ab~aoteda•d 1r7 d~UU.a1. No~tla of u. lll1kway. ·~••• 
delta-a .... ••aaaceaeaca tadicate tke ooataataactoa eat• ... oaly app~oztaately 
300 ft ...... u ... f~- cu u,Jaray. 

n. ul ta-a .... aeaavea•ata fn. tke aU1 yan aad o~e-atona• a~•a C.Uea C) 
tadloate tbt wttla cu ezoepctoa of au a~tdpotau CMaOO, 17600: NIOOO, 1"1600: 
M'7100, 17600: M'7600, a'ffJS; 11'7100, 11200: aad 11'7600, 11400) tU da-226 ooaoea
t~aUoaa at a deptll of ' ta. a~• le11 tlaa S ,Cl/a. Of n. llz:Maaac ... at 
looatloaa tlat ooataia ooaoeat~atloaa ~eat•~ tba S ,Cl/a. foac ~• looated ta 
a l»onn-pU a~•a ltetw••• tJ&e pa.el ~oad oa U. nat ••P of tJa• allldte aa4 
o~e-atona• •~•• aad U• pa••• ~oad to la1oJatu. 1le ~--ta!aa two looattoaa 
•~• looated adjaoeat to .aU •• pU•• atU1 peaeat la tile o~e-atonp a~ea. 
Delta-a .... aeaav•••ta at two of tla• abcwe pldpolata (11'7100, 11200 aad 
N7600, !1400) yielded aeaatt•• ela-22f ooaoeauatloaa ... to oo~~•otloaa fo~ 
laip cllo~t• ooaoeat~atloaa. SoU auplea taba at a deptla of 0 to f ta. at 
tl&••• looatloaa ooataia Ul aad 157 ,,. eft, napeott•e17• OU•~ eoll auplet 
ia Azea C alto ooataia latp ooaoeat~attoaa of Uo~l•. ft••• IUPl••· laow•••~· 
oo~nepoaded to l»o~ellole looatloaa aa4 wU1 be dllnaaed la Seetin 4.4 .l. 

4 .4 IO'POLI PIP r DfQ, uma. AND LOGGDBI DSVLD 

4.4.1 Prtllta• ape '"''''' •••J1ta 

A total of 117 bo~ellolea ••~• ~llled, of wlaloJa 47 ••~• located ta tlae atll 
ya~d aad o~e-etona• •~•a (Azea C), 17 ••~• looated la tile aewaa• poad aa4 
·~~oyo ana ta tile u~tl&weet po~Uoa of tlae lite (.42ea D), 2J wen looated 
aloaa tl&e pe~iple~ of ella .,,.~ pile (Azea 1), 21 ••~• looated aloaa tlae 
pe~iplae~ of ell• low•~ pUe (Azea F), &ad 2 llol11 ••~• added to teat ptl•• of 
coataaiaated aate~tal la Azea A. T.la• bo~ellole ••b•~•· ooo~diaatea, aad ele
T&tioaa are taol ... d ta Appea4iz I. 

Bo~elaolea ta Azea C ••~• ~111•4 1ry traot-.oaated ••••~ aooo~dia1 to tile 
looattoaa •peotfted ta tlle ltac ... at of lort, wttla tile ezoeptloa of I bo~elaol•• 
(JIA%-o13, 011, 022, 023, 02f, OJ'7. 041, aad 051) tl&at ••~• acwed to ••old 
•tilltiet, eaiatiaa atraotacea, aa4 oclle~ obttraotioaa. lo~el&ole IA%-o51 ••• 
deleted dace it waa looated dl~eot17 oa h~oot. lo~elloh deptl&a wen aeuz
ally •l&allow•~ tkaa o~tataall7 eatt.ated deptka d .. to U. al&allow deptla to 
b•d~oot. 

Bo~elaolea la Az•a D ••~• ~Uled wttll a traok-aoaated a•a•~ acoo~diaa to 
tlae Stateaeac of lo~t wttla tile ezceptioa of bo~el&olea IA%-G11. 01J, 011, 016, 
aad Oil wlatcl& ••~• aa.ed c .. co difftoalt aooeaa o~ tl&allaw deptll to bed~oot. 
Borello!• IA%-GI4 ••• •••ado••• c .. to botl tlae lact of aooe11 aad to al&allow 
deptla to bed~oot. Bo~el&ole IA%-oiS ••• ~llled .. taa a po~ta•l• ••••~· 

Bo~••olet ia Areas I tad F. wlaicla laad app~alaate locatloaa 1peotfted ta tlae 
Stateaeat of Yo~t. ••~• d~illed wttla botl& trao~oaated ••1•~ ia easily acceaa
ible locatioaa aad po~ta•l• ••1•~ ia difflcwlt-accell &~1&1. Borel&olet ••r• 
located by tlae Teclaaical A.eiataace Coat~aoto~ aad tile Beadiz alte aaaaa•~ to 
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aoco.aodate 4d1111l& aad to p~cwi .. tilt beat aabavface 11Lfonauoa. Borelaol .. 
o~ilia&lly looattd aloa1 tlat aoatlat~ pe~1plaery of botla piles we~• acwed iawa~d 
to tlae •••• of tlat ta11iaaa becaaat tlae o~iaiaal app~oziaate looatioaa w•~• 10 
to 1: ft ia el .. atioa abcwe tlat tailiaaa piles, wlaicla woald laaTt ~•q•1~•• 
4r111ial approziaately 10 ft of bedrock to ~••cia tlat 41aired deptla. ~11e 
laolea were 4ri11e4 to 41te~iae tlae aaoaat of leaolaiaa of ooataaiaatioa below 
tlat tailiaaa/bed~oot iaterfaoe. 

Ia Azea A two .. all areaa ooataiaed tla1ck aco .. alatioaa of ooataaiaated aater-
1&11 (talliaaa, •raai .. o~•. aalfv, aad otlae~ deb~ia) wlaicla ooald aot be tally 
•••laated .. 1•1 tlae 411ta-aaaaa aeaaveaeata. Oae bortlaole was plaotd ia tlae 
approzt.ate oeater of eaola pilt of ooataaiaattd aate~ial. 

A soil aaaple was tatea froa a deptla of 0 to f 1a. at tacla bo~elaole looatioa 
pdo~ to 4rilliaa. Appea41z I, Tabl_~. B-1 __ toat&iaa..th...zualu . ...tf aa_all.th of 
tlae auphs. 

4.4.2 Geophysical Borehole-L9ccipc leaalta 

· 4.4.2.1 Borehole Loacipa with the Irpct-Noaated Systea. The tract-aoaated 
apeotral aamaa-~ay loaaiaa r,ratea was •••• to loa 32 •orelao1ea of wlaicla 10 w•~• 
la A~•• C, t were la Area D, f we~• 1a Area I, aad 1 were ia Azea F. tl. 
~adioaet~io loa• •~• p~cwided oa ai~oflclat la Appead1z 1: bo~elaole-loaalaa 
aad eqalpaeat data •~• p~••••t•d la Table 1-1. 

The loa• of bo~elaolea located la tlae o~e-ato~••• •~•• (Area C) ladlcate that 
coataalaatloa ezceediaa tlae EPA ataadard of 5 pCi(ela-:2f)/a abo•• bactaro .. d 
11 spot~ aad raaaea froa ao coataaiaatioa (IAT-G21, 023, 02t, aad 045) to 
ooataaiaaUoa at a deptla of 5 ft CBAT-G22). The 41tpeat aad aoat ezuaaiTt 
coataaiaat1oa 11 fouad 1a boreholes avrouadiaa tlae foaadatioa of tlat old aill 
CIA7-G22, 026, 031, aad 035). Tlat bo~elaole drilled aezt to tile tract scale 
also ooataiaa ooataaiaatloa fraa tlal asrfaoe to 4 ft la deptla. 

Loa• of borelaolea located la Azta D also iadlcat• tlaat coataaiaatloa ezctediaa 
EPA staadarda ia apot~. Ia aeaeral tlat ooataaiaatioa la alaallow (0 to 6 ia. 
ia IAI-G73, 074, 010, 014, aad 011) wltla tlae ezceptloa of borelaolta IA%-G71, 
075, 011, 013, aad 016, wlaicla laa•• spotty ooataalaatioa to a deptla of 4ft, 7.5 
ft, 10.5 ft, 6.5 ft, aad 2 ft, ~eapectiTely. Til••• laolea art locattd la tlae 
·~~oyo coatalaiaa water-traaaporttd ta11laaa. 

the loa• of bo~elaolea aaiaa tlae tzact-aoaattd r,ratea looattd la Aztaa I aad F 
are coafiaed to bo~elaolea located aloaa tlae ao~tlaera perlplaery of the appe~ 
aad lowe~ piles witla tlae ezceptioa of borelaolea IA%-120 aad 121, located oa 
tlae west eda• of tlat apper pile aad BAT-110 located oa tlat aoatla portioa of 
tlae ben road betweea tlae apper aad lower pUt. CoataaiaaUoa, witla tlae 
ezceptioa of boreholes IA%-102 aad 103, 11 deep, oftea ezteadlaa to tlae total 
deptla of tlae laole. 

4.4.2.2 Borehole Lo••ip• with the BASCAL PoEt&ble Syttea. The IASCAL aystea 
was •••• to loa boreholes tlaat were ••••rally aot aoceaaible by the traot
aoaated loaaiaa r,ratea or tlaat were alaallow C<5 ft). The ~dioaetric loa• •~• 
p~o•i4e4 oa aicroflclae la Appeadlz 1: borehole-loaalaa aad eqaipaeat data are 
preaeated ia Table 1-2. 
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Vaoortaiatloa ta tlo fiaal ola-22( ooaooatratioaa w•~• oa1c.tatod at tle JS 
poroeat coatU.aoo 1no1 ·cwo ataadari U.iatloa•> au laolU. tom• foe. tlo 
fo11owiaa par ... cora: 

• Statiatlol of tlo olttorPod oo .. t zsto. 

• Corrootioa faoto~a fo~ oa•laa. aaa•~ Jolaca. aad aolat~•· •• well a• 
ltaot~o ... ooat~iltatloal of potaaal .. au tlo~t .. ooaooatzstloaa. 

• n. k-faoto~ Cooa.o~atoa faoto~ fo~ total , .... -n,. oo•t nco to ndl• 
ooaooatzs Uoa) fo~ tb qat•. 

tl110 oal..tatod aaoo~taiatlo• .., ._ ..... toaotlo~ wltl oalawlatod ooaooat~a
tloa Yat .... to ,aaatifr radl• coaooa~atloa• •• ltoiaa doflaitol7 ltolow 
apociflo Ualta wltl JS ,.~ooat ooafldeaoo. 

ladlaa ooaooatntloaa at o~ aoa~ tle a~aoo, a• ladlcatod .,. ltoro~olo radlo
aotdo loaa. do aot aa~•• wltl ooaooat~atlO.. detomlaod frca a .... -ra, apoc
tnao~lo aaal71ia of G-to-f-la.-4eop aoU aaaploa, 1tocaa10 tU oalUratloa 
p~o•dvo dooa aot alaalato tb al~/•a~tl iatodaoo at tlo top of tlo •~•Jaolo. 
n. 1tonJaolo-lo11l•a 171t•a •~• oallltrated Ia tlo alddlo of a sou of ndl~ 
aotlYo aato~lal aaa ... d to appoa~ 1af1aito17 tJalot aad Jacaoaoaoaa fo~ a..a•-~17 
aoaontloa aad p~opaaatloa. tlla aaao aaa~tloa 1• tloa aado fo~ tlo lto~oJaolo 
wJaoa p~oooaataa tlo loa data, wltl app~op~lato deooa.olatloa to co~oot fo~ 
adjaooat ltod offootl, lt.C aoc .. az-a&2faoo aad aszfaoo aoa•v .. eat• fo~ tlo 
&l~/oa~tl iatodaoo oftooc1. · 

A total of 12 lto~olloloa we~• l0111d .. lq tlo IASC:.U. .,..,.. ro~t••• of tiL••• 
HroJaoloa woro 4rillo4 wltJa a ~rtaltlo ••a•r aad w•~• 1oaao4 witlloat caataa. 
Tho r .. atalaa ltorolloloa w•~• loaaod t~o•aJa llollow-ttoa ••a•ra. 

I.&SC:.U. ltorollolo loaa ia ~•• C la41oato tllat ooataaiaatioa, at witl tilt tnot
aoate4 lo111q. Ia apotty •• waa alao lad1oatod .,. tllo Ccapalo11•~ qttoa. Of 
37 Jaolot loaa•d aataa tlo WC:.U. .,.,, .. Ia tlh area, 27 of tU ltorolloho 414 
aot coatala ooataalaatloa oaooodtaa IPA ataadari1 ltolow a dept!& of ( Ia. Of 
tllo 10 tbt 4ld ooatala a~oato~ tba S ,ClCola-22()/a ltolow a doptll of ( la •• 
oal7 4 Jaad coataalaatloa ltolow a deptll of 1 ft. 

WC.U. loa• t~ ltoroJaolla 1a ~·• D 1a4loau4 ao ooauataaUoa oaooo4lal IPA 
ataadaria Mlow a deptll of f Ia. · 

Loa• of ltoroJaoloa la ~••• I au r lulcato tbt ooataalaatloa aloaa tlo 
ao~tlon ,.dpllo~ ot tile sppor aad lower pUoa CIIAT-101, 152. 154. US, 15(. 
aa4 151) la &!&allow, witll 4optlla to ( la. o~ 1•••· Coataaiaatioa aloaa tllo 
easton poripllo~ of tllo lower pile Cwiadltlow.-taillaaa area) 11 aoro oato.
aiYo, witJa doptlla to 12 ft. Bo~olloloa oa tllo aoatllon poripJaor, wore drilled 
to 1to4roct oa tllo •41• of ~ tailiaaa witll a portaltlo aaaor. Ia aoat ••••• 
tlao coataaiaatioa oacoo4a 5 pClCola-22()/J at tlo ltottoa of tile llolo. To 
fatly teat t!al aaoat of loaoJaiaa ltolow tllo tailiaaa/Balaaito allalo iaterface 
reqairea tnct-ao .. tod rotar, drilliaa. Loaa of ltoroJaoloa aloaa tlao woat •••• 
of tJao appor pile iadicate tJaat ooataaiaatioa la aJaallow, witll doptlla ••••rally 
leaa tllaa 1 ft. 
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Loa• of tke two bo~ekoles ia ~•a A CIA%-124 aad 125), whick ••~• ~illed to 
t11t .. all pilea of ooataaiaatioa, iadioate tkat ia IAT-124 app~oztaately 1 ft 
of coataaiaated aaterial ezlata f~aa •~face to be~oct; BA:-125 appea~a to 
coataia a 5-ft-tkict ao .. of ooataaiaated aatt~ial. 

4 .5 mm PING my'EI I!SVl,D 

lk• •llkt balldlaaa at tkt lazioaa Bat site ataad ia ~•lati•ely bilk , .... 
fields Coftea ~•f•~•d to aa 'pile aklae') d .. to tbetr prozialty to tbe 
tailiaa• pilea aad eke o~e-sto~••• •~•a, aad coaseq .. atly oaly oat iadoor , .... 
ezpo•are-rate aea•areaeat waa aade ia tke app~oziaate ceate~ of each baildlaa 
at a keiJkt of oae aete~. Sarface alpha aeaaareaeata were aada at approz
taately fo~ locatioas pe~ 1000 aqaa~• feet of floo~ apaoe. Ia abaadoaad 
baildlaaa a aarface ~•adlaa ••• tataa, tke •~face ••• braaked aad wiped witb a 
dlapoaable wipe, aad tbaa a aecoad raadlaa waa tatea. Tkia p~ocedara a••• a 
a•aa~al ladlcatloa of ~eao.able ••r••• aoaraao.ablt ooataaiaatioa la.ala. Ia 
the two occapied batldtaa• Cue lalcklta lealtb Cllaic aad tke akeet aetal 
akop, whick ia aaw aaed as a atoraa• &ked) dl~ect aeaaaraaeata ••~•·takla, 
followed by 1aeara oa lad-wipe fU ter papa~ wkicll wen tbea comated. Appeadiz 
F pro.idea balldlaa diaa~aa• akowiaa •••••r••••t locatioaa CFiaar•• F-1 tbroaJk 
F-8) aad alpha coataaiaatioa aad •zpo•are-rata aeaaar .. eat data CTablaa F-1 
tbroap F-1) • 

The Balckita lealtk Cllatc Cbaildtaa a .. b•~ I) aad tka akeat aetal akop ato~••• 
baildia1 Cbaildlaa aa.bar 2) 1kow little aiaa of alpha coataaiaatioa. Alpha 
••a•araaaata la tka for.aer trade ackool baildlaa Cbaildiaa aa.ber 5) alao 
iadlcate tbat little alpb ooataaiaaUoa la prueat, raaataa fna 10 to a 
aazlaa. of 130 cpa. Xack of tk• alpha aatl•ity appea~a to h r .. cwable. 
Baildtaa 5 appears to coataia a la~a• aaoaat of aal•aaeabla aate~iala C•·l· 
atract~al atael). Aaotk•~ .. all aetai balldlaa Cballdlaa ... ,,~ S) baa klak•r 
alpha acti•l&y oa the floo~ C135-220 opa), bat aoat of tke alpka coataalaatioa 
appears to be re.o.able aad the baildlaa itself appear1 to be ia aood coadi
tioa. the reaaiaiaa balldlaaa. tbl IC&ll koaae balldlaa c ... ,.~ 1), ·~-
craakiaa balldlaa Caa.ber 1), a•aarato~ balldiaa ca .. b•~ 4), aad u ... all 
brick baildiaa Caa.bar f), ••~• eltba~ hlahly ooataaiaated Caaab•~ 1 aad a .. ber 
1) or had little ••l•aa• •alae ca .. b•~ 4 &ad ... b.~ 6). 

Fo~ locatioas were clloaea for bacta~o.ad ••••~ .. •ata Ia the area of ue 
Mazicaa lat alta (cf. Fl,are 1). Tlzee of fl•• bactaroaad locatioas estab
lished darlaa" tbt site o~leatatloa •iait ••~• ckoaea •• fiaal bacta~oaad looa
tloas fo~ tbe site. A foarth locatioa ••• establiakad dariaa the fieldwork 
pha11 of the p~oject. Bacta~oaad aea1~1aaat areas ••~• to be, acco~dlaa to 
the Stateaeat of Wort, at least 3 all•• ea1t o~ ao~theaat of the site aad at 
lea1t 1 aile fraa ua site ta ouer dtracttoaa. Bact1~oaad locatloaa BG-1, 2b, 
3, aad 4 aze located approziaately 5 ail11 aoath, 2 ail•• weat-aoathYalt, 3 
ailes aoztheaat, aad 0.5 aile eaat of tbl lazlcaa Bat lite, ~&lptcti•ely. The 
bactazoaad locatloa BG-4 is located jaat Yilt of Gypaaa Wa1h; ue lack of 
acca11 to •~•a1 aaat of Gyp1aa Waah pre.aatad the eatabllabaeat of a bactazoaad 
alta 3 aile• eaat aa 1tated ia tka Stateaeat of Wort. All of the bactazoaad 
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au .. were looau• oa weatlend •. red· 1~lt'1 aaadatoua aM .. alaa of_ tla· 1 -•. 

lalaatto Toaa ... a a .. bar of tla C.tler Po~tioa. at.ilar to tla-aaoloaic. 
aattiaa at~ lazioaa Bat alta •. 

a .... azpoave-nte •••v•••'•· dalta •a•v•••ca .... IOU aaaplaa w·~· 
taba at aaa baotaroad looaUoa. laaalu of aeaav .. aata aJUI labonto~ 
aaalyaaa of aoU aaapha an ~·•••tad ia Appaa•liz a. Tabla G-1. 

lla PIC ezpoava-nta •aav .. aata J'hld a aaaa baot,road azpoa11n nta of-
11., :!: 0.'7 Ill/~ for tla lazioaa Bat araa wUoll la ooaailtaa& witll wal .. a 
reported by ~e.ioaa at.diaa. 

Dal ta-a .... ••••v•eata at aaoJl baotaroa4 loatloa iadloaca tllat baotaroad 
ala-22' coaoaacn Uoaa raaaa fr• 1 .1 to 2.! pCl/a wl tl a •aa of 1., :!: 0 .4 
pCl/a. 

Aaalyaea of aoU aaapl .. taba frca tla baot1road loatloaa bd la-22' ooa
ceatra tina raaaiaa fraa 0 .'7 to 2 pCl/a aiUl a .. aa of 1.2 :!: 0 .4 pCi/1• n 
coacaatratloaa raaata1 fraa 1 to J.J ppa aad a aaaa of 5.4:!: 2.1 ppa. aad E 
ooaoaatra Uou naai•l fr• 1 .J to 1.1 peroaac aad a aaaa of 1 ·.4 :!: 0 .3 paroaac. 
Por parpoaea of data~tai•l anaa ooataiai&l 5 pCl (ala-22,)/1 abo.a baot
arowad, a baot,road ooaoaatratloa of 1 pCl (ala-22,)/1 eaa ba aaad. 

5.0 ppnt 

Arr07o ooataaiaatioa ooaalatiaa of wia4bl..a aad water-traaaportad talliaaa ia 
the aoat widaapraad aad probleaatio ooataaiaatioa at ~ laztcaa Bat alta. 
Spotc,. ooataaiaadoa il pr .. aat la tla bott• of arr0701 fraa tlla aortl •. aorth
aaat, aad aaat ••••• of tho talllaaa pllaa to tlair ooafl .. aoa with O,.,aaa 
Yull, approdaatelJ' 2200 ft clolraatraaa fr• tla lcwar pila. fta ooataaiaatloa 
ooaaiata of eloaiatad aaad bars raaaia1 ia thiotaeaa fraa ' ia. to approzt
aately 2 ft. ftia aaterial ooataiaa ala-22' coaceacratioaa ,reatar thaa tlle 
EPA ataiUlard of 5 pCl/a abo.a bactaro .... 

Svfaoe wiadblowa ooataaiaaUoa il wtdaapread to tla aortlaaat aad eaat of c~e 
talliaaa pil••• ooat .. taactoa ezceeda S pCl(ala-22,)/a approztaataly 1000 ft 
aortJa aad approdaatel7' 100 ft aaat of tlla lower pile. laa111 u allow that aoac 
of thia coataaiu Uoa doaa aot aztaad below a daptll of ' ia. To tla aoatll aacl 
weat ao wiadblGWS ooataalaatioa ezoaadiaa S pCl(ela-22,)/a waa foaad. 

Coataaiaatloa la tha ore-atona• aad alll areaa h apott)" aad, d .. co tlla 
&hallow dept~ to badroot, la aeurall7 allallow aa wall. tlia oaataaiaatioa 
coaaiata of a wariac,. of aatariala iacladiaa taillaaa. vaai .. ore, aad other 
baried dabrh. na daepaac coacaaiaatioa ooova ia aa ana avroadiaa the 
lara• ooacrata to .. datioa of the old aill. 

na anaae pod aad an07o ana ia tho aor~eat portioa of tha alta clo aot 
appear co ooataia coataaiaatioa ezcaediaa 5 pCl(ela-22,)/a azoept ia aad aloaa 
the baaka of tJLe •all IHOJ'O Uai&i1ll tO the aorth • Ia IU U of Uill i1ll 
iadioate that uar the llead of tlla arroyo (uar tlla .,,.r pile) waur-traaa
portad taili•a• coataaiaatioa ezcaediaa EPA staadarda ia praaaat to aa aacll aa 
10.5 ft ia depth. Fartllar to the aortll aear U.S. lla~a,. 1,3, the ooataaiaa-
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tioa ia a~a!l~ Cleaa ~aa ·1 !t), tz:e,: !or 4oze~ aa:e~ial e: ~. eaat ~aat of 
~. ~~~=YC Y~trt co~tcai:a:e~ aa:eria! has ~••= ;i!ed tc a t~ick=Aaa of apprczLaatc!y • ft. 

S•••=•l h:ildi:11 at tlt Mazica~ Eat lite are ••l•••••blt or cc~taia lara• 
&aoa::s of aal•aaeablt aateriala •lick are ~ot co~taaiaated. the la!olita 
ltalt~ Cli~ic Y&l fo::d tO bt frtt of CO~t&ai:ttioa l~d i& JOOd CO~ditioa. the 
aleet aetal alop (fo~er lab baildi~a>. Ylicl ia •~ Baed for atoraae of iaa~a
tioa •~d ~aildiaa aapplita, ••• also fotBd to be wacoat&aiaate4 aa4 ia aood 
coaditioa. !A aap~ aetal aled ••• fotBd to coataia aiaor ooataaiaatioa bat it 
appeara that aoat of tlia coataai:atioa ia ia the for.a of reaa.ablt radioacti•• 
daat, aad tlt baildiaa ia La aood coaditioa. the loaa baildiaa fo~erl7 aae4 
aa a trade aclool alao appeara to oo~tai~ ai~or reaa.ablt coat&aiaatioa. 
AJthoaJl aiaalaa lara• areaa of aetal aidlaa aad rooflaa. tlla baildlaa co.
tai~• a lara• &ao~t of aal•••••~l• aateriala. Tle reaaiaiaa baildiaaa are 
tither oo~taaiaated or 1••• little 1al••1• Yal ... 
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DfSlJVMENI-PEIFOIHANC! Fm p rpas 

. 
I~atraae~t-reapoaae field ckecta were perforaed o~ eack l~atr~e~t b•fore aae 
tack day. T.beae ckecta were perfor.aed iR a~ area aear .the aotel ia le&ica~ Bat 
at wkick the radioloaic-ckaracterlzatioa field crew waa loaae4. 

leadlaaa wert recorded ia tle appropriate data boot au plottt4 oa a arapk tkat 
dlaplayed a klator.r of preTloaa fltld-cbect rtaalta aad apeolfitd taallt,r
ooatrol l~ita, wkick were eatabllaled aa two ataadard da•latioaa (~) fraa the 
aeaa of tkt pre•loaa rtadiaaa. ltadiaaa wk!ck fell oataide tkeae 11alta were 
reputed to dlteraiae lf they were the rtaalt of aa laur•eatatioa problta or· 
of the atatiatlcal probability that appro&iaately 5 peroeat coald be ezpected 
to fall oatlicle thtae apeoifbd lwlta. Valua ued for the aeaa a~d ataadar4 
dni&Uoa were ba.atd oa Ueld-uect data acoaaalated dulaa tke preTiou alte 
ckaracterizatloaa. · 

For fleld-ckectiaa the Bead!& delta-a~• .. ita, a f!tld-ckect aoarct fi&tare 
keld both tke detector aad a araui..-battoa aoarce ia a fl&ed aeaaetr.r wkile a 
lOG-aecoad UP co .. t waa collected. The aoarce waa thea rta~ed to a poiat 
beyoad ita raaae of iafluace, aad a lOG-aecoad DOWN co .. t was collected. the 
reaaltiaa delta co .. t waa recorded ia tke appropriate data boot, plotted oa tke 
araph, a~d cbected for oaaplla~ce with the 2-als-a t•alltJ-coat~ol l~ita. 

A callbratloa JiJ waa aaed for fleld-ckectlaa the portable apectroaetera. A 
24D-aecoad bactaro1UUI cout waa followed by aaoceut•• 240-~tcoad co .. u with a 
wza~i--battoa aouoe. aad a thoriw.-battoa aoarce. The araalaa aoarce pr~ided 
teat oo .. ta la the ~ a~d aroaa-co .. t cba~aela 11 well aa ia the V chaaael, aad 
the thoriaa aoarce p~o.ided a teat of tht tl chaaatl. Bactaro .. d oo .. ta ia 
eacb cha~~•l wert aabt~acted froa the aowzce couta, aad att co .. ta were 
recorded iu the appropriate data boot. Aaaia, tke co .. ta were plotted aad 
checked for caapllaace with t•ality-coat~ol l~ita. 

For field-chectiaa tht leattr-Stotta prtaaariltd loai1atloa chaaber CPIC), a 
~aall aoarce-holdiaa flztare aoaated pe~aaeatly to the detector hoaaiaa waa 
aatd. A bactaro .. d readiaa waa obtaiud aliaa a ball t-ia iatearator to deur
ai~• tht a•eraa• tzpoaare-ratt la pl/k ~•r a PO-aecoad iate~al. Followiaa 
dttezaiD&tioa of bactaroaad •&poaue rate, a radiaa battoa aouce waa placed i~ 
the aoazce-holdiaa·fiztart aad the a•era1e ezpoaut rate ~•r a 90-aecoad 
i~te~al waa aaaia deter.aiaed. T.be bact1ro .. d rate waa aabtracttd froa this 
aecoad rate to dett~iae the aet ezpoaue rate fraa the aouce. T.ht rate waa 
recorded !a the appropriate data boot aad checked for coapliaace with taali~ 
coat~ol lt.ita. To aoaitor PIC perfor.aaace at two difftrtat ez~aazt l•••ls, 
the procedue waa rtpeatt4 aaial 1-pC! aad 1G-pC1 chtct aoarcta • 

.&.-1 



I 
I Appeuiz B 

~&n:;r;c.u. ~6I6 5!! :1211. SAHPLJ:~ 

I Ta,le 1-1 preaeata , ... .-~a,-apect~oaooPf data fo~ the aoil aa.plea •ollected. 

I 
1le aaalytical ~ce~taiatiea •~e ~•po~ted at the cwo-ataada~d-d .. iatioa (2e) 

l .. el. ladia.. tho~ia.. aad potaaaia. •ala.a ~ep~eaeat eq~i•aleat coaceat~a-
tioaa. the KID aaabe~• ia tke table a~e aaaple aa.be~a. The deptk iuicated 
~efe~a to tkt top of a 6-iack aa.ple iater9al. the •o~ehole aaabe~ is iacladed 

I fo~ tboae aaaplea tate~ f~oa •o~akola locatioaa. A lela-tkaa Iii& (() iadi-
oat11 tlla •alu b ••1• tJLe detaoUoa U.aiu of tJLe aaalyUoal ia1Uaaaat 
••ba ••••· 

I Taltl• B-1 

I 
G ... a-la,-Spect~OICOPf Data fo~ SoU Sa.plea 

Gdd Bo~.- Ceace~tu:a UoD 

I 
cee£d&YS•! Depth holt Jill) la-226 nodua Potaaaia. 
North !ut ( ip I) No. No. CpCi/c) Cpl!l!l ( .. ) 

11100 1UOO 0 1JI 2: 1 s + - 1 2.1 : 0 .s 

I 11600 11600 0 1f"7 3: 1 ( 2% 0 ' 0 ·' : 0.2 
11600 12000 0 "200 4 + 1 4: 1 1.1 : 0.3 -11400 11200 0 1f2 I: 1 11 : 2 1.4:0.3 

I 
11400 111500 0 1" 6: 1 < 2% 0 1.0 : 0.2 
11202 11600 0 1f5 6 + 1 ( 2% 0 0.1:0.2 -11200 10100 o. 1., 7: ·1 ': 2 1.1 : 0.3 
11200 11200 0 1f3 6: 1 6: 2 1.5: 0.3 

·I, 11200 12000 0 UJ 10 : 1 ( 2: 0 1.2 !. 0.3 
11000 10400 0 111 s: 1 6% 2 0 ·' : 0.2 
11000 10802 0 1JO 5 + 1 6: 2 1.1 : 0.2 -

I 
11000 11200 0 1J4 I! 1 I: 2 2.1 ! 0 .! 
10800 JOOO 0 131 1! 1 '! 2 1.7 ! 0 ·" 
10800 t400 0 132 2% 1 4! 1 1.4 : 0.4 
10100 10000 0 114 2: 1 4: 1 1.0 : 0.2 

I 10800 10400 0 117 3: 1 7 ! 2 1.3 : 0.3 
10100 10100 0 1J1 6: 1 7: 2 1.0 ! 0.2 
10100 11600 0 144 u: 2 u: 4 1.1 : 0.3 

I 
10800 12400 ·o 152 7: 1 4! 2 1.1 :t 0.3 
10100 12100 0 153 4 + 1 6! 2 1.5 : 0.3 -101500 1200 0 311 15 ! 1 1J :t 3 . 1.0 :t 0.2 
10600 JOOO 0 130 2% 1 6: 1 1.0: 0.3 

I 10600 J400 0 113 2: 1 7: 2 1.3 :t 0.3 
10600 "00 0 133 2 + 1 10: 2 1.1 : 0.4 -10600 10400 0 115 100 : s < 3 + 0 1.0 ! 0.3 -

.. I 
10600 10400 6 116 64: 4 < 3 ! 0 0.1 :t 0.2 
10600 10800 0 141 16 : 1 < 2:t 0 1.1 : 0.3 
10600 11200 0 142 31 ! 2 < 2% 0 0 ·' ! 0.3 
10600 11600 0 143 16 : 1 < 2! 0 1.3 :t 0.3 

I 10446 11063 0 lSI 5J1 13J! ' < 4: 0 < 0.6 : 0 .o 

I B-1 

~I 



I 

'. ·"'' · · · Taltle ll-1looaUaucU 
I 
I Gdd Bo~.- Siauau:u i aa c2aa1auu Deptla ble .., la-2U 'nod• Potauha · lfaa" IIU ! la.l f!g. 1!1. !~llal {a•! ~·! I . . 

10400 1000 0 ,, 
3! 1 s: 1 2.1 ! 0.2 10400 1200 0 307 24! 1 ( 3! 0 o.t : 0.2 10400 '1200 f· JOI 53 ! J ( ·-: 0 1.1 ! 0.3 I 10400 1200 12 Sot ., ! 2 ( 3 + 0 o.t : 0.2 -10400 1200 11 310. 34 ! 2 < 3 + : 0 0.1 : 0.2 -10400 1400 0 JOf 2! 1 ( 2 + 0 1.0 : 0.3 

I -10400 1100 0 121 2! 1 '! 2 1.4 ! 0.4 10400 tOOO 0 12t 3: 1 7: 1 1.3 : 0.4 10400 t400 0 112 2: 1 •: 2 1.2 : 0.3 10400 10000 0 lSI 3: 1 7! 2 1.1 ! 0.3 I 10400 10400 0 Ut 12 : 1 
' + 

2 1.4 ! 0.3 -10400 10100 0 140 21! 2 ( 2! 0 1.1 ! 0.3 10400 11200 0 145 132! 6 < 4! 0 0.6 : 0.2 

I 10400 11600 0 147 37 : 2 14: 4 1.4 ! 0.4 10350 1173 0 71 560 11! 1 '! 3 1.5 ! 0.3 10!20 10711 0 157 StO 11 ! 5 ( 3! 0 < 0.6 ! 0.0 10263 10614 0 Uf ,., 
7t : 5 22: 3 1.5 ! 0.2 ·I· 10223 11011 0 Ut sn 22f ! 15 ( s! 0 < 0.6 ! o.o 10200 1000 0 213 5! 1 < 1: 0 1.4 ! 0.3 10200 1100 0 72 562 I! 1 .< 1! 0 0.1 ! 0.2 -10200 1400 0 305 2: 1 '! 2 2.3 ! o.s I 10200 tOOO. 0 12f ! : 1 4! 1 1.3 ! 0.4 10200 t400 0 111 3! 1 5 ! 2 '1.!:0.3 10200 fiOO 0 136 4: 1 10 ! 2 1.7! 0.4 .1. 10200 10000 0 137 11,: 1 11 : 3 o.t .: o.4 10200 11600 0 14t !I! 2 ( 2! 0 1.2 ! 0.3 10200 11100 0 146 110! f < ! ! 0 o.t .: o.l 

I 10200 11100 6 141 1ff ! I 45! ' O.f ! 0.3 
10200 11100 12 150 171 ! I ( 4! 0 O.f ! 0.3 10200 12000 0 154 12 ! 1 12 ! 3 1.1 ! 0.4 10200 12200 0 155 ·= 1 ( 2! o· 1.5 ! 0.4 I 10200 12400 0 156 4! 1 < 2: 0 1.2 ! 0.3 10200 12600 0 1!7 6! 1 < 2! 0 1.3 ! 0.3 10200 12100 0 151 I! 1 •: 2 O.f ! 0.2 

li 10151 10471 0 155 SICS 20 ! 1 I! 2 1.f : 0.2 10152 f2t0 0 125 605 ,,, ! 11 < f! 0 0.1 ! 0.3 1010t 10340 0 154 511 41 ! 1 13! 2 2.3 ! 0.2 10101 11416 0 1f1 5f4 22: 2 ( 2! 0 1.3 ! 0.3 I 10107 11416 0 1f0 5t3 164! • ( 5 ! 0 < 0.7! 0.0 10105 11302 0 177 613 167: • 45! ' < 0.! ! o.o 
10050 1100 0 73 sn 2! 1 5! 2 1.3 ! 0.3 

I 10012 11622 0 17f '" 161! • < 5! 0 ( 0.7! o.o 10000 7100 0 212 1 ! 1 3 ! 1 1.2 : 0.3 
10000 1100 0 73 ''' u: 1 ( 2! 0 1.2 : 0.3 10000 1300 0 214 2 ! 1 7! 2 1.1 ! 0.3 I· 10000 8500 0 211 3 ! 1 6: 1 1.2 : 0.3 10000 8700 0 210 1! 1 4! 2 1.0 : 0.3 

I 
B-2 

I 



I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 

Gdcl 
C2o1:diauu 
l:!2Etla Ius 
10000 lfOO 
10000 t200 
10000 t200 
10000 t200 
10000 P200 
10000 J400 
10000 J600 
10000 JIOO 

"" 10095 
JJJ8 11407 
"'0 9246 

'"' 11511 
"01 Jl47 
JJOO 8000 
ttoo 1100 
till 11533 
t107 J14t 
JIOl J638 
tiOO 7700 
JIOO 1100 
JIOO llJI 
tiOO 1500 
JIOO 1700 
JIOO IJJO 
JIOO 11800 
JIOO 12000 
JIOO 12200 
tiOO 12400 
JIOO 12600 
J762 t322 
J700 1100 
J700 1200 
J700 8300 
J100 1600 

"" 11614 
JU2 J41J 
J642 1775 
9600 1200 
J600 1300 
JISOO. 8500 
JfOO 1700 
-J531 11662 
J530 J641 
J410 84JO 
1400 8300 
J400 8600 
J400 J7tt 

Table 1-1 

Bo~.-
Depth laole 111m 
! la.l l:!2. Nsz. 

0 127 
0 176 
6 177 

12 171 
11 17J 

0 180. 
0 134 
0 us 
0 153 515 
0 178 no 
0 124 f04 
0 180 611 
0 .152 517 
0 14 563 
0 75 558 
0 163 612 
0 102 550 
0 151 570 
0 76 60J 
0 77 557 
0 78 564 
0 304 
0 303 
0 101 54J 
0 201 
0 163 
0 161 
0 160 
0 15J 
0 103 566 
0 7J 565 
0 80 556 
0 81 555 
0 12 554 
0 164 5JS 
0 104 567 
0 123 572 
0 83 553 
0 577 
0 225 
0 302 
0 165 SJf 
0 105 561 
0 111 f07 
0 17 551 
0 224 
0 106 56J 

( ooat iaucl) 

Coauas El s i o; 
la-226 nod a Potaaaia 
tJZCllll !2Dl t'l .. 
3 ! 1 4! 1 1.1 ! 0.4 

535 = 21 ( 
5 = 0 1.2 = 0.2 

437 ! 17 ( 5! 0 1.0! 0.2 
504 = 11 < 5! 0 . 0.1 = 0.1 
458 = 18 ( 11: 0 O.J : 0.5 

4! 1 8! 2 1.8 = 0.4 
11! 1 17! 3 1.5 : 0.4 
'! 1 22 = 3 2.6 = o.s 
7! 1 12 = 2 3 .2 !. 0.3 

23J :!: 12 ( 5: 0 0.8 : 0.3 
616:!: 33 < 1: 0 ( 0.4 : 0 .o 
217 :!: 10 52 : 11 < 0.3 : 0 .o 
15! 1 1J ! 2 2.3 : 0.2 
3:!: 1 4! 1 1.4 = 0.4 

31! 2 n: 1 1.3 :!: 0.3 
1JI: ' < 5:!: 0 0.7 = 0.3 

50 : 3 ( 3: 0 1.4 : 0.4 
3J ! 3 17 : 3 1.4:0.5 
1 + - 1 5: 1 1.0: 0.2 

153: 7 51 :!: 10 < 0.3 : 0 .o 
3:!: 1 '= 2 1.8!. 0.4 
3: 1 8 = 2 1.3 = 0.3 
1! 1 5: 1 1.4 : 0.3 

88 :!: 5 324 = 1J 0.8!. 0.2 
34 : 3 ( 3: 0 0.1 = 0.2 
23;!: 1 12 :!: 2 1.4 : 0.2 
22 : 1 ( 3 !. 0 1.0: 0.2 
7:!: 1 10 : 2 1.3 : 0.3 
3 :!: 1 I ! 2 1.3 :!: 0.3 

1J4: 11 47 : 8 1.1:!: 0.4 
3: 1 7: 1 1.1: 0.4 
u: 1 10 : 3 0 ·' = 0.2 37 : 2 ( 2! 0 1.1 : 0.3 
15:.1 11! 3 1.2: 0.3 
21 : 1 < 3: 0 1.J : 0.4 

303 : 17 as: 12 1.3 : 0.5 
12 ! 1 6: 2 1.5 ! 0.4 

277 :!: 13 < 5: 0 1.0: 0.4 
3! 1 5: 1 1.5 ! 0.1 
2: 1 5;!: 1 1.4 : 0.1 
3: 1 4;t 2 1.4 : 0.3 

f4:!: 5 31: ' 0 ·' :!: 0.3 300 : 11 168!. 17 0.6!. 0.4 
4: 1 6: 2 1.3:!: 0.3 
3: 1 f! 2 1.0 : 0.2 
6: 1 6: 1 1.1 : 0.2 

4J : 3 ': 3 1.7:0.4 



I 
Table B-1 Cooatiaucl) .I 

Gdd Bore- ~auau:Ui21 .I ~2EIUIISU Deptla hh IIID la-226 'nod• Potaui• t!2EU IllS lia.! . t!2. t!t. 'l"l•! lD•l '"2 
t400 11100 0 115 t: 1 10 ! 2 1.t ! 0.2 1-t400 12200 0 117 7! 1 10 ! 2 2.7 ! 0.2 t400 12600 0 171 s ! 1 • ! 1 1.5 ! 0.2 t!to 1200 0 16 552 412! 24 ( 

' + 
0 < 0.4 : o.o 

I -t!73 1713 0 122 573 71t! 2t ( u: 0 1.7! 0.1 n1o 7520 0 •• 54. 1! 1 ( 2!' 0 0.7 ! 0.2 t240 7400 0 210 1! 1 5 + 1 1.5 ! 0.4 - .I t201 tl4t 0 107 571 ltt ! 10 II ! 11 1.4 ! 0.4 noo noo 0 11 501 32 ! 2 ( 3! 0 1.2 ! 0.3 t200 1500 0 14 504 2t! 2 ( 2! 0 0.6 ! 0.2 noo 12000 0 16t I + 1 7! 1 1.6 ! 0.2 I -t200 12400 0 170 5! 1 '! 1 2.2 ! 0.2 tltt 11424 0 166 5tl 5t ! 4 15 ! 4 0.5 ! 0.2 t163 8790 0 121 574 
' ! 

1 7! 2 2.t :! o.s 

I t104 11372 0 117 5tt 1tl :! 11 < 5 ! 0 ( 0.7:! o.o totS 10t24 0 110 602 241:! 14 < 5! 0 < 0.7! 0.0 t014 1131 0 120 575 !02 ! 17 < t: 0 1.6 ! o.s to10 1100 0 12 502 s ! 1 < 2! 0 1.0 : 0.3 I· toOl 1500 0 17 507 11! 1 ( 2! 0 0.1 ! 0.2 9004 9074 0 11t 510 5! 1 u: 2 1.1 : 0.2 tOOO 7600 0 261 3 ! 1 5: 1 1.3 : 0.4 -1 tOOO 7100 0 221 4! 1 4! 1 o.t : 0.2 tooo 7to0 0 15 SOt 2: 1 4! 1 1.5 ! 0.4 tooo 1100 0 11 501 11 ! 2 ( 2 + 0 O.t ! 0.2 -tooo 1500 0 11 506 75;! 5 < 3! 0 0.5 :! 0.2 .I tOOO 1100 0 1t 505 11! 5 < 4! 0 < 0.6 : o.o tooo 11600 0 161 3 ! 1 '! 1 1.1 :! 0.2 tOOO 11100 0 266 11 ! 1 10 ! 2 1.1 : 0.3 

I tOOO 12200 0 173 5: 1 I :! 1 1.t :! 0.2 It tO 1300 0 1J 503 15,! 2 < 2:! 0 0.5 :! 0.2 lt71 112ft 0 161 600 us: I < 5:! 0 0.2 : 0.1 lt4S 10732 0 111 603 321 ! 16 316 :! 21 ( 0.7.! o.o I lt22 11004 0 16t 601 U1,! 5 223! 15 ( 0.7! 0.0 1900 8100 0 20 !10 11 :! 1 4 :! 1 1.0 :! 0.4 ltOO 1200 0 21 511 3! 1 6! 1 1.6 ! 0.4 

I IJOO 1425 0 22 !12 30 ! 2 24 ! 4 1.7 ! 0.4 1152 UIO 0 111 511 3! 1 10 :! 1 2.1 :! 0.3 1100. 7200 0 222 1! 1 s! 1 1.1 :! 0.3 1100 7600 0 267 2 :! 1 7 :! 2 2.0 :! 0.4 I ·1aoo 7800 0 220 2 :! 1 I :! 2 1.6 :! 0.4 . 1100 7920 0 23 514 7! 1 6! 2 1.5 + 0.4 1100 1100 0 24 513 11 :! 1 s! 1 1.s !·o.4 

I 1100 1200 0 25 515 7! 1 I :! 2 1.3 :! 0.4 1100 1420 0 26 516 126 ! 6 42 :! 7 2.0 :! 0.5 1800 8700 0 27 543 114;! I < 4 :! 0 < 0.6 :! 0.0 1100 uoo 0 21 542 10 :! 1 < 2 ! 0 1.7! 0.4 I 1800 10100 0 216 2 :! 1 I :! 2 O.t :! 0.2 

I 
I 



I 
I Tal»le 1-1 (ooatiau4) 

I 
Gd4 Bore- Coa&•IU:•Uo1l 

COS!EiiiYUI Depth hole liD b-226 Tlaod111l Potaaaiaa 
North Eut { ip,) No. No. {pCi/a) (pp) (') 

I 1100 11000 0 230 2! 1 10 ! 2 2.1 ! o.s 
1100 11200 0 22t 3 + 1 7! 2 1.t ! 0.4 -1100 11400 0 2215 7 + - 1 10 ! 1 1.3 ! 0.1 

I 
1100 111500 0 175 6! 1 7! 1 1.t ! 0.2 
1100 11100 0 265. 5! 1 7! 2 o.t : o.2 
17to 7400 0 271 4! 1 I! 2 1.1 ! 0.4 
1734 tOt? 0 117 512 7! 1 17 ! 2 2.3 ! 0.2 

I 1700 7300 0 2t 547 2! 1 < 2! 0 0.15 ! 0.2 
1700 7700 0 30 601 1! 1 4! 1 0.1 ! 0.2 
1700 1200 0 31 520 22 ! 2 6! 2 1.3 ! 0.4 

I 
1642 t!.!t 0 110 606 3! 1 t! 2 1.1 ! 0.3 
1600 7200 0 223 1! 1 4! 1 1.0 ! 0.1 
1600 7400 0 272 1! 1 6! 1 1.5 ! 0.4 
8600 7600 0 2ft 3! 1 6 :t 1 1.4 ! 0.4 

I 1600 7100 0 llt 2! 1 6! 2 1.3 ! 0.3 
1600 ?tOO 0 32 !22 132 ! 10 < 7! 0 1.4 ! 0.4 
8600 1100 0 33 521 127! ' < I! 0 1.3 ! 0,4 

I 
1600 1400 0 34 51t 1t2 ! 15 32 ! 7 1.! ! o.s 
1600 1500 0 35 511 76! 4 35! 6 1.6 ! 0.4 
1600 1700 0 36 517 31! 2 I! 2 1.7! 0.4 
1600 tOOl 0 116 513 20 ! 1 317! 16 1.t ! 0.2 

I 1600 10000 0 231 4 + 1 5! 2 1.0 ! 0.2 -1600 10400 0 23t 5 + 1 t :t 2 < 0.5 ! o.o -1600 10100 0 221 2! 1 14 ! 2 2.5 ! 0.5 

I 
1600 11200 0 227 4! 1 t! 2 1.t ! 0.4 
8590 I tOO 0 37 !44 51 ! 4 194! 15 1.1 ! 0.3 
8500 1200 0 3t 523 103! I 22 ! 3 1.7! 0.2 
8490 7700 0 31 524 6! 1 7! 1 2.4 ! 0,2 

I 8442 lt64 0 115 514 so ! 5 1314 :t 135 < 1.5 ! 0.0 
8400 7400 0 273 43 :t 3 14 : 3 1.2 ! 0.4 
1400 '71500 0 2154 2! 1 5 : 2 o.t :t 0.2 

I 
1400 7100 0 211 3'7! 3 < 3 : 0 < 0.15 ! o.o 
1400 ?tOO 0 40 525 73 : 5 < 3! 0 1.t :t 0.2 
1400 1100 0 41 526 120 : ' 13:t 3 1.7 ! 0.2 
1400 1300 i) 42 527 lt:t 6 lOt :t ' 1.5 ! 0.2 

I 1400 1500 0 43 521 40! 2 '7 ! 2 1.6 ! 0.2 
1400 1700 0 44 52t 21! 1 10 ! 2 1.6 ! 0.2 
8400 . 1800 0 210 112: '7 35 ! 1 1.3 ! 0.5 

I 
1400 1100 6 211 40 ! 3 10 ! 3 1.1 ! 0.4 
8400 t600 0 241 3! 1 13:! 2 1.3 ! 0.3 
1400 10000 0 237 1! 1 6! 2 1.5 ! 0.4 

. 1400 10400 0 234 2! 1 I! 2 1.6 ! 0.4 

I 1300 1!00 0 45 540 6! 1 ( 2:! 0 O.t :t 0.2 
1300 7500 0 45 541 2:! 1 3 :! 1 1.3 :! 0.3 
1300 '7700 0 46 53t 1t : 1 ( 2! 0 1.1 ! 0.3 

I 
. 1200 '7200 0 271 1 :! 1 I :! 2 1.3'! 0.3 
1200 '7400 0 274 3 ! 1 I + 2 1.5 ! 0.4 -

I B-5 

I 



I' 
Table 8-1 Cooatlaucl) I 

Gdcl 
·~-- CoaniiEIU21 I ~2E!Iilllll Depth lob liD la-22, TJao~i• Pota11i• 

tf2EII& IIU !&a.l 1!2. &. ht"lll '1a! !'! 
1200 ,,00 0 2'1 2! 1 7! 2 1.1 ! 0.3 I. 
1200 7100 0 217 7! 1 < 2! 0 1.0 ! 0.2 1200 1100 0 47 533 363 ! 2t 171 ! 16 1.2 ! 0.2 1200 aoo 0 4t 531 53! 3 37 ! 4 1., ! 0.2 I 1200 1500 0 so 530. 127 ! 12 14 ! ' o.t : 0.1 1200 lfOO 0 215 s! 1 '!" 2 0.7! 0.2 1200 1750 0 51 545 70 ! 4 < 3! 0 0.7 ! 0.2 

I 1200 1100 0 24t u: 1 < 2! 0 1.0 ! 0.3 1200 1100 ' 212 13! 1 I! 1 1.4 ! 0.2 1200 1100 12 214 17 ! 1 
' + 

1 1.5 ! 0.2 -1200 t200 0 243 1! 1 < 2! 0 0.1 ! 0.2 I 1200 J600 0 240 2! 1 < 2! 0 0.7 ! 0.2 1200 10000 0 23, 1 ! 1 '! 2 1.5 ! 0.3 1200 10400 0 us 2! 1 11! 2 1.1 ! 0.4 

I 1115 1100 0 41 532 47 ! 4 11 ! 2 1.1 ! 0.2 1000 7200 0 277 1! 1 s: 2 1.5 ! 0.3 1000 7400 0 275 2! 1 4! 1 1.1 ! 0.3 1000 7600 0 261 42 ! 3 < 2! 0 1.1 ! 0.3 I· 1000 7600 ' 262 4t ! 3 < 3 ! 0 . 1.2 ! 0.3 1000 7100 0 216 11! 1 11! 3 1.0 ! 0.3 -1000 7to0 0 52 534 75! 4 13! 3 1.6 ! 0.2 

I 1000 1100 0 53 535 33 ! 2 < 3! 0 o.s ! 0.1 1000 1300 0 54 "' 47 ! 3 46 ! 6 1.4 ! 0.3 1000 1400 0 27t 122! 6 < 4! 0 1.1 : 0.3 1000 1600 0 202 17 ! 1 '! 2 1.2 ! 0.3 I 1000 1100 0 241 3 ! 1 I! 2 1.0 ! 0.3 1000 tooo 0 247 6! 1 
' ! 

2 1.2 ! 0.3 8000 f200 0 242 5! 1 7 ! 2 1.2 ! 0.3 

I 7100 7400 0 251 1 ! 1 6! 2 1.1 ! 0.3 7100 7600 0 2St 75! .. ( 3 ! 0 1.0 ! 0.3 7100 1600 6 260 27 : 2 < 2! 0 1.2 ! 0.3 7100 7100 0 256 54 ! 3 < 3! 0 1.4 ! 0.3 I 7100 7100 6 257 I! 1 7! 2 1., ! 0.4 7100 7t00 0 55 546 2t! 2 31 ! 5 1.1 : 0.3 7100 1000 0 255 3! 1 3 ! 1 1.0 ! 0.2 

I 7100 1100. 0 56 531 54! .. ( 3: 0 0.1 ! 0.2 7100 1200 0 252 106 ! 6 131! 11 < 0.7! o.o 7800 1200 6 254 I ! 1 < 2! 0 1.7! 0.4 7100 1300 0 57 537 252 ! 16 476 ! 33 < 0.7 ! o.o I 7100 1400 0 251 26 ! 2 16 ! 3 0.6 : 0.2 7100 1600 0 253 71! ' 3t! 6 1.7! 0.4 7100 1100 0 246 2! 1 ( 2! 0 1.3 ! O.l 

I 7100 9000 0 245 1 ! 1 7! 2 0.1 ! 0.2 7100 9200 0 244 5 ! 1 7! 2 1.3 ! 0.3 1600 7635 0 207 3 ! 1 ( 2 ! 0 1.2 ! 0.3 

I 
7600 7635 6 201 21! % < 6! 0 1.4 ! 0.4 7600 7635 12 20t 10 ! 1 5 ! 1 1.5 ! 0.! 

I 
I 



I 
I 
I 
I 
I 
I· 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Gdd 
CoQrc!faytu 
North !au 

7600 7100 
7600 1000 
1600 1200 
7600 1400 
7600 1400 

Deptll 
(b. ) 

0 
0 
0 
0 

' 

Table B-1 ( OOiltill11ed) 

Bore- CoueatEUi2!! 
hole IIIID l.a-226 nol'i• Potaaai11a 

No. No. CpCi/a) (pn) ( .. ) 
206 2 :! 1 ( 2;! 0 1.3 ! 0.3 
205 2! 1 4 :! 1 1.1 ! 0.3 
204 5 + - 1 12 :! 2 < 0.6 :! 0.0 
250 215 :! 16 151 :! 51 ( 0.7! o.o 
203. 12J ! 10 ,,, :! 32 1.6 :! 0.4 

B-7 



I. 

Ta•le 1-2 I 
"------- - ~·.-o.-~E!ill •••• ,,. 

I 
Saple LOD Saaple LOD I. .... -"- (" N,..lter <•> 
.., 101 1.21 aD 1t1 O.f2 

~· .., 102 0.57 .., 1ft O.f3 

I .., 103 1.21 .., 212 1.13 
.., 104 1.71 .., 227 1.31= 
.., 105 2.52 .., 231 o.u 

I .., 10f S.OI .., 24t 1.23 
.., 107 4.21 IE) 2f0 2.fS 
liD 101 3.ff .., 2fl 1.24 
liD lOt 4.15 .., 277 O.fl 

I .., 110 3.47 .., 304 1.f1 
JIIID 111 . 2.33 .., 504 2.4f 
Jill) 112 3.0f Jill) 512 5.04 

I Jail) 113 '·'' .., 524 2.01 
liD 114 3.0f liD 535 1.41 
liD 115 2.34 liD 531 1.33 
liD 117 2.41 .., 552 3.27 I· JIID 12f 2.01 1m) SfO 1.24 
liD 12t 0.52 .., 574 2.43 
IE) 143 1.12 liD 513 5.ot -liD 155 0.10 1m) Sit O.lt I JIIIJ) 171 f.2f .., 5tt O.fl 
JIIIJ) 113 o.ts JIIID fOI 1.t1 

I 
I 
I 
I 
I 
I 
I 

B-1 I 
I 



I 
I APP!NDI% c 

Dll'PLI"lZ ~&n:ICAL BESULTS 

I Table C-1 p~eseat1 d~plleate , ... a-~a,-speet~oseopie aaalytleal ~e1~t1 fo~ 
splita of approat.ately 10 pe~eeat of the soil s .. plel collected. ftdl ... 

I tbo~i•, aad potasai .. •al .. a ~ep~eseat eq~l•aleat eoaceatratioaa. Table C-2 
p~eseats a coaparisoa of the la-226 ooateat ia the aoil saaple (KID) aa&l the 
co~~espoadiaa split (XIG). A lua-tlwl lip (() iadloatu that the abia• 
deteotloa llalt baaed oa Ca.ptoa bacta~osad waa 19aclled. A q~eatioa aa~t (1) 

I ladioatea that the aaalyala 11 aealq~atltatl•• d~ to a low oosat ~ate. 

:I Taltle C-1 

DRplloate Gaaaa-la,-Spect~oacof7 Aaalytlcal •·•~ltl 

I s .. ,h la-226 lrro~ T!a !nor I ~~~or N•ber 'l~illl ,11112 !"l 

I .G-601 2.3 : 1.0 4.4 + 1.1 1.2 + 0.3 - -XBG-602 2.3 + 1.0 
5 ·' : 1.6 1.0 : 0.2 -IIBG-603 21.2 + 1.6 1.1 : 2.J 1.1 : 0.3 -I XBG-604 6.6 + 1.0 10.4 + 2.4 1.5 : 0.3 - -XBG-605 4.6 + 1.0 1.1 + 2.2 1.5 + 0.3 - - -DG-f06 1.6 : 1.0 10.J + 2.5 1.2 : 0.3 -

I 
MIG-C01 10.3 : 1.0 5.2 + 2.2 1.3 + 0.3 - -~01 11.0 : 1.0 < 1.5 : o.o 1.2 + 0.3 -IIBG-fOt 1.1 + 1.0 1.6 + 2.0 1.4 : 0.3 - -IIBG-610 2.5 : 1.0 1.1 : 2.2 1.3 + 0.3 -·I IIBG-611 1.2 + 1.0 I .5 : 2.0 1.1 + 0.3 - -IIBG-612 2.2 :!: 1.0 11.5 + 2.0 1.1 + 0.4 - -IIBG-613 1.1 + 1.0 ' 5.J : 1.6 2.2 + 0.5 - -

I JIBG-614 2.0 : 1.0 ' 1.3 : 1.6 1.2 + 0.4 -IIBG-615 2.0 + 1.0 ' 5.1 + 1.4 1.2 : 0.4 - -IIBG-616 11.4 + 1.1 ' 6.3 + 1.1 1.3 + 0.4 - - -IIBG-611 14.5 + 3.1 35.0 + 5.1 1.1 + 0.4 

I - - -IIBG-611 41.6 + 2.4 ' 1.1 + 2.4 1.5 + 0.4 - -. -DG-61J 4.6 + 1.0 ' 4.0 : 1.0 1.1 :!: 0.4 -IIBG-620 3J.1 :!: 2.2 ( 1.2 + o.o 1.5 + 0.4 - -·I DG-621 "·' : 4.3 ( 1.1 : o.o 1.5 : 0.4 
DG-f22 ' 1.0 :!: 1.0 ' 1.4 + 1.6 1.2 + 0.4 - -IIBG-f23 31.1 + 1.6 5J.5 + 6.3 ' 0.1 + 0.2 - - --~24 2J1.3 : 14.J 110.4 : 12.3 < 0.1 + o.o 

I 111~25 -1.0 + 1.0 ' J.O : 1.4 ' 1.0 + 0.2 - -IIBG-626 31.1 : 2.5 < 2.1 + o.o 1.2 + 0.3 - -JIBG-f21 11J.I + '.I < 4.6 + o.o < 0.1 : o.o - -
I 
I 
I 
I C-1 

~I 



All errora reported la.Table C-2 are ezpected aaal7tlcal e&-ro&-a at 2cr. o.. 
aaaph allowed a dltfereue J&-eaur tlaaa ezpected. le-aaalyala of tlaia data 
••t ahowed ao ataatflcaat claaaae ia either .-1 ... llia differeaoe ia attri-
b•ted to aaaple p&-eparatioa. 

Ta1th C-2 

C.,ariloa of la.dl• .. 111lta letweea Saaphe ad Coneapoadtaa SpUta 

S~aplt la-226 hpUcau la-226 
Npaber CpCl/a) Spplt lfalper CpCllc) 

JIIID-126 2.5 ! 1.0 --..o1 2.3 + 1.0 -JE)-1J2 2.2 + 1.0 Da-f02 2.3 ! 1.0 -JIIID-140 21.3 + 1.6 DG-403 2'7.2 + 1.6 - -JIIID-UO 6.5 + 1.0 ~04 6.6 ! 1.0 -JIIID-173 4.1 + 1.0 80-f05 4.6 + 1.0 - -Jfi:D-11t 1.4 + 1.0 ae-.o6 1.6 + 1.0 - -IBD-1, t.6 + 1.0 ..a-40'7 10.3 + 1.0 - -Jfi:D-20t 10.1 + 1.0 ~601 11.0 + 1.0 - -JE)-21t 1.f + 1.0 .a-40t 1.7 + 1.0 - -JIIID-22t 2.1 + 1.0 --.10 2.5 + 1.0 - -a»-245 ·' + 1.0 --.u 1.2 + 1.0 - -JIIID-235 2.2 + 1.0 aG-C12 2.2 + 1.0 - -JIIID-257 1.0 + 1.0 ..a-413 1.'7 + 1.0 - -JIIID-264 2.2 + 1.0 --.14 2.0 + 1.0 - -JIIID-2'75 2.0 + 1.0 ~15 2.0 !· 1.0 -JIIID-501 16.0 ! 1.6 BG-616 11.4 :! 1.1 
JaiD-511 15.1 + 3.7 ..a-617 74.5 + 3.1 - -MIID-521 3f.3 + 2.2 88-611 41.6 + 2.4 - -MIID-213 4.f + 1.0 ~u 4.6 : 1.0 -IIID-30t 3f.O + 1.0 DG-420 3t.7 + 2.2 - -Jfi:D-531 54.4 : 3.7 DG-621 61.6 + 4.3 -JIIID-541 1.0 + 1.0 DG-422 1.0 : 1.0 -JaiD-551 30.6 + 1.0 110-623 31.1 + 1.6 - -IIIID-561 2ft.f ! 11.4 DG-424 21'7.3 ! 14.6 ·~ IIIID-511 1.1 + 1.0 .G-f25 1.0 + 1.0 - -IIIIJ)-511 40.7 + 1.4 IIBG-626 31.1 + 2.5 - -IIID-f13 161.0 + 7.1 DG-42'7 1'7t.l ! t.l -

C-2 
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I 
I Appeulz D 

DPl.I.i::fiAJOIA ll.AD Iml IIEAS171!X!NT DAit\ 

I Ta•l• D-1 preaeata rea.tts of the 1.-slt• 4elta-a~• ra4lma aea1.r .. eat1. n. 
t.o-ataadard-de•iatioa (2•) error reported la tki1 ta•l• reflects ~ the 
aaotrtaiat.r la the oo .. tlaa 1tati1tios: it 4o•• aot laol•dt errors latrod•ced 

I tllro•p tlle ue of a cal i'ratioa factor au tllree oorreoUoa factors. ne•e 
data were aeaer1ted ••taa tke oaap•ter proar .. DELTCALC.BAS, Ver1loa 1.1. . 
ladi .. •alae• repre1eat eq•l•aleat ooaoeatratioaa. 

I Talh D-1 

Ia-Slta Delta-G ... a ladl .. Xeaaar .. eat le1alt1 

I S:22EIUJ!UII Dept). •••-226 S:R2EIUIUII Deptll ela-226 M_o__l'ft Eaa~ (ill ') htet/•l Horn East ( ia j_ c "ell•l 

I 11600 11600 0 2.J ~ 0.1 10100 12000 0 10.1 ;t 1.5 
11600 11600 6 O.J ~ 0.6 10100 12000 6 • 0.6 
11600 12000 6 O.J ;t 0.1 10100 12400 6 0.4 :t 0. '7 

I 11400 12450 0 J5.1 ~ J .o 10100 12100 6 0.6 :t 0 .'7 
11400 12450 6 ·1J1.5 ;t 4.0 10'7'75 11100 0 45.3: 1.J 
11400 12450 12 65.1 ~ 3.6 107'75 11100 6 41.J ;t 2.'7 

I 
11400 12450 15 21.1 ~ 4.5 10'7'75 11100 12 5.4 ;t 1.J 
112'75 12325 0 3J.J ~ 1.1 10'7'75 11100 14 1.1: 2.1 
112'75 12325 6 2.4: 1.4 10'7'75 12115 0 6J.'7 :t 3 .o 
11202 . 11600 6 1.'7 :t 0 .'7 10'7'75 12125 6 4.6 : 2.2 

I 11200 10100 6 0.6 ~ 0.'7 10'715 10750 0 SJ.6: 2.3 
11200 11200 6 0.4: 0 .'7 10725 "10'750 6 31.1 : 2.J 
11200 12000 6 2.J: 1.0 10'715 10750 12 2.1: 1.'7 

-I 110JO 12225 0 6.1 ~ 1.4 10'700 105'75 0 55.4 ~ 2.5 
110JO 12225 6 1.1: O.J 10'700 105'75 6 4.5 :t 1.J 
11000 10400 . 0 3.'7: 0.1 10'700 105'75 12 2.2: 1.2 
11000 10400 6 0.7 ~ 0 •• 10700 10J25 0 20.1 :t 1.5 

I 105125 12125 0 3'7.1 ~ 2.4 10'700 10J2S 6 1.5 :t o.t 
10J2S 12125 6 4.2 ~ 1.1 10650 12050 0 61.4 :t 3.1 
10JOO 11650 0 3.1: 1.2 10650 12050 6 32.0 ~ 3.1 

I 
.10150 114'75 0 31.4 :t 2.2 10600 1200 2 3.1: O.J 
10150 114'75 6 4.0 ~ 1.'7 1CH500 JOOO 6 2.6: 0.1 
10125 11125 0 22.1 ~ 1.4 10600 J600 6 1.6 ~ o.J 
10125 11125 6" 31.0 : 1.J 10600 10400 6 15.1 ~ 3 .J 

·I 10125 11125 12 3J.I:!. 2.4 10600 10400 I 11.1 ~ 3.3 
10125 11125 11 11.1 ~ 2.3 10600 11200 6 ·o ·' : 1.3 
10800 J400 6 0.5:!. 0.6 10550 10050 0 41.4 :!. 2.1 

I 
10100 10000· 6 O.J:!. o.a 10550 10050 4 6.'7 ~ 1.1 
10100 10800 6 0.3 ~ 0.'7 10525 Jl75 0 35.6: 2.2 
10100 11300 0 41.3 ~ 2.7 10525 Jl75 6 16.0: 2.1 
10800 11300 6 2.J : 1.6 10525 Jl'75 12 • 1.5 

~I 10800 11600 6 2.4: 1.J 10525 11J50 0 135.1 : 
3 ·' 10525 11150 6 '78 .4 :!. 3.1 

I -there is at lea1t J5 perceat coafideaoe tllat tlle traa •al .. 11 1••• tllaa 
tlle aeaaar .. eat reported. 

I D-1 
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I 
I 

'l'a•l• ~1 (ooatiau4) 

I 
10525 11J50 10 10.1 ~ 2.7 10000 f200 12 4t1.0: 7.2 I 10500 10200 0 240.2 ~ 4.5 10000 t200 11 4t3 .3 : '.7 10500 10200 6 271.1 ~ •• 0 10000 t400 ' 2.4 : 0.1 10500 10200 12 2.2 ~ 4.1 10000 tfOO ' 2.7 ~ 1.3 I 10450 noo 0 12.1 : 1.f 10000 tiOO ' 3.7: 1.4 
10450 1700 4 1.1 ~ 1.2 tff7 12Sto 0 1f.f: 1.7 10400 1000 ' 0.7 ~ O.f tff7 12Sto 1 1.3 : 1.3 

I 10400 1200 ' 45.A ~ 2.1 ff50 12150 0 u.s: 2.0 
10400 1200 12 24 .• 1 ~ 2.5 JJSO 12150 4 2.1 ~ 1.2 
10400 aoo 11 U.J~ 2., '"' 11Jt4 0 1f.1 ~ 1.7 10400 1200 24 4.1: 1.J '"' 11tt4 3 3.t: 1.5 I 10400 1400 6 O.J :t 0.1 tiOO ISOO ' 1.1: O.J 
10400 1100 6 0.7 : 0.1 JIOO noo 6 1.7: 

0 ·' 10400 f400 6 O.J :t 0.7 tiOO 11100 0 11.2: 1.J 

I 10400 10400 6 1.5: O.J tiOO 11100 5 1.5: 1.1 
10400 10100 6 2.J ~ 1.J tiOO 12200 5 0.5: 1.0 
10400 11600 ' '·': 1.4 tiOO 12200 ' 1.2 : 1.0 
10325 UJ25 0 44.2: 2.5 HOO uoo 2 1.2 : o.t I 10325 11J25 ' SJ.O :t 2.0 tfOO uoo 6 0.7 : 0.7 
10325 11J25 10 f.4: 2.3 tfOO 1700 ' 0.4 : 0.1 
10275 ff50 0 14J.f: J .5 tfOO 12000 ' 2.2 : 1.2 -
10275 tf50 4 1J.1: 2.5 f510 12510 0 2S .3: 1.1 I 10200 1000 ' 0.1 : 0.7 tsiO 12510 6 5.f: 1.4 
10200 1400 ' 1.1 ~ O.J t510 12510 I 2.0: 1.3 
10200 JOOO 6 1.0: 0.1 t450 12410 0 f.5 : 1.3 I 10200 10000 6 O.J :t 1.0 t450 12410 ' 1.1: o.t 
10200 11600 6 2.J: 1.5 t400 lfOO 6 1.0 : 

0 ·' 10200 11100 0 124.1: 3 .I t400 12000 6 1.0: 1.0 

I 10200 11100 6 224.1 : 4.2 f400 12f00 4 2.5 : 0.1 
10200 11100 12 1N.4 :t 5.4 JJSO 12150 0 f.3 : 1.3 
10200 11100 u 115.1: 5.7 U50 12350 6 1.4: 0.1 
10200 12200 6 1.J : 1.0 JJOO 12175 0 13.7: 1.4 I 10200 12600 4 • 0.3 tJOO 12115 6 2.3 : 1.2 
10125 t515 0. 155 .J :t 3.1 t210 11tl0 0 20.4 : 1.f 
10125 JS75 6 1.2 ~ 2.4 t210 11JIO 5 5.7: 1.3 

I 10125 f575 10 5.4: 1.t f275 11100 0 4.0: 1.5 
1005f 12775 0 5.J :t 1.1 f240 7400 6 0.6 : 0.7 
i005t 127'75 6 0.7 .t 0.7 f200. 12000 6 • 0.2 
10010 12565 0 5.5 ±. 1.2 t200 12400 6 3.0: 1.0 I 10010 12565 3 O.f .t 0.1 JOOO 7f00 6 0.1 .t 0.7 
10000 7100 6 O.f :t 0.7 tooo 7100 6 0.7 : 0.1 
10000 1300 6 2.2: 0.7 JOOO 11600 ' 1.2 .t 0.1 

I 10000 1500 ' 1.J ±. 0.1 tOOO 12200 ' 0.3 :! 0.7 
10000 1700 6 1.1 .t o.t 1100 7200 ' 1.3:! 0.7 
10000 I toO 6 1.7 .t O.J 1100 1600 6 2.0 : 0.7 
10000 1200 6 510.1: 1.2 1100 7100 2 1.4 :! 0. 7 I -there ia at least 15 peroeat ooaficloaoo that tlle tru •alu h hu tllaa 
tlle •eaa~.-eat reported. 

I 
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"""' Ius 

""' 1 

""' 2 

""' J 

'"" 4 

""' 5 

""' ' ""' 7 

'"" I 

'"" ' '"" 10 

""' 11 

""' 12 

'"" 1J 

""' 14 

"'" 1S 

'"" If 

"'" 17 

'"" 11 

'"" 1J 

'"" 20 

"'" 21 

""' 22 

'"" u 

'"" 24 

""' 2J 

'"" u 

"'" 17 

'"" %1 

"'" Zt 

"'" .10 

'"" .11 

""' .12 

""' SJ 

""' 14 

"'" u 

'"" 
,, 

"'" J7 

'"" .11 

"'" Jt 

'"" 40 

'"" 41 

'"" 42 

'"" 41 

"'" 44 

"'" 45 

Table ~2 

Ia-Sit• Delta-Ga .. a la41aa ••••~••••t lae.tte 
to~ App~oataate Looattoae CNJtttt) 

Ptpn <&a,) 
th-22fl ""') lang· 

0 2.2 ~ 0.7 ••t•n•• l ... u .. --1 
0 1.1 ! 0.7 laetpo_. ~e .. u .. .,.1 
0 1.0 ! 0.7 laetpo_. loaun --211 
0 1.1 ~ 0.7 ••• , ... _. , ... u .. --n 
0 1.1 ~ 0.7 ••~tt~ , ... u .. --• 0 1.1 ! 0.7 laot1n_. lo•Un --• 
0 1.1 ~ 0.7 

··-· .. , ... u .. 11-4 0 1.2 ~ 0.7 Jaot1n_. 1o•U• 11-4 
0 11.7 ~ 1.4 AH~o- 200ft ._..Uo• fl'• N1UOO. 112450 

' 1.4! O.J .&no,.. 200 ft donatn• fl'• 1111400. W450 0 11.2 ~ 1 •• .knfo- .00 ft .... lti'OU fl'- N11.00, 112450 f 0.2 ~ O.J ~ 4100 ft .... u ..... ,.._ 1111400. W450 0 U.7 ~ 1.1 k~o- fOO ft._.., ..... f..- 1111.00. 112450 f O.S ! O.J ~ fOO ft ... u ..... ,.._ 11114100. 112450 0 1.1 ~ 1.2 ~ 100 ft .... , ..... , .... 1111.00. 112450 

' 1 •• ! O.J ~ - ft ..... , ..... , .... 1111400. 112450 0 0.1 ~ O.T k~o-1000 ft ........... , ... 1111.00, 112450 
0 1.1 ~ O.T AH~UOO ft ...... ,.. .. fne 1111400, 112450 
0 10.0 ~ 1.2 k~l.OO ft .... atn• f..- 1111.00, 112450 
2 1.J ~ O.J AH~1400 ft ..... , ..... fl'• 1111400. 112450 
0 2.t ~ O.J AH~IfOO ft ,_.auo• f..- 1111400, 112450 
0 1.1 ~ 0.1 Afto7o-UOO ft ,__sen• fl'• 11114100 •. 112450 0 S1.7 ~ 2.1 ~ 200 ft ,_.atl'o• fl'• 1110f00. 11200 

' 2.J ~ l.f '"~ 200 ft .......... ,.._ N10f00. 11200 0 2.1~0.1 Anw,o- .00 ft ,_.atl'o• fl'• 1110f00. 11200 
0 O.S ~ O.f ~ •oo '' ........... ,,... N10foo. Jaoo 0 0.1 ~ 0.7 ~ 100 ft donatl'e• fl'• N10fOO. 11200 0 10.5 ~ l.J kl'~o- 400 ft .. natl'eu fl'• N100st • 112775 

' 4.1 ~ 1.1 AH~o- .00 ft ._..u, .. fl'• N100St. 112775 
12 2.2 ~ 1.0 ~ 400 ft ........... ,.._ N100st. 112775 

0 4.4 ~ O.J Aft~ fOO ft donaueu f..- N100SJ. 112775 
0 1S .J ~ 1.1 Aft.,_ 200 ft donatn• fl'• Httf7. 112Jt0 s 2.1 ~ 1.1 ~ 200 tt ..... u ... ,,... Httf7. auto 
0 t.2 ~ 1.0 Aft~ 100 ft donatnu fl'• 18tf7. 112UO 

' J.J ~ 1.1 u~ 100 ft dow .. uua fr• HttfT. 112UO 
0 ... ~ 1 •• AHo7o- 200 ft donatn .. fl'• Nt510. !11510 

' 1.1 ~ 0.1 Anw,o- 200 ft .... u ... ,.._ 18510. 112510 
0 7.1 ~ 1.2 kl'~ 400 ft donatn• fl'• NISIO. 112510 

' o.s ~ 0.7 k~ .00 ft ........... , .... 18510. 112510 
0 1.2 ~ 1.0 Aft.,_ fOO ft donatl'eaa h• NtSIO. 112510 0 2.J ~ 0 .I ~ 100 ft dowaatnaa fro. 18510, 112510 
0 1.2! 0.1 ~ fU ft dGnacnaa fl'• NtSIO, 112510 
0 Jt.2 ! 1.f Un,o- 41 ft aol't• of U.S. liJkw•7 1fS (kea D) 

' lS .I ! l.f k~ 41 tt aol't• ot u.s. lia'-•7 lfl <AI'•• D> I 15.1 ! l.f k~o- 41 ft aort• of U.S. 11,._•7 1fl CAI'ea D) 
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Apptadiz I 

IOB!lJQL! G!OPJDICAL LOGS ANp RATA 

TWo loaaiaa ayateaa were •••d at eke Xezicaa lat, Utah. site, a spectral ayatea 
(Coapulouer) au I toul-oout syltta (PIS-1 WCAL). Borehole data traa tacll 
ayatea are preaeattd la Ia•l•• 1-1 aad 1-2, reapectiTtly. Eqaipatat character
hUes aad au•uuoa illfoauioa art iaol..Sed to doc•••t ue paraanera ued ia 
cia ta rtdacUoa. 

Uacartaiatiea for the total-oout syatta wert calc~attd at a t5 ptrceat eoafldtaoe 
ltTtl (2•). later ••• taeoaatertd ia oaly two •ortlolea. Loaa for all other 
•oreholea laTe aa iadloattd flald-ltTtl dtptl of JJ.O ft whlcl la a dtfaalt Talat. 
The aaaer keiaht akowa oa each loa ladloatea tlt d1ataaoe aeaaartd fraa tilt top of 
the aaaer to tlla aroaad aazfaoe. 

ladloaetrlc loaa for tack of tht •orelolta art preatated oa aieroficllt ia the 
pocket ••low. Tbt perceat alra (~) prtctdlaa data eatrltl aiaalflta aa 
OTerflow ia the data field whick oecara after aa appareat radia.-226 
coaceura tioa 1nater tllaa JJJ .J la naued. 

-
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I 
I 

Ta1111 1-1 

lor••ole Data froa Speotral Syatea I 
lliOUiifiHT DATA I 

INSTIIOO!HT COJCPULOGGD WDG DICINESS 0.1115 Ia. 
G10 NmiBD 1115 WDG PACI'OI 1.231 ~ 0.012 

I SERIAL N17MBD 231-GJ PLUD PACI'Oa 1.220 ! O.U4 
DET!CI'OI Nal('ft) IOIST'D'U PACI'OI 1.01t ~ 0.007-
DE'I'ECI'OI Sl%! 2 Ia. a I Ia. I PAC'l'OI 7.00 ! 0.11 a-opa/pClCela-226) 
PROBE DLUCE'l'!ll 2.5 la. 8.\aGIOUND 21.04 ! J.24 opa I BOLE DI.Um'l'n 1.11 la. ALPIIA PAC'l'OI J.O ! O.J 

C.U.DL\TION DATI 4 Sepua11er 1tl4 

I Bole G[i~ COO[diBISII lh.,uioa Loa Dept• 
No. North Ens ( tt) <n> 

I IIAT-G14 t200 1500 4335.1 7.5 
BAT-G21 I toO 1200 4345.5 3.5 
BAT-G22 ltOO 1400 4JJt. 1 f.O 

I BAT-G23 1100 7tOO 4347.1. 3.5 
IIAT-G21 1100 1500 4340.4 4.0 
BAT-G2t 1700 7300 4332.1 3.5 
BAT-GJ1 1700 1200 43~2.1 J.5 I IIAT-G35 1100 1500 4350.3 4.0 
IIAT-G45 IJOO 7500 4340.1 5.5 
IIAT-G47 1200 7t00 4353.4 4.0 

I BAT-071 10350 1150 4313.1 4.0 
BAT-0.13 10000 1100 4315.0 J.O 
BAT-074 ,00 1000 4311.1 1.o. 

I IAT-075 ttOO 1100 4311.4 t.5 
IIAT-GIO t700 1200 4321.0 .7.5 
IIAT-011 noo 1300 4323 .I 11.0 
IIAT-013 tiOO 1200 4322.4 1.0 

I BAT-Gil t400 1200 4321.3 11.5 
IAT-GII t300 7500 4330.1 4.5 
IIAT-102 tl07 t141 4312.1 5.0 

I IL\T-103 t112 ts21 4305.1 4.0 
IIAT-105 t530 . tl47 4315.1 1.5 
IIAT-110 1142 '"' 4J3f.O 27.5 
IIAT-120 f014 1136 4331.3 1.5 I BAT-121 flU .,., 4331.2 14.0 
IIAT-151 tl01 t07 4305.1 5.5 
IAT-153 '"' lOOtS 4292.2 1.0 

I IAT-157 10320 10711 4211.3 t.O 
IL\T-Ut 10223 11011 4267.7 7.0 
IAT-161 10101 11130 4233.5 12.5 
BAT-161 ntt 11424 4300.7 t.O I' IAT-lU U22 11004 4295.6 t.o 

I 
E-2 

I 
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Table E-2 

Bortbolt Data fro• Total-Co•~t Syatt• 

EQUIPMENT DATA 

INsn'Oli!NT 
GJ'O NUMBER 
SElliAL NOMBER 
DETECTOR 
DETECTOR SIZE 
PROBE DIAMETER 
BOLE DW!E'l'ER 

ns-1 L\SC:.U. 
C-3572S 

CASING T.BICINESS 0.1115 1~. 
CASING FACTOR 1.555 ! O.Ot5 

153 FLUID FACTOR 1.112 ! 0.071 
NaiC'rl) MOISTORE FACTOR 1.06t ! 0.007 
2 1~. z 2 la. 
2.5 la. 

I FACTOR 77.14 ! 2.24 a-cpa/pClCtla-226) 
BACEGROCND 135.51 ! t4.20 cpa 

6.11 la. 

Bole 
No. 

BAT-011 
IAT-G12 
BAT-013 
IAT-G15 
BAT-011 
IAT-011 
IAT-G11 
IAT-Olt 
BAT-020 
IAT-G21 
IAT-G24 
IAT-025 
BAT-027 
IAT-0%1 
IAT-030 
IAT-G32 
nr-ou 
BAT-034 
IL\T-036 
IAT-031 
BAT-031 
IAT-GJJ 
IIAT-G40 
11.\T-041 
IAT-G42 
IAT-043 
IIAT-G44 
IAT-G41 
IAT-041 
IAT-o4t 
IAT-GSO 
BAT-GS1 
IAT-GS2 

ALPHA FACTOR 3.0 ! 0.3 
CALIBIATION DATE 04 Septtabtr 1tl4 

Grid Coordinates 
NortJl Eut 

t2oo noo 
t200 1100 
t200 1300 
tOOO 7t00 
tOOO 1100 
tooo 1300 
tOOO 1500 
tOOO 1100 
ltOO 1100 
ltOO 1200 
1100 1100 
1100 1200 
1100 1100 
1100 ltOO 
1100 1700 
1600 ?tOO 
1600 1100 
1600 1400 
1600 1100 
15JO ltOO 
1500 1700 
1500. 1200 
1400 7t00 
1400 1100 
1400 1300 
1400 1500 
1400 1100 
1300 1100 
1115 1100 
1200 1300 
1200 1500 
1200 1750 
1000 noo 

E-3 

Elnatloa 
(ft) 

4331.1 
4343.1 
4337.1 
4342.1 
4341.t 
4342.1 
4335.2 
4330.3 
4341.3 
4345.5 
4341.1 
4343.4 
4344.2 
4331.7 
4355.0 
4350.1 
4344.1 
4342.1 
4345.1 
4.41.7 
4351.5 
4343.1 
4350.1 
4341.1 
4347.4 
4352.1 
435t.J 
4351.1 
4351.6 
4354 ·' 
4351.4 
4352.t 
4353.2 

Loa Depth 
Jft) 

1.5 
1.3 
2.t 
3.1 
4.4 
2.1 
4.2 
2.5 
3.6 
4.4 
3.6 
1.0 
1.5 
1.0 
4.1 

. 2.7 
1.0 
3.7 
1.6 
3.1 
2.2 
2.0 
1.3 
3.t 
2.1 
2.4 
0.1 
3.2 
2.1 
0.1 
0.3 
1.t 
3.5 



I 
I 

Table E-2 Ccoatia .. d) 

I Jlole iEid ~22Edill,ll !le•atioa Loa DeptJL 
tip. tfo[th !a at (fs) (ft) 

I JIAT-o53 1000 1100 4351.'7 1.4 
IAT-G54 1000 uoo 435'7.f 3.5 
IAT-055 '7100 '7tOO 4353.2 3.5 

I IAT-G5f '7100 1100 4360.1 2.0 
IAT-G'72 10200 1100 4312.5 '1.0 
BT-0'76 1100 '7'700 4321.4 4.3 
IIAT-G'71 tiOO uoo 4321.'7 4.0 I IAT-o'7t 1'700 1100 4311.6 1.4 
nt-oa t'700 a.oo 4332.1 2.t 

•BAT-GIS tsoo 1200 4332.5 2.'7 

I IAT-G1'7 t400 uoo 4336.1 0.1 
IAT-101 tiOO It to 4332.6 2.t 
IAT-104 "52 t41t 4315.0 4.0 
IAT-106 f400 t76t 4312.3 1.1 I IAT-10'7 1201 fl4f 4300.0 14.5 

•BAT-101 to2J tl02 4315.0 2.'7 
•BAT-lOt 1125 f720 42 ... 1 2.0 

I -BAT-112 12, f22J 432t.5 2.1 
•JIAT-113 1311 1135 4332.2 '7.5 
•BAT-114 1241 I Its 432t.1 3.5 
IAT-115 1442 lt64 4332.t t.5 I IAT-116 -.oo tOOl 4336.4 l.t 
IIAT-11'7 1'734 tOt'7 4334.5 0.1 
IL\T-111 1152 lt'7t 4331.4 0.1 

I IIAT·llt t003 f0'74 4334.t 2.1 
JIAT-122 tJ'73 1'713 4330.1 2.0 
IAT-123 "42 1'7'75 4332.' 3.2 

I JIAT-124 ,60 t246 4313.' '7.1 
IAT-125 10151 t2JO 431'7.3 '7.0 
IAT-152 tt0'7 tl4'7 42t5.'7 4.'7 
JIAT-154 1010t 10340 4212.0 3.4 

I IAT-155 lOUt 104'71 ·421'7 .3 o.t 
IAT-156 10263 10614 42fi.O 2.5 
JIAT-UI 10446 110.2 425'7.3 4.5 

I IIAT-UO 1010'7 1141f 4236.1 3.0 
-BAT-163 till. 11533 4245.1 '·' IAT-114 "" 11f14 42'72.'7 2.'7 
JIAT-115 t531 116f2 42'71.1 11.1 I IIAT-lf'7 tlOJ 113'72 4304.3 3.3 
IAT-lfl lt'71 112ft 4300.5 l.f 
IAT-1'71 lt44 10'732 42t3~5 4.5 

I ~-1'73 lt03 1031f 4214.5 1.3 
•RAT-1'74 lit I 1024t 4210.2 5.3 

-Borellolta loaa•• withoat caaiaa. Data were redaced tor I these 'oreholea ••laa a hole di&aettr of 5.5 ia •• 1 caataa 
thickaeaa of 0 Ia., aad 1 caaiaa factor of 1.000! 0.000. 
All otlltr tq•ipatat data wert the I &Ill tor all boreholes. 

I 
E-4 .I 
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Table E-2 ( COiltilluecl) 

Bole Grid Co2£dilliSII !lnaUoa Loa Depth 
M2. Morn !us (ft) ( ft) 

. . 
8&\T-175 . .,, 10100 4211.t 1.t 
•BAT-176 1721 '"' 421t.7 2.1 
•BAT-177 10105 11302 4242.0 2.5 
•HAT-171 ,,. 11407 423t ·' '·' BAT-17t 10011 11,22 4230.7 2.7 
*BAT-110 ''" 11511 4237.2 4., 

•Boreholil loaa•d without caailll• Data were reduced for 
theae boreholes usiaa a lole diameter of 5.5 ill., a casilll 
thicklless of 0 la., alld a caallll factor of 1.000! 0.000. 
All other equipaeat data were the aaae for all boreholes. 

!-5 
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Appea4ia F 

Jrpn.piNG-spmt pAIA 

Tables F-1 t~oaah F-1 preaeat reaalta of espoawz.-rate aa4 alpha aeaaareaeata 
aa4e ia huil4laaa at the Mesicaa Bat site. Flauzea F-1 thzoaJh F-1 l4eatlf7 
the approsiaate locatloaa of the aeaaareaeata. Locatioaa ideatlfit4 h7 the 
letter I iadicate locatioaa of PIC aeaauzeaeata. Locatioaa 14eatlfie4 by a 
'lact dot followed h7 a a~ber ladlcate locatloaa of alpha-aDZTe7 aeaaareaeata. 

F-1 



·····~··••t LooaUoa 
No. 

l 
1 
2 
3 
4 
5 

' 7 
I 

J 

1~•7 Data fo~ l!lldlaa 1/0~e-craaklaa l&lldlaa 

uea 
Suo. eyed 

ft/Ceate~ of llda. 
Floo~ 
Floo~ 
Floor 
Floor 
noo~ 
Floor 
Footer 
Pit 

.7 

•• 
·' 

0 

Alpha Spaty ( ppa) PIC !zpotpre-latt Cyl/h) 
Dl~••t Cleaa Firat Secoad 

larfact leadip~ Readlps 

f4.0 63.1 
310 J4S 

1000 1030 
f2S fOO 
3ts 320 

1400 1300 
1100 1400 
1100 1100 

100 100 

4 • 

' • [PIT •• I 
X 

•z 

·' 

10 

Fia~r• F-1. X•••~reaeat Locatioaa ia B~i14iaa 1/0re-Cr~shiat B~ildiat 

F-2 
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I· 
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Sa~t7 Data for Bai14i~l 2/Skttt lttal Shop 

Mtaaurece~t Mta AI~~~ ~•£!!% !s~l El' E~~~sure-RI~! !llB£~1 
LocaUoa Suort7td Direct Clua Firat Stco~4 

No. Surface leacHsc leadipa 

I 3 ft/Ct~ter of 1141. 20.'7 20.'7 
1 'I all 20 0 
2 Floor 20 2 
3 Li1llt Fbt•r• 25 ' 41 'I all 40 0 
5 noor 20 4 

' Brick 'lall '7S 0 
'7 Wall 2 

• Floor • 
' Fule los • 10 Wall 0 

.7 .a 
• 3 • 6 10• 

x5 
)I, 

4. 
•g 1 .2 

l I 

0 20 40 !'lET 

Fia•r• F-2. Xeas•r•••~t Locatio~• i~ l•i14i1ll 2/Sheet Ketal Shop 

F-J 



TaUa P-J 

s~., Data fo~ lai14laa 3/lapty Metal Bai14lal 

MeaaGreaeat Al-e a 411.1 SIE!!! !'II~ EIC E11211EI-BI~I hill·~ LocaUoa San-re4 Dbecc Chaa Pbu Secou No. Sprfue lu4Ja• lu4ia• 

l J ft/C.ate~ of 1141. 11.1 s:.1 1 noo~ 13$ IS 
2 noo~ 220 40 
3 noo~ 140 70 
4 Ploo~ 110 to 

X 

0 !0 FEET 

Fi&~• F-J. XeaaGreaeat Locatioaa ia 8Gi14ial 3/Eapty Metal 8Gil4ial 

I. 

I 
I 
I·· 

I· 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
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I 
I 
I 
I 
I 
I 
I 
I 

Meaa1lr•••~' 
Locuio~ 

No· 
% J 
1 
2 
3 
4 
5 

' 1 

• 

Table P-4 

S~ey Data for B~ildi~l 4/Ge~erator B•ildi~l 

uea 
s~n•y•d 

ft/Ce~t•r of 1141• 
Ploor 
Floor 
Ploor 
Floor 

Geaerator S11.pport 
Geaera,or Sapport 

Floor 
Floor 

0 
I 

''a~a Is£!•! 's;al El~ E&aosll£•:11~• iwB£~1 
Direct Clea~ Firat Stco~d 

S11.rface ludiBa Readi;c 

11.2 16.0 
100 ts 
100 ts 
so 110 

lfO 140 
120 140 
110 10 
15 15 

100 120 

X 

20 40 FEET 

Fi1~re F_.. Meaa~r•••~t Locatio~• i~ 11ll14i~l 4/Go~erator 11lil4i~l 

P-5 



Xeaaanaeat 
Lo~Un 

No. 

~ J 
1 
2 
J 
4 
s 

' 1 
I 
J 

10 
11 
12 
1J 
14 
15 
1f 
11 
11 
1J 
20 
21 
22 
23 
24 
25 
2f 
21 
21 
2J 
JO 

Taltle P-5 

San~ Data fo~ B•Udba 5/T~••• Scllool lalldlaa 

uea 61111.1 1•1:!•:! ! sa! ll~ III!I•Et:l•~· 'aBllr.2 _ San~•• Dl~IOt a .... ll~n Seoou 
Syfaet ludl;s ludlu 

ft/Ceate~ of llda. 11.0 = 11.4 
P1oo~ • fO 
Ploo~ ss 10 
P1oo~ 130 100 
It-o• ss fO 
noo~ ss ss 
noo~ 10 JO 
P1oo~ fO 50 
noo~ 10 fO 
noo~ JO 10 
Wall 40 JO 
P1oo~ ss 35 
Wall 40 JS 
P1oo~ 10 10 
lloo~ JS JO 
Wall (ldot) 20 20 
11oo~ 40 JO 
11oo~ JO 25 
Wall so 20 
noo~ 20 5 
11oo~ so 40 
P1ooc 35 50 
l'loo~ 50 25 
lute~ hot JO 55 
noo~ JS 35 
noo~ to 10 
noo~ 10 fO 
noo~ to fO 
noo~ fO JO 
11oo~ • 40 
Wall JO 15 

I 
I 

I 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 

•2e .29 .30 

.. 
•2s •2s .27 

I 
•22 .23 .24 

I 
I .19 •2o .21 

I .16 .17 •Ia 

I X 

.13 .14 .15 

I 
I 

•to ... .12 

I .1 •a •g 
N. 

I •• •s •s 

I ., ··2 .3 

I 
0 10 40 FliT 

I 
·.I 
I Flau• F-5. Xeas'llreaellt Locatlo111 lD B1lll4lDI 5/Tra4e School B'lllldiDI 

I F-7 

I 



Jl••··~··••t 
LocaUoa· 

No. 

1 J 
1 
2 
J 
4 

Ana 
Slll"'171d 

ft/Ceata~ of llda. 
noo~ 
noo~ 
Wall 
noo~ 

0 
I 

• I. 

Table F-f 

A!;•a ~•E!!I !2211 ll' Ez;oaJI•-••~1 {11Ba! 
Dbeot Chaa Fl~at Seootd · 

!prfue Ill db! Bu4lp• 

11.0 11.6 
10 50 
35 10 
40 20 
50 20 

X 

10 20 FEET 

Fl11lre F-f. Xeuueaeat LocaUoaa ill B1l1Uill1 6/Brict B1li14izaa 

P-1 

I 
I 
I· 
I· 
I 
I 
I 
I 
I· 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Ta1tle P-7 

s~r.r Data fo~ Bail4iaa 7/Scale Boaae 

Mtasveaeat Area '11!11!• ~tl£!:ei !'a~ EX~ £1I!Oii[e-iate ~liBLJll 
LocaUn s~.,.., Direct Chaa First "Secoacl 

No. S;[ftce Budip.t Bea4iu 

% 3 ft/Ceate~ of 114&• n.7 "·' 1 noo~ JJO 210 
2 noo~ 260 255 
J Ploo~ 235 400 
4 Floo~ 250 310 

• 3 

X 

0 10 FEET 

Fiav• P-7. Xeaavtaeat Locatioas ia lailcliaa 7/Scale Boase 

F-t 



••••v•••t 
Locatloa 

!a. 
X J 
1 
2 
J 
4 
s 

' 7 

• 
' 10 

11 
12 
13 
14 
1S 
1C5 
17 
11 

Taltle F-1 

SarYey Data to~ lal14laa 1/lealtb Cllaio 

Ana '~~~~ 11£!1% (cam! 21, E~;21aEI-B!SI (MI£~1 SarYeyed Dl~eot Cl••• Fbat Seooad 
IIC:III lusUaa B1111U11 

ft/Ceate~ of llda. u.'i u.s WalUa1 1008 40 0 
Dad~ loaa 40 1 
So1'11aia1 lo• 40 1 
lzaa looa JO 0 
Lalt looa JO 0 
ftamacy lo• 10 0 
CJIN looa 20 1 
All looa 11 20 0 
All looa 12 10 0 
ID looia JO 0 
Aclalt !4. looa 20 0 
Sewtaa looa 1S 0 
Woaeaa leatl'ooa 40 0 
•••• leauooa JO 0 
All looa 13 30 0 
El lo• 20 .o 
Stona• 1008 2S 0 
FU1lace lo• so 0 

F-10 
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I 
I 
I .. 

I 
I ... .3 

.4 

I 
.2 

.5 
I 

I ·' 

I 
I 

., 
.7 

.•,o T 
X .,. 

I 
e17 l .,5 

I •a .•4 
.9 13. 

I 
I 

·" 
.12 

I 
I 0 10 

-I· 
I. 

I 
Fla~~· F-1. K•••~r•••~t Locatloas 1a B~1141a& 1/Bealth C11a1c 

F-11 
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BAaGBOUNp M!Ast'BEME:.l' PAIA 

Table G-1 preaeata aaalytlcal aad •••••r••••t data obtalaed at fo~ ~actaroaad II 
locaUoaa ladlcattd la Fi111r1 1. ladl•, thorl•, aad potauha •alaa repre-
•••t 1q11i"t'&l1at coaceatratloa1. All •••••reaeata ••r• 111rface ••aa11rta1ata. 
Soil a&aplea were oollected at a depth of 0 to f ta. II: 

G-1 
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I 
I 
I 
I· 
I 
1. 
I 
I 
1: 
I 
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APPARENT 

PROJEC.T: 

OLE NUMBER: 
LOL..-TION: 

LUIO LEVEL: 
PHAGE: 

RAD%UM-226 

MEXICAN HAT, UTAH 

01: 
920B.0N 79~0.0E 
99.0 FT. 
2 

CONCENTRAT%CN 

START DATEa 848918 

DATE DniLLEDI 840917 
ELEVATION: 4331.b FT. 

AUGEq HEIGHT I -42. a IM. 

iNSlRUMENT TYPE: PRS-1 RASCAL SERIAL ~0. 7'53 GJC NC.: C-3~728 
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.-:· 
'APPARENT 

I PROJECT: 

HOLE NUMBER: 

i LOCATION: 
FLUID LE\IELr 

PHASE a 
INSTRUMENT TYPE~: 

. . - -· • --- 7'--- .-~- . 

RADS.UM-226 

1'£XICAN HAT, UTAri 

1112 
92INI.IIN SUJe.IE 
99.0 FT. 
2 

START DATE& 

DA~ IAILLEDI 
~ATIC*r 

AUGER HEIGHTa 

84ft I. 
&48918 

4343.6 FT. 
-~1.8 IN. 

PRS-1 RASCAL SERIAL NO. 7~3 GJO NO. 1 C-3S729 

.• 

~FP~~ENT RA-22b <pCii9) 
0 19 20 31 11) ~: : ·. 

a. i i-·--t--..J-r------..__------~ ·-- ·-··· -·---- --L -· -------L·------~ J 
E '-

0 L . . U 
: '5 r:::=J 5-l~ ~ ..• 1 5 c;pJJil .~lS-

Cour-.t Rate Rad.lulll-226 Uncert•1nt,.. 

; 

licojj• .. , Obsgrved Appi:trent .2-SiQfll• 

d+ O:cpsJ tpCiig> \pC,,g> ==--==· :-.,. ~.:.; :- •=- -:::r.: ~:a•=r===•:r ==-====c:•=••••••r a ~-.:::::J:P~c.-.zaac:acaa•= 
. 0.0 177.3 1.o 1.2 

• 0. s llo. Q 0. ~ 1. 3 r.:l l.Vl 98.4 0.1 1.'3 
i • .:: 1 1.0 • 6 0 • 5 1 • ~ 

~ -· \<!i d.;.t"" gener-.t.ed by LOGCALC.EcAS · .. ·e, ::1on 1.1 5/N ~;.: 
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.. . . . ...... •"-r.-.;:::;-.:y.~6 .............. - . 

-~~-~-T AAD z U..-..2::z• CClNCE:NTAA T X ON .. 1 ::s I 
?ROJECT'a t1EXICM HAT,. UTAH 

HCUi i"'~a 
l.ocATIC»ta 

Fl~-tsi~ L£VELr 
~. 

~-~T TYP£a 

• 

t ,. 

t 

h 
... 

. . . 

-~---
. . ":: .. -.. 

--- ·--;. "" .. ::· ... ' 
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···-
~ . 

~-

~· 
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.· 
... , . .:. 

813 
92811.8N 
99~8 FT. 
1 

838a.E 

START DATE 1 8409111 

DATE DRILl.Eih 848918 
ELEYATlONa 4337. o FT. 

AIIGER HEIGHT: -29.11 IN. 

PRS-t· RASCAl. SERI-., NO. 7S3 6JO NO. 1 C-3S72S 
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APPARENT RADXUM-226 
COt~C::ENTAAT% ON 

PROJECTr HAT 
STAAT DATE: S4a9UI HOLE NUMBER: 014 

OAT£ DF<ILLEDa S4a91S LOC.:tTIONa 92N B~E ELEVATIONa 4~35.a FT. F'LUID LEVEL: ~.0 FT. 
AUGER HEIGHT: 39.0 IN. ~SEa -. 

~ 

t1'1STRI.JM£1\ T TYPE: COMPULOG SERI~ NO. 2~1-03 GJO NO.: 181~ 
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. ~ ... ~Pt-~.f· .. ~~tADZu,.::_;::a:z.: i::~EN-iAAT%aN .1:s 
~~ 'U. • • 

PROJECTs IIEXICM_ HIU, UT~ STAAT DATE1 8489UI 

HDL.£ ~~- •t:s .· ·· DATE DRILLED• · 84eq18 
LOCATIONf· 91-. 111f 7988. e£ ELEVATION• 4342. 1 FT. 

PLUJD LEYEL.a 99 •• FT. AUGER HEIGHT a -19. e IN. 
PHA&Et- 1 

!N&TRllt'ENT TVPEa PRil-l ~- SERIIIL NO. 7~ GJO NO. 1 C-3=72S 

. 
A.-,AREftT RA-221l tpCHq) • 11 21 31 41 

D 
1. 

I , 
1' • . ·_.t 

<~ c:::J "'5 IZZJ 5-1~ ~ ""1S IZZi '·l~ -
D.pth Obs.,ved App•rent 2-Sigma 

Count Rat• RAdi I.UR-22b UnctH""tAl nt y 
<ft·> <cps> <~Ci tg> <pCi tg> 
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3.. l ss. :s 1 • l 1 . 2 
3 • ~ 1 18. 7 ! . 1 J • ::: 
3.8 148.8 1.9 1.~ 
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APPARENT AAD%UM-226 CONCENTAAT%CN e1• 

I 
I 
I 
I 
I 

F'F<OJECT: 

HOLE NUMBER: 
LOCATIONa 

FLUID LEVELa 
PHASE1 

MEXICAN HAT, UTAH 

016 
~~00.0N 8100.0£ 
99.1!1 FT. 
~ 

START DATEa 

DATE DRILLEDa 
ELEVATION~ 

AUGER HEIGHT a 

8489111 

848918 
4348.c; FT. 
-12.0 IN. 

INSTRUMENT TYPE: PRS-1 RASCAL SERIAL. NO. 753 GJO NO.: C-3~72S 

~iJ 38 
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APPARENT - AAD X IJM-:Z26 

a • •• ::s;o::;;c • 1.' 
CDNCENTRAT%DN -~7 

. AH a.. p "*" . 

PROJECT a 

HOLE N!.JMBER: 
LOCATIONa 

FLUID LEVEL: 
F'HASE: 

MEXICAN HAT, UTAH 

CU7 
900GJ.Ii!IN 
91.1.0 FT. 

B3am.ee: 

START DATEt 

,DATE DRILLEDa 
ELEV~TIONa 

AUGER HEIGHT 1 

848C>18 

84M18 
4342.1 FT. 
-32.0 IN. 

I NSTF:UMENT TYPE 1 F'RS-1 RASCAL SERIAL NO. 753 GJO N0.1 C-3~72S 
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~PPARENT 

PRO.JECT1 

~E Nlr8ER1 
LOCATION• 

• '-UID LEVELl 
PHASE: 

fS£. :~· s;wi.Ul_l15- .. w-· ... 

RADZUM-226 

PEXICPIN HAT • UTAH 

018 
908e.0N 8588.0E 
~.0 FT. 
2 

CONC~NTAAT %.ON 

START DATEa EMM18 

DATE DRILLED1 848918 
ELl:. VAT I ON: . 433:5. 2 FT .. 

AUGER t£I6HTa -14.8 IN • 

I NSTRt.JP£NT TYPE: PRS-1 RASCAL SERIAL NO. 753 6JO NO. : C-3S72S 

I 
I 
I 
I 
I 
I 

APP.:.RENT RA-226 ipCilg1 
I I tal 
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:.a 
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'"•j • .. .,. ·---=-------~~~'~"·: ... -.· --. ~, ... ··~·· 

~A~p~:: ~~:: ~~~==26 STMT DATEa -te 
I-40LE NU11BER1 QU9 . DAtE DRILLEDI 848918 . 

LOCATION&~ ·~~liN .. 871118.8£ ELEVATIONa. 433a.3, FT. 
FLUID LEVELt. 99.Gt FT." AUSER f.EISHTa· ·-32.8 IN. PHASE:· : ·2 . ; 

~ INS TI'<LII'IENT TYPE: PRS-1 RASCAL. SERIAL NO. IS3 &.JO NO. : C-::SS7~ 

~ 
~ 

:,n .:.;.ENT RA-226 
a 31 41 
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I 
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I ]APPARENT 
.... . .- .-._.._.~ .. , .... ----~ ...,.~-=· ~.· .... ,,_~.~ .. -.... ~.~~-~ ~---

. -~ ,·. 
AADXUM-226 CONC&:NTRATXCJN 

I PROJECTa 

I HOLE NUMBER 1 
LOCATION a 

FLUID LEYELa 

r1EX ICAN HAT, UTAH 

028 
B988.8N 
9q.a FT. 
2 

START DATEa B489UJ 

DATE DRILLEDa 848918 
81180. liiE ELEVATIONs 4348.3 FT. 

PHASE a I ~ INSTRUMENT TYPE. 

AUGER HEIGHT1 -211.8 IN. 

PRS-1 RASCAL SERIAL NO. 7~3 GJO NO. 1 C-3:572S 
I 

It 
I 
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I 
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I 
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D 
E 
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APPARENT RA-226 !pC1:g1 

s. a: 
i ! e a 33 
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Deptn Obtierved Apparent 2-Eiama 
CoLint: r,~,te Radi Llm-:26 Uncer t~i nt ·1 
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~ROJECTt HAT 

i-40LE ~. 821 
Lr::CATIC:»h 

FLUL.C LEVEL& 
PHA&Et 

89N 
99.8 FT. 
1 

COfALOG 

I 

~iF~F.ENT RA-22o (pCiigi 
f 11 

&TART DATEa 8489111 

DATE DRILLED• 848918 
S2E ELEVATIONs 4348.8 FT. 

AUGER HE IBHT t 1-2. 8 IN. 

. SERIAL NO. 231-83 BJO NO.I 1915 

IL i:! ---r--------------.J·----------'------·--...i . ., I . . "~ J 
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APPARENT A.-D%UM-22• CDNCENTAAT%DN 821 
PROJECT a 

HOLE Nl.JII&Jit 1 
LOCATIONa 

FLUID LEVEL: 
PHASE a 

MEXICAN HAT, UTAH 

821 
8988... 82118. 8IE 
99.a FT. 
2 

START DATEa &4a918 
DATE DIULLEDa 848918. 

ELEVATIC»h 434s.s· FT; 
AU&ER HEI .. Tt -12.8 Ul. 

INSTRUMENT T~~E1 PRS-1 ~ABCAL SERIAL NO. 753 

l!PPARENT RA-22o < pCi/g) 
i 11 21 

F ' a. e-
D 

! . 0 
E 

2.0 
,] 

p 

J T 3. 8· 

H 
4.1 

31 •• 

5-15' IS'i:3 >15-

Depth llbservec• Apparent 2-Siam• 
CO\.tnt R.at• RAdi 1..1m-22o Uncer t&li nty 

'fti <cps> <pCi/Q) <pCi/g) 
••a=a====•=••m••cz=••••••••c••••a•=••••••=~~====;~a•c• 

0.~ 252.4 3.0 1.3 
0.5 138.3 0.0 1.3 
1.0 122.7 0.5 1.2 
1.5 113~3 0.4 1.2 
2.0 99.7 0.0 1.2 
2.5 98.5 0.1 1.2 
~.0 98.~ 0.1 1.2 
3.5 93.8 -0.1 1.: 
4.0 72.7 0.2 1.2 
4.4 ~6.7 0.o 1.3 

.. 'I; 
•• .. 

. !:' 

This d~ta generat·.e;,od lJy LOGCALC. EcAS 'Jers1 on 1. 1 SIN .a2 
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···------=-------..-----------· 
=~oJECir HAi START DATEt 84a910 

- ' 
• • • I 

".c..; 
~. i! ~. f 
e • ., -__ ..._.! r--l 

<~:2 
·' · ... : 89N 
99.QI ~·. , 

COI1PULOG 

- ,···71 

DATE DRILLEOa 848918. 
ELEVATIONr 4~39. QJ" FT-. 

AUGER HEIGHTa 7.0· IN • 
~. 84E 

SERIAL NO. 231-83 G.JO NO.a 181:S 

... ~.6 

-="P·-··· Observe~ Hpparent .:-si~.~m..-. 
Cc~nt Ratw R~~~~m-:2c Wncerta~nt, 

-·· \~t <cpsl 'pC;./c;P <pC11~> 
~==-•=:.:c:.:.==""-====•••--•a::=••••==-..:.=:c:=ccac::aaa:acca-.:~::;-.·:..:c= 

·).0 l7c.s .22.4 0 c-0 , 

0.~ 281.9 46.~ • C' 
a. • .. J 

,... 
298.o 4?.1 ~.o !•S 221. 1 ::1./ ..... "' ..... ..:.~ ~=-2 39.0 1.9 z.s 228.0 34.9 1.2 - :;:, 14~.t;, 15.8 l . ki ,. ... ~ 

• J • ...J 84.~ 3. 9-' 1.2 ~·· . 
.... 0 67.~ ::.2.:Y "·9 .;. . .::: o4.5 o.c l.IZI c:: • 

~7.~ ~.w 0.8 -·. ~-: 

:: . .:. 49.6 1.5 0.C. :loiJ .q2.~ 0.5 e.~; 

.· --· 

1:· 
a:z:z 

I 
I 
I~ 

I 
·I 
I 
I 
I 
1: 
I 
I 
I 
I 1 ~-. .. 

I 
I 
I 
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:.,~~if-_..,.11. iii .llriiS~iill .. t?l!lai!tiili.Yii~.T-IJ? ••rllt•z •••. 117·······--· 
I ~~?ARENT. RA~~UM-226 CONC:ENTRATXON 182~ 
I ·t 
I 
I 
I 

l:~t_· 

I. 
I< ... 
1~. 

I'~ 
~~ 
' i ..... _. 

I'-~ 

PROJECTa HAT 

HOLE NUMBERa 023 
L8CATIDN1 8SN 

FLUID LEVEL: 99.0 FT. 
PHASEa 1 

JNSTF.~ME:NT TYPE: COf'FtLOG 

79E 

START DATE: 840910 

DATE DRILLED& S4eq1S 
ELEVATION& 4347.0 FT. 

AUGER 1-EIGHT1 11.0 IN. 

SERIAL NO. 231-93 GJO NO.: 1815 

:a 5G u 
·e 

-·· •····· ·-· ··- . .•. - ..... "·-----J 

. :. L:·.:J 

.-Qe~·' · :..Jt;..!ler VE .-~ Aopar en t. 2 - S1 -llli&e 

Count f:'·at.~ ~aci•.tm--£~6 :.Jncerl?.ln+:·y 
(it! ~~p$J <oC11ai tpC1 'q) 

•=---===:.::..:::.;:.:--;=::=a=:.;==;.~e•aa•ar.;:::.:.:a -.=ar-=-==:o:-z:::.; -===rc::.:::.::=;.;::-..::=:-: 
0 • lt.l 4:: . tJ il . :5 0 • !) 
8.5 42.6 IZI.4 0.c.; 
1.0 -.::;.s 1.0 0.o 
1. 5 41. l -0. 0 t). 0 
2.~ 42 • .2 0.:. 0.6 
2. ::. 44. 8 . 1. l IJ. 6 
~.IV 4t"· '.:1 0. 8 ~. 6 
~.5 1~5.0 0.9 0.5 

-'-~ .... · 



~PPARIENT JlltAD Z ~-226-

· - -----.••. -~-~IP-f-""'·•--..q---._ .P.-!,.SII!!C .... -_.fA•. !JIII&I!' .• ~w;MII';:w._ll''~<;aslll!! __ ~'~~''!!·-"'"' •+!1" . .-~-~ll.pi!I!!_IF.~~f;.~SIII_j.f .. _, ..... _._!•;t•_IIJ.IJl•II,Pit.~ . 
.,. : r 

CONCIENTRAT Z C1N •:a4 ~~"!· 
PROJECT a 

HOLE~~ 
LOCATIONa 

FLUID LEVELa 
PHASE, 

P'EXICAN HAT, UTNf STMT·DATEI 84eYt·a· 

DATE aRlLLEDa IMM18 · 
ELEYI\TJDNa · 4346. 1 FT • 

A.IFER J.El&HTa -21.-8 '-N• 

824 - ... 99.8 FT. 2 . 

-NSTRUriENT TYPE1 PRS-1 RASCAL. 

APPARENT RA-2a (J1Cil9' 
I 11 

- l 
il ••• t--J 

E 
J.l 
2.1 J p 

T 
3.1· 

~ 3.6 

.... C::J ... o/5 IZ2J •·. ,J 

,· 

~ A~~:• .• -.: i~~u_-...:_..:_ ,:.;:.,;_ :': ·:. 

SERIAL NO. 7SS &JO ND.a C-35728 

:a 31, 41 I t 

~-l5 ~ "'1;, a. )1:5 --

SIN H2 

I 
I 
I~ 

Sl I· 
• .. ·-1 

.. · 
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I 
J·, . ( 

' ...., ·; 
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I 
•'APPARENT 

PROJECT a ~ 
I HOLE Nt.JI'fBER I 

L..ClCATIONa 
• FLUID LEVELa 
4 PHASEs I INSTRUMEIJT TYPEa 

:i 
I 

I 

RAD%UM-226 

I"EXlCAN HAT, UTAH 

·~ aaea.aN 
99.11 FT. 

CDNc:IENTRATZDN 

START DATE1 8489ta 
DATE DRILLED• 8411918 
~TIONa 4343.4 FT. 

AU6EA HEIBHT1 -52.8 IN. 

PRS-1 RASCAL SERIAL NO. 7S3 GJO NO. 1 C-3S72S 

··.'
- 1 

:r D 
il 31 4. 5I 

. -·-- ---..L ______ ----~--------.-------J 
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-· 

IJb s.er di·d 
[ ·~l~• n t P.,. t P. 

<c:psJ 

:·,I~ t~ 

••Ppc~ren t 
i ... ._h l..loTo-2.4o 

•.t:J(l ... q, 

"JS Bl1l >15 .. 

2-Si g111• 
Uncert•intv 

\pCiig) 
· :.:.. .· ::; ::.. =~•ca.:::..:•s .. aa;a•a••••_,.• 

~.~ 1.~ 
~.J !.4 
'.Ill 1.' 

L l• •· ;,,_ ·- .l:,:-,~-. SiN H2 
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._ .... •. ., 

... 
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PA':JJECTJ HA( .... 

!ta..E NLMIIERt' a.. . 
t_oc;TI£311s:. · . ·sat·. 

~t...UlD '4EV&l.:· . 99.e -FT.: .. 
. ~~S£4 • ~-· J~- :.~ : . ~ 

STMT: DATEa 84MUI 

DATE DRILLEDa 84891& 
EL.E\MTIONt 4348. iJ FT. 

AUGER HEISHTa Ul. ca IN • 

l:o~Tlt..r.ENT "YP£& a»FUL.OI SERIAL NO. ·_:231~ SJO NO.: 181~ 

. . . . ;: . 
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·: .. ::;.~. . 
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I I APPARENT RADZUM-226 CONCENTRAT%DN 

I PROJECT• HAT .. . START DATE• 8411'1111 I' HOLE NUMBER: 1126 
LOCAT!ONr 88N 85£ DATE DRILLED• 848919 . 

ELEVATION• 4348.11 FT. , FLUID LEVEL: 99.0 FT. 

I . . PHASE: 2 AUGER HEI6HTa 111.11 IN. 

INSTRUMENT TYPE: COHPULOG SERIAL NO. 23J-03 GJO NO.: 181S 

21 li .J8 .. 

I 
I ._L_ ______ ..._.~.__ .. ________ __,_ __ 

l.l 

E 
F 
j 

>t.~--

I! L'~P r~h ·wc.:;et· . l':d Apparent 2-ai cuna 
L..:..·· .• nt t•:c.11.e Radium-22b Uncer·faint:v 

•+~.) '.•.PSI <pC.1./g) O:pCi/g) 

I ==-=~~0===:::.s:::::z.::: ·"7.S.a~ ;=====::acac7~~2""'""=·=:::.o·.=-===0~~-===-= 
0 "'i '7' 8 • ; ; =? '.: 0 • ..,. 

· ) 1 • 0 ! 6 o • v) 2: 2 ~ . 9 
1 • c- · a:. L1 3. 5 ~. 7 
:::5 ~(1_'1.·, :.;.4 •il.7 
::.5 ·.;i.l 4.! 0~7 
3. 0 ·_; •I • ~J 1 .• 8 0 • 7 
~:: • ~j : ~ ... ~ • :·.~ 2 • 6 (l'l • 7 
4. ;.:; :.;._-;- . 2. 4 tZI. b 

·.-
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I 

' ... : I·. 
-; 

,~_J.·.: ·.r • -~· ; 
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:APPARENT RAD Z UM-226. 

PROJECT1 MEXICAN HAT, UTAH 

HOLt NUMBER 1 · 027 
LOCATION: Bsea.0N· 87Bm.aE. 

FLUID LEVEL: 9~.0 FT. 
F'HASE: 2 

......... 

CCINCENTRAT%DN 

START DIAT'Ea ~18 

DATE DRILLED• 848919 
ELEVATION a 4344.2 FT.· 

AU6ER HEiaHTa -46. a IN. 

INSTRUMENT TYPE: fRS-1" .RA;:iCAL SER 1 AL NO. 7!53 ~D NO. I C-3~725 

I' 
IJ 

.:.._.• 

-· 1?. 
" 

~ . . ··...:· . : . 

31 4@ ~--.:1~ 
---~ --L------·-· .... -~' ·.-·. ~. 111 T-·· .-:-:-:-::-:-:-:-:-: -=«"-:-:-:-:-:-: :-:-~ :-:-:-:-.-:-:::-:. :-- ;,.: :-:: :-:-:-:-:-::-.:: :-:: 

:.?.: r ·L::···· ·.:._~ 
! .... - . .4. •. : --:....;.:._] 

........ J.:J u-, 

~t.· 

i '"" .... -=~--"-----
1 ~-"'· ~,. :. 
i 1 • ;.1 
I 

I 

~ • e .... l ~J 

Observ~d App~r~nt 2-Si~m~ 
C.·:lur.t 1;<-"te r.·ai.llum-·2::6 Uncaar te~1nt•t 

(cps, •pCitg, i~Ci/g! 
:~=~==~•~===•~~=•s=~=••a======~•===••===~=• 

148:.. 1 
765. s 
::.:,. 4 ._,_ 
~..;. ., • !;) 

25.1 
£.Li.0 

l ..... 
4.3 
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APPARENT RADXUM-226 CONCEN~AT%CN a2a 

PROJECT a 

HOLE NUP'IBER 1 
LOCATIONs 

FLUID LEVEL: 
PHASEs 

P£XICAN HAT, UTAH 

e2S 
EM:I8a. 0N 8988. 8E 
99.(1 FT. 
2 

STMT DA~a 84Mte 

DATE DRILLEDa 848919 
ELEVATION• 4:s38. 7 FT. 

AUGER HEIGHT a -S3. 8 IN. 

I NSTRUP1ENT TYPE: PRS-1 RASCAL SERIAL NO. 7S3 &Jo NO. a c-~728 

-" 

~~ ;e 
·-··· --l -- ----- --- l._-

" 15 r?D;I 1 ... . _, 

Obser vec>d .,.ppartmt. :...:-Sa gm• 
CoLmt ~ate f"<4ild1 u.-n·-..;.26 lJncerte1 nt ·~ 

'~t· ICP~I (P~11Q/ fpCtiQ) 
•==:.=.::.-~ ... ==-=.;.:.=:=c:-.-.::::.:e=a==========raa•:z.::ac.a•••-.=.-aa•a•ao 

670.~ 
:6e..5 
l 29. ;, 

• 

.L.S 
1. b 
L:> 

•. 1 

41 

-
51 
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APPARENT RADXUM-226 

... --- ---~--...-----..... ·---... _.,.._, ••. !D .. IHII!l!l!•••••••l!.!i!' .... ••wv•llt!la••~ .... lii!.PIIIt•a•••••-..~.··1~\ 

CONC::ENTRATXON 

PROJECT: HAT 

HOLE NUMBE~: 029 
LOCATION: 87N FLUIC LEVEL: 99.QI Fr. 

PI-lASE: 2 

I NSTJ;Ut1ENT TYFE: COMPULQG 

... 

•• I. 

.. '". 

. -·•.·•. 

I 

I 

,I 

' 

. -· .: . , ;;, 
!~ 

.;c. sc~,- , •.:·_; 
-~.iJ.rt t. r: et. t.t:.' 

···-~=-. 

START DATE: 

DATF DRllLEDt 73E ELEVATTON: 
AliGEk HEIGHT: 

SERIAL NO. 231-""'"' ;;JQ NC.r. I 

::.~ 

.. - -·- • ..1 ·-· .. --

~:- ' .. i.· __ ; 

o1f- L' 1 t •.• • I 1_ 

~: ... ,I'Ll )• .:::c. 
• 0 ;: 1 1 Q , 

-· .• :; ~ '4•l•• 
un~er !.a,., .. ~ 

( ~Ci .-·q 1 
-= ==- _ .... - .. - .·-: ~- :·. -~ .... · ·. ~-=-~~':""=-~=-.:.~-- = .:...·.·~-= -::'!""!:-::. -~ ~~-- -~-2 

£i. l(.j 

. " ::· 
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i • ,) ,. 
' -' .... , 

- -
i , 

~.a- •. .. ~- .:. 
~til. ' 
48 •• 
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, .. 
~ . -· 
I. ; •. · 

:d • L ·-· .. -t 
.-.----7:~ 

t. .... 

; . -~ 
·~l. ,_; 

fit. -~ 
ia.5 ra. ·r:_· 

"-' . (; 
iU.o 
:a.~· 

.... .... -

02.9 

B4aq10 I 
840'121 

4::>32.11 FT. 
u.e IN. I 

1815 

.. 
.:. 
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· ,.,.., • .. ...-z_ .. Jlt 1 

li:P~ARENT 
._ur ~W£:-if'!I~p.:.a.--.7 qu .tl.£LJJ u • ___ .,, .. -.r.•r~u__ .-.% 4 . . =~ .-. :. . . -- .. · -· ...... :-
FtADXUM-226 CONCENTAATl:ON 

£_ ..••• 

029 I L-, P~E'CTa HAT·. START DATE: 848910 

848921 
4334:.0 FT. 

11.0 IN. 
73F. 

SERIAL NO. 

~~-

1
,. .. 
t 
.·., 

-. 

DATE DRILLED: 
ELEVA TIONa 

AUGER HEIGHT: 

231-03 GJO NO.: 1815 

~~ 40 s~ 
- ----. -· _.J__ ___ ...... ___ __:__j_ -·-·- -·- -· - -·· : 

Or ... :"'-

-



PF"<OJECTa 

~E Nli1BER1 
LOCATIOHa 

t='LUID L£\IEL.a 
PHA&Ea 

~XICAN HAT, UTAH 

1138 
87fle... 7788. 8E 
99.11 FT. 
2 

STMT DATEa 

DATE DRILLED• 
ELEYATIDN1 

AUGER lEI afT 1 

848918 

848923 
435'5.8 FT. 
-1:1.11 IN. 

IN&TR~NT TYPE: PRS-1 RASCAL SERIAL. NO. 7~3 &.Jo NO. • c-~728 

F 

APF~RENT RA-22b <pCi/QI 
e 11 a ~~ ~ .. , 

~::rr \---L---- -- __ , _______ _1 _____ ~.__ 

~::Lg 
D.._,th 

J 
e 

I 

~; - ... ... -..~ 

3.0 
-· ... 
4.0 
4. 1 

5-15 ~ "15 rl2a 

Ver SlOn 1. 1 8/N 092· 

. ·; 
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APPARENT RADXUM-226 CONCENTRATION 

PROJECT: HAT START DATE: 840910 
HOLE NUP1&£R: Ql31 DATE DRILLED: 840918 LOCATIONs 87N 82E ELEVATION a 4~7. liJ FT. FLUID LEVEL: 9tt'.IIJ FT. AUGER HEIGHT: 

PHASE: 2 12.0 

INSTRUI"IENT TYPE: COf'tPULDG SERIAL NO. 231-03 SJO NO.: 181~ 

[· 

l 
f. 
.,. . 

- . r --•• C.' 

l.t 
-. I .. p 
... I 
), .. 1 
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\1'tJ ltp;_, -~._ • .:::;: 1.fiJ ,)1 
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PROJECT a 

HOLE NlH'IBER 1 
LOCA.T.IONt 

FLUID LEVEL: 
PHASE a 

I'EXICAN HAT, UTAH 

032 
8688. liN 7988.-
99.8 FT. 
2 

.START DATEI 848918 

DATE DAILL£01 848919 
ELLVATIONa ·4358•6 FT. 

AUGER HEIGHT1 ~31.Qt.IN. 

INSTRUMENT TYPEr PRS-1 RH&CAL SERIAL N04 7S3 GJO NO. I C-3:5725 

.:at 3U 401 

li ~::1···---
4.~ 

~. 7 -- ---

______ ___L ___ _ 

>15-

lh.is .;_,t_c:\ .. ,-:r,.,:-r ~t~..: t:., l.DGCMLL.bAS S/r·~ 0~2 
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I' '" I I ~._.,.PARENT . 
I 
I 

PROJECTs 

-IDLE~~ 
LOCATICINt 

FLUID LEVEL: 
PHASEs 

e_ ~ .4 I sa; a 

PEliCAN .-T, UTAH 

833 
8688 • ., a1•. ae: 
99.e FT. 
2 

START DAT£1 

DATa Mlu.£1h 
Et.EYATtDNJ 

A&liFR KtlliiHTa 

a ...... ....... 
4344.6 FT. -s:z •• IN. 

INSTRlJIIENT TYPE: 

I 
PRS-1 RA6CAL. SERIAL Ntl. 753 &JQ NO. I C-3S7211 

I ·;PPARENT RA-~lo 111Ci/9! 
I 11 21 ll •• 

ID 
a.a 
1.1 

.• C' C.:::J ·s IZ2J 5-15 ~ '"1~ liB ;;.. 1 :'! -·· .. · • ..I ,. 
' . 

I Depth Obso..- v•d «pparent .2-5• 9"1• 
Count' Rate Ra.dh.un-2~6 Unc;ert•1otv 

1-=~!;~·-===z·~==~;~:! ••.. -.=~eS!~!! ...... = ... ==-=~eS!~~~---· 
0.0 ~227.6 S8.5 . 4.~ 
0.5 19~6.o sz.a 9.7 
1.0 454.2 10.1 l.o 

l . .,i ~ d•ta gener· ~ted b·,e LOGCALC. BAS 1/ers1 on 1. 1 ~IN 802 
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• -~ ... :'{·.=:.:· ...... ~. ·- .. ~- ... . .. ~ 

.,.~~~f=l1ENT: RAD"ZUPt~226. CONCII:NTRAT% ON, GI::S4 .... . . . . . .•. 
-.;t .. 
. .: .. -~- . 

~- MDJail. tWr, UTAH 
.. rcL.E ~~ u4 •. 
. · LCCATIONi'·~... ...... 8488.E.· 

•· FLUID l£VEL1 99.e FT. 
-~- . PHASEs 1 

~T n'PEt PRS-1 RMCIIL 

~ 

~PPA~EMT RA-22' CpCl/Jl. ,_. a : 1_11. 
~.I 

! • 
l. 
l.l 
~.7 

211 

<!S-c:J ... ~ CZZJ s-!S ~ .. 
.. 

:. •••.' . 
.· ... ,.:. ·"' .. :--~·,_:_.· .· ... :· 

START DATEa- 848918 . 

DATE DRILWED~- 848918 
EL£YATIONa 4342.6 FT •. 

MJ&ER HEl .. Ta -19.8 IN. 

G.JO NO.a C-3S72S 

3H 488 

'•15 .. ) 15 -

S/N 08Z 

. ··-... , .. .~ .. . ~~-· 
•• ~~ r. 

a 

I. 

I 
I 
.I· 

sae I 
I 
I 
I 
.I 

-I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



~~:=- ------ ~ "~ ........ ~.· ... · .. ...,;c.;..:---··-.J"~·-.-.;-,_~--- .. , ... - .. ~--. --- .. -. :···. -· -.---~- . ...,...?t"''"?:" ,_.,.: -.. .: .. . - . 

• ,. _._ ~~=N- ~AC :UM-2:126 CONCENTRATZDN 

I 
· · ~ECT: ..-T 
~ '. ~ teL£ Nt.Jf'ftiER I ......,.., 

L.:::AT I ON2· 86N 
FLuiD i..EVEL: 9'7.3 FT. 

I ~~ 1 

~T 7YPE: COPFU..OG 
'. 

I 
"" AP~ARENT RA-2~6 ipCiiq~ 

e 111. 

START DATEa 

DATE DRILLED• 
ELEVATIQNa 

AU6EP. HElGHT I 

9ERIAL NO. 231-83 GJO NO.: 

288 3ii 

~10 

841JqtS 
435a.B FT. 

11. a IN. 

1915 

I~ .... 

' 
--~----- ··---L-- --···· --- __ ....i,._ -----. . .. ____ ; 

I• . ··i: 

I 
I 

E , 
l 

·-.~----- .. _.._,. .... 

510 



·: ... ;·:1~~··· • 0: 

.r"' . . ~ 

--~,,_: 

.· ... 

.... ,_ .. ;_ •. · • • .. . ' ,.,.. i' .• 

... PROJECt'a' JIEXICAN HAT, UTAH 

HOLE NUI"'BERa 836 
LOCATION• 9688 ... 

UID LEVEL: ·. 99.11~F-T. 
PHASE:, .. 2:•· . 

STMT DATEa 84891•· 

DATE DRiu.EDa 84ftlS . 
E"L.EYI\TIC»h 434&. 1 FT;. 

AUGER: ~IGHTa "~2.U IN •• _ 
8788.111E 

AP~A~ENT R4-22~ ipC1!q1 

::;·~1 
;. ~- .:·.= 

:; .: •.. ~-~~-=-. 
. -·-~:-~ 

TRlWIENT T"'t'PE: . PRS-1 RASCAL SERIAl. NO. 753 GJO NO.: C-~ 

I 1B 
~--··'~-~s;-.·.· ---~- -------'--------
_!__) 

-··.· .. :· :~·. 41 H ,., · !..; 

.. -- ----.-L----.J· . :1· . a. c·j 
1. •i 
1. o.l_ h 

I J 

. 5 i"-:J 

.. __ !. -

15-

·~~h cg~~~rR:~e R~~~~=~~6 u~~:;~:~nty 
( f t ) ( c ;.} s ) ~ pC i I q ) ( p c J. /g ) 

==••==~=~==~====-=======•=~~===z•e2m•••====•===•~~•=• 
~.0 563.7 6.8 1.4 
0.~ 2aq.s ~.s 1.3 
1.0 151.4 -0.2 1.3 
1.5 116.4 1.::": 1.::. 
;.b .35.3 . ~-~ 1.3 

11r ~ata ~enerated b~ LOGCALC.BAS Version 1. l 

t •. 

:· ........ 

-. ··.·. -
~· .· --,. ¢.~· -~-. 

.:. ,: - . 



{ - a • : • &' ,. r ,,_ • LJft • 

JAPPARENT RAD7UM-226 

I PROJECT: f'EXICAN HAT' UTAK 

CDNCENTRAT%DN 

STM'l DATE& -MM18 

• 

.. - i 

.... :: ".l •. 

1 

I .. ... 
~ I ... 
1 . 

• 
I 
~ 
; 

'~ 
I 
I 
:1 

037 
BS98 ... 
99.a FT. 
2 

8988.11E 
DATE DRILL£Da 848919 

EL£YATION1 4341.7 FT. 
AUGER t-EIGHTa -19 •• IN. 

PRS-1 RASCAL. SERIAL NO. 7S3 &JO NO. 1 C-3S72S 

ll 41 

'5 c::J . .,15-

Ob-rved App~rent ~-S1qm.a 
Count Rate Radlum-22b Uncert~lnty 

tcps, <pCi/Q) i~CliQJ 
..;.::-~.:·=••a:::;.z===-==:.::a==••·-===••::.: ... r.car:.: .~- .;.;.·.:r:.==•••••= 

17~6.~ 31.7 ~-6 
1041.4 ib.5 1.8 
4~~.4 ~-~ l.7 
:66.0 ••L 1.3 
::7.~ 2.4 !.: 
J~;.~ l.~ 1.3 
.t7.~ .• 1 l.b 1.3 
1~7.~ ~-~ 1.3 
138.~ 1.7 1.3 

4~teraled ~, LdGC~LC.&A~ 1. 1 

~ 

-;::._ :~. 

Sf 

..... 

:.· 



I AP~ARE.NT RAD% UM-226 CDNCENTR-'T X OM- •:sa. 

PROJECTa 11EXICAN HAT, UTAH 

1-«JLE Nt...t.EtER: ·~ lr..SB !r.~ 
LOCATIONa Ssee. 0N 

FLUID LEVELl 99.0 FT. 
""'7GI0.0~ 

f PHASE1 2 

t INSTRUMENT TYPE: PRS-1 RASCAL 

t 

I 
ii 
E 

' p 

j .II! 1 
I. 0 : 
4. e j 

- r r:-:I-
1 ·' 
' I 
: L. 
I.: 

. ' .. 

START DATEJ IMMl. 

DATE DRILLED: 84ft19 
ELEVATION:· 4351.5 ~T. 

AUGER t£J6HT: -37. 8 IN. 

G.JO NO. I C-:SS72S 

3i 4a 
_____ j__ ________ t __ -

·-s~ 5-15 ~ '·;5~ ::15-

I 

'·JertH on : • 1 

J 
f 

I 
• 
! 

I 

I .. 

I 
I 
I· 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I, 
I 
I 
I 
I 
I 
I 4 

·I 

APPARENT RADXUM-22. CONCENTRATXON m39 

PROJECT: MEXICAN HAT, UTAH 

HOLE NUMBER: 
LOCATION: 

FLUID LEVEL: 
PHASE: 

039 
8500.0N 
99.0 FT. .... 
~ 

8200.0E 

START DATEa S40910 

DATE DRILLEDa 84a919 
ELEVATIDN1 4343.S FT. 

AUGER HEIGHT: -39.0 IN. 

INSTRUMENT TYF'E1 F'RS-1 RASCAL SERIAL NO. 753 GJO N0.1 C-35725 

~J0 ~~· 511 
t. c:f - ----- . ._!_ ..•. -·-····---·-- ·- __ __J__, •···· . -- _______ L_,__ . ·- ···-·-- ---' 

' 
1. •h 
:. a1 __ 

IJ ••. 
v.l • •. 
i • iJ ·-. . . 
:.:..w:l 

'!"t-·.i. s 

' - ' 15 WZd 

.;L.•.t:.·r vt!'d HJ:.Ip~rern 2-·'::J.gmct 
1<. .. ,.;_ ~<~tP Rtildll..tm .. ·..:-6 Unc::t'u·t.etlnty 

•.q.Jo:: I (pCJ. !Q.' <pC.I. /qJ 
''~~~a~n~~===~~===a=c~.~~=~~==~~~~~~~~=~~ 

:e- 1 L • -/ 
:.:. ·' -~~. / 
~~,~,~·.~).:. ~ 
.:.-+;;::._ • CJ 

~-:,~-. 2l 

~' ·;' "•· I 

65.6 
llt'l2.:7. 
131.6 

4
. ., .... .' 

1~.~ 

... OGi..HL..l.::. ;:.;:;.::-~ 

4.8 
7.6 

t .~ ....... • 
:. 5 
I .• 0 



-~A~PARENT. 
... . PROJECT: 

RADXUM-226 

MEXICAN HAT, UTAH 

HOLE NUMBER& 040 
LOCATION:· S400.0N 7Y~0.0E 

FLUID LEVEL:; 99.0 ~T. 
'PHASE: Z 

CONCENTAAT%0N e4e 

START DATE·a 9489111 

iir':TE DRILLEDt B48919 . 
E'LEYATIONt. 43S8. B FT. 

AUGER HEI6HT1 -49.0 IN. 

···'I 
I 

INSTRUMENT·TVPE: "')RS-1 RASCAL.. SERIAL NO. 753 ' ' 

GJO NO.: C-3:5725 I 
.1· 

l 

. ·;..· •~ :. r·. . 

. ~ r. . 

~) . .;) 
\1~, • :-.1 
L. \i., .. 
J. 

c::-

~.:.-L.~ ·'iJ~. ~~ 
i9 

.J - _j 

• .. 'IJSer" ·· ~u 
L LiLln i• '"'·~ Lt:' 

l ~ill. .. cJ 
467.: 
16'7 •. : 
J 't<: .... 

• J 

,_~ .,) ,n· er. c. 
h ::o.J .i. Uoh 22t~ 
I~Ll . ."IJ.I 

1 i."' .::·, . l 
L • • 

-~- =: ~ Qlll..< 
I Jo'1.:-. -..,- t a1 nt y 

I • '.J 
:. ~ 
: ... 
l • ::: 

.;a 
. ·-- ·---l-- ---l 

I 
I 
I 
I 
I 
I 

I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

.,. ...... ,__....,...,. __________ ,._. ------·,~·1 = a-'?'! - .,.*!!IR lib ..., ..• • 

APPARENT RAD%UM-2:Z6 CONC&:NTRAT%DN e41 

PROJECT: 

HOLE I'IM lf'tBER 1 
LOCATION• 

FLUID LEVELa 
F·HA13Ea 

I"EXICAN HAT, UTAH 

041 
8484!1. eN BUMI. liE 
99.& FT. ... 
~ 

START DAl'Ea 84M111 

DATE DRI LL£1) s 948919 
ELEVATlDNa 4348. 1 FT. 

AUGER HEla-.Ta -Ui.ll IN. 

tNaTRU1'1ENT TYPE: F'RS-1 RASC~I. SERIAL NO. 7~ G.JO NO. : C-35725 

:e 3' "' Sl 
D 
E 

__ __! ______ --·--- --~·~- ____ _.1, _____ ----J .... 

. 
I 

( t T: I 

- C.J >!5-

1-ic..;;.cr .,. i .. :u.HJ.:er 11:-r.t .2-SiQ(I'I• 
i'' ··Lirt t .-~ .... t •..! I• .. ~.d; u·.u -:...:.:> ~nc:er t•i nt y 

(L.P':t' \;JCl ·~; 1 p~~iq1 
::::::. .::;_;.;.·...;.· · :---:-=~-.:~r .-::a.a-~a:"tl~-: • .--.:.-ao.J -:•=~= a:::.c- ; ·-:~-==~ .. -:;.;:=.e••-=-••:.·;.a 

~·3o. 0 
. .:. ·:;(,. ': 
2 ;\3. i 
l t:., ~-j • i 
l ? ;. i' 
~ ~:. _· •• c.;; . 
I ::;.4_ 'il 
;,il4.tiJ 
. ·.ol.J. ; 

t 3. :; 
~.rl . ~ . . -. . 

j • J 

v_i. 4 
~ .. ; 

1.1 

,: ,.. . ....-
"':'- : . 

..• ..t .. • ·. 

.. 

l 
-~ •. 



---~~~--~~------~----------~--------------~ .. :':._.P ': 

PROJECT1 f!EXICAN HAT. UTAH 

NCL£ NUI~IQ. M2 
LOCAT I Qllh 8488 .... 

FUJil) LEV£L1 99.8 FT. 
PHA&Ea 1 

8380. a£ 

START DATE 1 . 84fiJ9 18 

DATE DAIL.L.£Dc 848919 
ELEVATIDNc 4347.4 FT. 

~GER HEIGHT a -31.0 IN. 

~~RUI'ENT TYPE 1 PRS-1 RASCAL SEFclAL NO. 753 GJO NO.: C-35725 

, ... ~ 

,._ . 

I 

I 
~··-

t 
I ~- ... 

RA-2Zo ipC.Ig) 
11 

· .. 

. ' .... 
. · ~ ·-.1 

2 s J f.Ji,!C'. 
tmc.er ta.a. n i: v· 

•pCltq) 
.:' .·.·.:-.-=::::-..;;.;:;:.:,;:.;..:=.~: 

.. ~. 0 
·:._. 8 
4.0 
1 • '-.; 
l. b 
. '• ·. 
i. 4 

i..i. 

_,... . . . .. 

Ji. .•. :i~~~,i.-k';;.;;j~:~<;.:·i;""C!i;:g,~, .·.' ...... 

.. ~ 
.... = ··-----L. ·-.. 

I 
I 
1'. 

sl 
... __ - -- _.J' . 

I 
I 
I. 
I· 
I 
I. 
I 
I 
I 
I 
I 
I 
I 
I 



•• J .2 - • 15 . • ? u 

JAPPARENT RADZUM-226 CDNCENTRATXON 

' - PROJECTs P'IEXICAN HAT, UTAH 

I;~ HOL~a~: e~~ea.-. 
FLUID LEVELa 99.8 Fl. 

. PHASEa 2 

8:588.0£ 

3TART DATE1 

DATE DRILLED1 
ELEYATIONa 

AUGER HEI&HT 1 

848919 
43S2.1 FT. 
-3S.8 IN. r INSTRIJI'IENT TYPEa PRS-1 RASCAl. ~ERIAL NO. 7:53 GJD •ta. I C-3S72& 

·i I· 
~: 
~· .s c::J 

l8 
-~--·---...... 

·~ .. 1 ·s B".·. , 

J 0""<" Obser .,.d "PP<u-ent 2-·Sia"•• I Count hClte Radium-~:£., un~;er'.:.:<l··r.v 

,';15 ... 

i ••~!;.:.-======••=•~!;~!~====,.===~~~!~2~or=::- .. c~- ··:~!. '• -~:.•:.~ 
m.~ 495.4 7.5 1.~ 
e. 5 284. c;- :::. ,· 1 . ·. 

·~ 1.~ 182.3 0. I 1.: 
1 • 5 · 1 o4 • 7 .1 • :: 1 • .:.. 
:.121 113.0 0.9 i .... 
::· • 4 1 30 • 2 1 • 7 ~ • :-. 

j 'This d•t• g•n.,.•ted by LOGCALC. BAS 1.1 

j 

' 
' 
' -~ 
~ 
~' 
-~ 
' . 

SIN 002 

£?¥ .9}4• ., ' .... - .. 

Sl ___ __J 

•.· 

1.:::. 
-... : ·.J. 



I 

l 

APPARENT AADXUM-226 CDNCENTRATXON a44 
• .. 

I 

' I 
I 

PROJEC:ra 

HOLE Nt.JIIf&ER I 
LOCATION1 

FLUID LEVELl 
PHASEs 

flEX ICAN: HAT, UTAH 

044 
9488.1JN fi7811.11E 
99.1! FT. 
2 

STMT DATE1 

DATE DRILLED1 
ELEVATION• 

AUGER HEI~fotTa 

a4a•na:· 
848919 

4359.3-FT. 
-~.8 IN. 

i INSTRUMENT TYPE: PR&-1 RASCAL SERIAL NO. ~3 GJO NO. I C-3S72S 
.I 

1 
~~p~~ENT ~~-2~~ 1pCiig1 

i Ji Zl 31 
a. e~4'-.. -.. -· .. -_':"" .. ·..,._. .. .-: ..... ~--r--..__ _____ -- L ___ - ·-·- ... _ -----l---

a. iLJ L-:-J . 

41 
D 

5- J s m1 . · J. ~ Ez:.l .dS .a 

Deptr-, Obser ·;~d AppArent 2-Sl Clift• 
Count •;.ate Ailcfium-24:o Unced:ain~y 

< ft) <cpei tpCi /g) (p~1/q) 
:w:::c:z2===-.:.; .:;.==• .-_..~n;aa•e:=-:az••••a••=-•••z•==·.:.:...:aa .. -:a.;w;:;;;-.,-:::.=.:;a& 

0.0 ~;17.1 6.1- 1. .. 
0.~ 119.4 1.2 1.4 
~.7 174.3 3.0 l.J 

-"'is dat.a q~neorat~d by LOGCALC. BAS ·~·eor s1 on .i. • 1 S/l-1 002 

.-

Sl 

I 
I 
I 

--~1 

I 
I. 

I 
- ---

1 
I 
I 
·I 
',1 

I 
I 
I 
I 

.·.1 



~~·,:'-F.::: 1 
~ : . 

~. 0-r··· -t.F-· 
1.., -I ~·--! 
_ i It •. a, , L 
~ ~ I I 
-·. II j I L 

I I j 4 • 0 I I .. 
5.e-~ u.J 

..t . I 

~.:.-i2b ~.-·:1·9' - ;a . 
- ··- ·-- ... l._ 

e.: ~,. _j ·. ~ .·Zl 

I 
I 

' <". .:. .• ..J 

·:.. 0 
-··· ' 
.... lli 
4."; 
5. •J 
C' .· 
.J. I 

L~~ 

~ . 
-r • • a 

~~ ,__J . -· -
~.IJ • -· 

4 1 
·4 

.. 
'I ... 

.li;. :J 
4~j. ~1 
•·( . ... _ .. . , 
-· ; . . 

.~; .. ... .. 
' . .;. t ~ 

' --.. -............. __ _ 

5--1~ ~ 

0.t. 
-· iJ. _, 

l . 1 
~-
0. 6 
l "' .~ 
it. 8 
l 
ltl.~ 
l . 13 
0 . ... 
0. 1 

.. -

Ill. <= 
.j 

Ill. 7 
Ill. .. 

I 

~ t:' 
r,). ::. 

"'· ~-
v). ~~ 

~·· " 1£1.6 . 
:LI• ,, 
lil.c .... ,j 

-=· 41: - .l, ________ ..._ t __ _ 

l~ -

.,.._ 
.-~ .. 

.s-. --. 
·. ::.::.,-: 

·-. ·: 

-.~~ ,.. - ..... 
_ _ __,r "-:.z"' 

.; ~ : . . ·;_ :=:. ;.~ 
~tO: • ,.~ ~.'- r.: . 

. -.:_~·~. 
•• ·~· l -. . · . .z·. 

- ~: 
: . ...... 

-:'!. 

.· ·' 

- ·~-~./.;, 
. .. ..... 

---- -•·"L - -~. 



. . . 
APPARENT AAD%UM-226 CONCiiENTRATXDN 

PROJECT a 
HOLE NUmEAa 

LOC:ATIONa 
FLUID LEVELa 

PHASE: 

MEXICAN HAT, UTAH 

IM6 
83ee.IIN 77-.IIE 
99.11 FT. 
2 

. ··. . 

. START· DATE a 848918. ·. 

DATE DRILLED• 848919 
ELEYATIONa 43'S1. 6 FT. 

AUGER HEIGHT: -27 .II IN. 

INSTRUMENT TVPEa PRS-l RASCAL SERIAl.. NO. 7S3 a.!O NO. a c-3~72S 

D 
E 
p 

T 

APPA~E~T RA-24~ 1pCa/g1 
~ 11 

~~. ~~[-l •.-•. ·j= ··- L ___ _ 
;,; _: .··.L 

2. I I _) . . 

3.a I i. . _ .... _L_J 

·. 5 I.:::=J 

Dep•h 

-·. c.. 

This d:ita c;'!:-iol:·• ··' t-:.j Ot L.OGCALC.BAS 

21 31 41 

)1~ -

'Jers~on 1.1 SIN 002 

I 
I 
~--

I 
Sl -··· 
I. 
·I 
I· 

·. 1.,. 

I. 
I 
I 
I· 
I. 

I 
I 
I 
-I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1-
-1 
.I 

I 
I 

P. .. :;s. -
~D%UM-226 CDNCENTAAT%0N 

pROJEcT, MAT STMT DATEa 848918 

-HDL.f~ 847 DATE DRILL£Dt 84"19 
S2N 79E ELEVATION• 435:S.il FT. FLUID L£YEL1 99 •• FT. AUGER HEI6HT1 18.11 IN. 

Plll'SE1 1 

t· '-3TF1..:~~"4T TVPEa CC»FlLOB SERIAL NO. 231-83 GJO NO. I 1815 

_.~P~RENT ;M-i2o 1pCil9i 
.. ;I 11 21 31 u 

l,~ - i) I 
! . J i . E 
~.~~ , 
l.Ji L T 
•· a{_ __..J 

·--~----
<5 c:..:J ~ e2l ·5-15 ~ '15 a& L.:) -

.. 

._- .· 

51 
--- ---. ..I 

--
. .,.. . 
-~-

--



I 

~ .. £ 

APPARENT RAD%UM-226 
-- -.,_. __ , .. - I 

CDNCENTAAT%DN .48 
PROJECT: I'IEXIC:AN HAT, ·uTAH 

HOLE NIJMEERa 048_ 
LOCATIONa .. 818~.-QtN 

FLUID-LEVEL: 99.8 FT. 
PHASEa. 2 

eiaa.aE 
START OATEa 848918 

DATE DRILl..EDt'; 84M19 
ELEYATIONa 4351.6 FT. 

AUGER HEIGHTs· -32 •• IN. 

INSTRUMENT TYPE: PRS-1 RASCAL SERIAL i'IO. 753 G.JO NO.: C-3572& 

I 
I 

, - .. ·.~ 't.- .... 

1-
211 3~ 41 I! 

____ _,..1.._ ___________ l_,___--''-----..a.'-------

>1~-

'·-' ~r !S i r.Jn 1 • 1 S/N la02 

•"'·-··-·~··r:.· 
...... · 

1 
I 
I 
I 
I 
I 
I 
I 
-I 
I 
I 
I. 

I 
I 
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-- ' .. 

APPAf'~ENT RADZUM-226 CDNCENTRATZDN 

PROJECT: 

HOLE NUMBER': 
LOCATIONa 

FLUID LEVEL: 
PHASE a 

MEXICAN HAT, UTAH 

CIJ49 
92CIJe.0N 830CIJ.0E 
9c:».0 FT. 
2 

STAAT DATEa 

DATE DRILLEDa 
ELEVATIONa 

AUGER HE l GHT 1 

848910 

948919 
4354. 9 FT. 
-S6.0 IN. 

INSTRUMENT TYPE: PRS-1 RASCAL SERIAL NO. 133 GJO NO.: C-35725 

c 

AF-t .. ~.d.· ;;.A-226 IPCl/ql 
J 10 :0 31 41 

a .a,.----- F~~~"ff-"ir?<f~2a --- __ .~-__ -------'--- ________ .._;· --
0. 61 ____ .L..:..-~ .•. J 

0..-fo)t.h 

\ t t} 

~:. [ .:.:~- 0 

iJb !Dt:or· v ed 
Count ~·i'l.tP. 

iCP'51 

876. 1 
466.b --.7 i.. 1 

t-1pp-"lr e•"'t 
R•di uon-..2:.:'6 

(pC.:i:ql 

1::;.. 4. 
11..

t' • • :: 

2--51 CJma 
Uncer·t.:\'.•:·, 

(pC-1/J> 

J .• 9 
l. 7 
1. ~ 

f-h1:. d.;;tr. .~,.,..,,.~, ettt"·i t,v i OGCALC.E•MS 



~AD%UM-226 CDNCENTRAT%0N 

PROJECT I 
HOLE NU1'1111ER 1 

LOCATI~ 
FLUI~ LE\IEL.r 

PHASE• 

I£A leAN ttAT, UTAH .. 8288... s:588. liE 
99.11 FT. 
1 

&TART DATEa 
DATE DRILLED& 

ELEVATION: 
AUGER HEIGHT 1 

84.1918 
I '. 

ti48919 
.-.557.4 FT. 
-~.ld HI. 

INSTRI.J!I£NT TYPE• PRS-1 RASCAL SERIAL NO. 7:53 GJO NO.: C-357~5 

. -·-·· 

"•15 ~ .·:..·-

D~tn ~aerved App~rent 2 -·.?.l QITJcil 
Count ~:ate Radiuiu-:i26 lin..:..t->rt~lr.rv 

Ht) <c:pliJ <pCl/Q) ~~tCi,o) 
•••--c:.:::::.-;~.:s:=a•••m•=•=~=oaa5.:wa~.-::=::::=o::::..·-:::.~~==....;,;==::.•a.:.--:r~· 

0.0 1101.4 2B.S 2.5 
e.~ -~16.0 25.~ ~.~ 

<.j•~• generat .. .-; b: LOGCAl.C. BAo \· tfr" !; 1 ..... -. ~ • 1 
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.lltAD Z UM-22• CCJNCENTRAT% DN 8!51 

PNY&CT1· 

.A.£~ 
LOCATION1 

,:'~·-~:R.UID ~: 

fClJCM HAT, UTAH 

est 
~.8N 87Sa.E 
99.-a FT. 
J 

STMT DATEs 84a918 

DATE DRIL.LEih 848919 
ELEYATIONr 43:52.9 FT. 

AUBER t-EIGHTa -42.& lN. 

TVP£1 PRS-1 RAIEA SERIAL NO. 7S3 .GJD NO. 1 C-3~7~5 . 

APPAR£.T RA-22o (pCi/gl 
I. !I 41 

!2Z!!Z?)JI'Zi!:~-11!221~----'--------il.-....-----·· .L. 

21 31 

.•15-

: ~D.pth Obs•rvvd Apparent 2-Sioma 

I . Count R•te ~d1u.-22b Unc~tainty 
~:UtJ. <c:psl <pCi /g) . (pCi lq~ 

~-.w.·· .. -•-•••••-=•a-•••• •••-.-•••-••--••••••-
~.~· S36.o . 13.9 1.o 
'1···~5 -..... 953.2 28.6 2.4 
1 )- .. 1.8 519.1 ·6.4 1 .• 4 
~ \-£.. 5 . 197. 9 1 • ~ 1 • 4 

[
- :s.-v . · 1"·•· ·. :s.e . 1.3 

. ~-~~--.,..;t~ tly ~.liAS U..-•ian 1.1 \!IN 08:1 

··;~~ ,· . .; 

1 ... ·~ .. ..;.... ~ ._.,__ ...,. 
.. ~,.. 

I 
1- .. 
1'
,"- ... 
: ".:. 

'. 

I 
1-·· . . 
i J1.~:- 'j. •.i. 1--· 

·_l 

.!# - .':';· .... , • 
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.- . -.:;.---~~.--- . -:~--Jt ........ _. __ -
. ·:., -~~· -=-·... ---=-·. -

1!111111--~ENT .. AAD~UM- 226' CDNCENTRAT%DN •:s2 

- -·- -~-. -···-·---· ~--

~-1-·. . ..... ··:- ... •t, . . ' •. .., ;.: .. :,i ...... L-.11-.• ~ • .,. .:~":.,~ 

-~ .. ·_: _....,.,ECT. MZICAN HI\T UTAH ~~ . . ·._. -~T= -=-~.,--.-~-798.11E 
FL.UU) LEVEL. a '"'e FT. ·. · 

&TMT DATEt 84Ml. 

MTE- .DRILLED a .. 1Me919 
ELEVA TIONa 4353.2 n.-: 

- ALFDt fEl&HTa -21.• IN.; 

. .•. 

-~-
._. 

-.,· 

•.II. 

PttASE•· 1 -

TVPE1 ~1 R?DCM.. SERIAL NO. 753 G.lO NO. 1 C-:SS72S 

APPAREhT RA-226 (pti/g) 
a 11 ll u 

,---~~~~~~~-- ----------- __ ..__ __ ---,----l... ____ ------

. ' 

.... 

I 
I 
I 
I· 
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I 
:APPARENT RADXUM-226 

I PROJECTa f'EXICAN HAT, UTAH 

HOLE NUP'fBER 1 W-53 

I. LOCATION 1 B841MB. 0N 
FLUID LEVELs 99.&! FT. 

t PHASEa 2 

B1118.BE 

CONCENTRAT%DN 

START DATE 1 848'918 

DATE DRILLED• 8441919 
ELE'JATICJih 4358.7 FT. 

AUGER HEIGHT• -4S. a IN. 

irN~TRUMENT TYPE: PRS-1 RASCAL SERIAL NtJ. 7S3 ·GJo NO. 1 c-3~725 

29 3C •• 5I 
~ r- ·- 1-· .. ~ . ! 11""'·-'-~ 

. --l -----· ___ ...~. ___ . 
__ ..__ ____ _ 

---L~------___J. 

1. ~ i l 

--~---~ 

. 15 ff!iZd 1~ -

I ct: ~- Ob5Prv~n ~PPur~r-c 2-Sl~m~ 
Co.:n.a:-:t ;;·c:ttP Rad1wn-:2~ Uncerta~nty 

tr_:js) (pC.i '9J (pC\ q> 1 ( t t 
. =.a::.~ .• ::.:.:.::.;&"a:-: :.!=••==••-==s.:-:=--==-======:.:•=~-::.all:"~..::.:a:.:z=a• 

•
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' 

.~ I -:! •• ! ·~ 
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I 
I 
I 

I 
I 
I 
I 
I 
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I 

. -- . 
··'" 4 • A ' 4-. -
i. I •• f 
104.9 
1 ::; • 8 

4.:3 
0. ,· 

-a. c. 
l.'t 

1.~ 
L :. 
1.3 
1 • ~-

SIN ee.: 
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'!7~~~~;-~.;;:.- -~v~: --.·~-~- _,· -~~ .,, -~ ~ '• • 
~-~.,~~~ ;;-.Q z u..t-:z:z• .CCNCENTRAT%DN 

. ~-- .· . ''" . . . . 

MEXICiil tMT, UTM-1 START DATEa 848918 

a:s. •• DATE. DRILLEDa 848919 
~TIONa 4357.6 FT. 

AlliER .. l£l&HT1 -23.8 IN. 

SER I M. tCJ. 753 &lO NO. I C-3:5 72S 

... 15- .·l:i-

·x;,-.tJ.· Ob..,.vect Apperen.t. 2-Si am• 
If·~~. Count Rata Radtlae-;..~6 Un~ert&int.y 
~\tft> .#-. <~) · . <pCi/q) 'pC1/q) 

....,..,...---·---------------------~---.\ a. a -~ . 83CJ·.a,. ·. .. 13.9 1.o 
~- · e.-s .. ·. 034.9 aa .. 7. · 1. s 
·;.; a .. a _ ... · · ~,~_s:....:· 3. • 1. 4 '; .. :·~. s · .. ·. ·f :.. 267 .s:~ . . 2. ... l. 3 

._ 2.e · 254 ... 9 . · :·- 3.e. 1. 3 

. !:5 · .•-··· f~:! . ~=~·. t:l 
··.:3.f... . lSt.2·· l.S 1.3 

·. •. 

:.!''·, 

,.: ..... -... -,;· ..... 
j~!_'.-,.. . 
~~~~·-_ .. 

,. ~ .. 
·'. 

·. 

~~ :. ' 
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. ·.~· 

t. 1 
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...... 'J· \, 
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. 4 

CONCENTRATJ:ON 

START DATE: 

7"Na.E 
DATE DRILLED• 

ELEVATION a 
AUGER HEISHT: 

SERIAL NO. 753 

21 ;. Ia 

~--------~---- . 1.-. 

... _ .. -~·· 

--

Obaer".O App•rent 2--Sl.:::une 
Count Rat• ~~dium-22b Unc~r tcunty 

<c:ps> . (J)Ci /q) (pCi /cp 
•••-----•••••ww•••=•••••••--••••==--•••••~-~~-•~=••~ 

--~. a.e ~. 4 · 12. a 1. b 
: : :.e. s. , . "7. B 19. 4 ~. -
·;:_;·:_?, ·•: zeu. e 12. 6 1. ~ .._g·· >~. 3 1 • 2 I • '5 .-.... .;~:~ . 228. s :2. 0 1 • 3 

~ • .2 ~.3 .i.. :; . . : ~ t~•. 1 2. 7 1. 4 
;s. 5 .. , .t44. 9 1 • 7 l . 3 

840910 

848919 
4353.2 r'. 
-23.fa IN. 

4i 
'-..... - ..... l - . 

Ver!iion 1.1 S/N 00:: 

·:'. 

.· .. 
··. ';.•·. 

·.:: 

·f.:: 
~ "'.:-:- ·, 
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.:.. 

';" ._ ... 

. . . ·•· 

. . 

·-· 



• --.•-.:&)£. E .. Q;t -~~ - . - .. - I 

I 
1 

... ; • • • .. _.1 r ; ; ... ~ ' - ... 1 •• - . . - . . ... . ~ .· . 
. ... ,..._ '. - .. 

fAPPARENT AAD%UM-226 CONCENTRAT%DN 
. . 

'·:F'~OJECT: -~XICAN ~T, UTAH 
. ,. --

-HOLE. NUMBER1 e6 
LOC4TIONa. 7800.0N 

t:'LUID LE'JEL: ~.0 FT. 

. ..,-;_ -. . ;. 

811a8.0E 

START DATEa· 848918 

DATE DRILLED• 
ELEVATION: 

~ ";. : 1' 

I . . . PHASE: . 2 

INSTR~MENl TYPE: PRS-1 RASCAL 

AUGER HEIGHT: 

848919' 
4368. J FT. 
-41.8 IN. 

SERIAL NO. 753 BJO NO.: C-3S72S 

I 

I -.., 

1 . 

I pC 11.0, 
10 ~0 li 

------L---- ··------..l._ "\ 12_·•··-· ·""--.._...:...__·-----!.-..... 
" . ., ; I .: : . ...;;~:.:.J 

" . I _.J 
~ • ~" ·i I J 

• 11. 
~ . 0 i. --- . ..L. J 

..... iS ·15 ~ 

l t,: .• -, · .. I·, Observed ~pp~r•nt 2-StQm~ 
C.J~.tnt Rate Rc:o.c1ium-22o Uncert.sinty 

tcps) <pCi/o) (pCi,g> • : t . 

il . •:i 
~ti. :; 
: • ..J 

~~=;==•====~••••••=~=a•••••===~~~-=•••~-~~•••~ 
47o.3 7.1 J.4 - . ... ~ 

.:;.OIU.o 
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~·a. 5 

119. 1 

•.. - .t 
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I 

;lfGJECT a HAT 

871-
~~ 

W.a FT. 
1-

ca.tJLDB 

START DATE• 848918 

MTE DRILLED1 848928 
91£ ELEVATION1 4313.e FT. 

AUGER tEIGHTa 11. a IN. 

SERIAL NO. 231--83 SJO NO.a 1815 

~FP~~£NT ~A-22• (pCJI9l 
• . . 11 21 31 :~ 

~ 

. -f 

i. e=r--4~~~....,.'""""4-!"-....~~.o.o. _______ ..__ _____ · -....L ---- ··-·· · ...1 ---····· 

~. 'i 
~. ~i 
3.1, 
~. ~ ._ ____ __. 

•-. 

CB71 

5w 
·---' 

................. -

- ~-. 



;APPAAENT RAD·%.UM-2:Z6 
--':'.·~·:.o..•y· .,.,:-"'"·· •. ::r.- .~-"':.~~~~ll";."j\111~-.~L ~--$$11('· ~--··-

' ,. • ;> : 

PROJECTz HAT 

HOLE NUMBERa 071 
. LOCA i I ON.a 11113N 

FLU I 0 . LEVEL •·. 99. a F'T •"'•
PHASE~ . 2 

~ INSTRUMENT TYFE: COHPULOG 
• f. l 

CONCKNTRATJ:DN 

START DATEa 848918 

DATE DRILLED1 84e'l28 
81E EL£YATJON1 · 4313.a FT. 

AUGER HE16HTa - . 11.8 IN. 

S£RIAL NO. 231-83 GJO.ND.: 1S1S 

.;;.;:.;..:.;;EN! ;,li-2-':o 
~ 

·~Cligi 

aa :e ll •• 
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OL1s~r- -~ed App.-r·ent. ..;: -:ilgm;a 
Cu1..tn •- f'<"* t.e . Rad i uan-·226 Uncer · [ ai tlt y 

I ·:·I-',:;.: ( pC' ; 9 I ( t~· :-:: l. I '-1, 
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l. ': 
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.74. ~-
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'AADZUM-226 CONc.NTAATXDN e?:z 

PR0ttcT 1 flEX ICAN HA,T, UTN4 START DATEr 8489 Ut 

I
I L.E N.ltBER I 872 

· LOCATIONa 1fl2811.aN 81811.8E 
. FLUID LEYEL: 99 •• FT. 

UATE DRJLLEDa &48t92e 
ELEVATIOW1 431£.~ FT. 

AUGER HEJGHTa -52.11 IN • 
. fiiHASE1 1 

~ TYP£1. PR&-1 RIIIICAL SERIAL NO. 753 G.JO NO. 1 C-35725 

II APPARENT RA-226 (pCiiOI 
.. ..\~- , I l8 I :::Lt· ·· , --"------~-----.........._ __ _ ll •• 
t .. -A~~~- . 

I
. ·' . .., 

:..... ..• 

~~: ~ . Obs.rvea Apparent 2-·5u~ma 
I . · :·· Count R•te R•du.&~w.-22b Uncer·tai nty 

ft;r <cps) <pCi/gi <pClig) 
--------•--•••••••••••••••••••a••=a•c=••••••ccaa•a• 

k.-.. e. . :zoa.h 3.e 1.3 
~""....s··· 13ol~.7 0.4 1.4 I'·IB. 12!.·-4 . 1.4 L.j 

>15 -

-· 
i.i,. · ••t• ·.~erat.ed by L.OGCALC. BA!:t 

I ~· 
v.,...l on 1. 1 

:· .• :.!-•· 1.:, 4-· .. ' 

I. 
I 

• ........ 

I 
I 
I 
I 
I 
I 
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f 

I 

. ~.-- . ... -':"'"'-· ""' ..... s :;::s .w . 

APPARENT RAD7.UM-226 
. .: .-

PROJECTa HAT 

HOLE NUMBERa 873 
LOCATIONs . 100N 

F"~UID LEVEL: -.·.9.8 FT. 
PHASE: 2' · ·: 

81E 

ac;:u &..¢ .. -2£ 

CDNCENTRAT%0N 

START OATE: 8489 Ul 

DATE Dft I LLED 1 8489211t 
ELEVATIONa 4313.a ~i. 

AUGER HEIGHT: 18.0 IN. 

INSTRUMENT TYF'E: COHPULOO SERIHL NO. 231-03 GJIJ NO.a 181~ 

~ ;. ;; ...... L . ~- ;. . ~ : ., : r -~' . q' 

I 

t 

'· .. 
~·. ~ r·· 
.. ".! 
. . ' 
.• ~ j 
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I it • 
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- .. -;·~·- --~~:.... . . :r-:..~ ... -=- --- . =·~:·.·...: .• 

I''· •-
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...... I. 
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.. ;~. l 
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L •.: 
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:.,-j e I 

v .• ' 

31 
..... ___ l _______ -··--- i ...... - .. 
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APPARENT RADXUM-226 

HOL£ N1.Jfi'!&£R 1 07~ 
~OCATION: 1~~~ 81E 

FL..UID LEVEL: '19.0 FT. 
PHASE: ~-

J NSTRUME"NT TyF·E: COMPUI.OG 

;. 

l. i 

. 3 ; 

.. ' 

·~-·~·I ' 
. ,. ~ 

~). ;, ' 

~...). :,; 

I • . 

"· • v:l 

.. 
'!'. 

~-· ~- -:-·. 
. ~ . 

l 
I 

.. 
' 

. -- 'T"" 
-!'". ~-

. ~-· 

. ~ . ; 
_, ! . 

.... ·- .. .-..,. _·. 

,, •f ..• P-: 
i \ - • j ~ I I -1! . , -: · 

·~--- .. ( 

... ~ 
; -~ 

~~- . ., 
" .• l 

CONCENTRATJ:ON 

START DATE: 848910 

DATE DRILLE01 8~09~0 
ELE:VATIDN: 4315.tl !- •• 

AUGER ~EIGHT: lS.a IN. 

GJIJ NO.: ! 81~ 

.... ~ 

- .. · ~ ....... 
• , .. ' ' (j' • 

- .. - ----· ~ ·-~-
CJ. / 

.a.~ 
i.r. IJ 
.J- ~; 
\;,. -. 
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-...... ~ . 

-
-·- ....... 
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J.q()JECf-. .-T 
HOt. E NUP"'EE~: 

LOCAJ IONt 
I FLUiO LEVELa 
~ PHASEr 

I 1 NST"Rt.J1"9E N i r "t"F'E : 

. ., .... 
ftN 88E 

qq.a F"T. 
-~ ... 

C0"1F'UL 06 SEA l t\L loll. 

.... : .. ··- ..... __ _ 
. -........ .. 

J 

=. i i 

.i..l 

..• ~ J 
- . . I =·· .i..,__ J 

,_ ; t 

.d.~ 
~·. 

·--
• . w 
j . .J 

.. .. 
-

-. 'ltJ - .,. 
·'. -· 
"· 0 
4. .. 
':.il! 
c: -~ . . -.;.;,J 
t.. 
7.~ 
7. .... 
8. ... ... 

~ ··- ·. t __ • 

-~ot. .:;~. . ....~ 
;-C·\..•; ~ ~ ;::; _,. ~.:' 

i .:pr.,: 

-·· \1 o, .. .... . .J 

, .. 
:. ··-

:.~. r.; 

- . .., . r.> 
"r ... ·• 

I 
_:.;;; . : 

-' 
4~.6 
::-a. 5 
4-.:.. c.• 
4". I 

.:.&. 2 

•. l ·:. r:_-_ : 

_ ~~pc.;-eo.: 
~ "-v .. ,_ian· .. ..: ~ 

.po::} /Q I 

-0. -0. 
til. 1 

.. ~:!. 7 
e 

vL~ 
1 .0 
0. .,. 

-Iii). 4 
-0.o e. 4 
-0. 4 
0.b 

-0.6 
1.a 
0.1 
0. l 

CONCIENTAATZDN 

STMT DATE& 

MTE DAIL.L£!h 
ELEVATlC*a 

AUGER HEIGHT 1 

~'ll -a:: GJO NO.: 

•. -:.: 1 -.J•'Is 
, !nr cr-t. :o: ll~" 

\UCt -'•:ll 

ld. -= ..J 

~- e. 
i.J • 0 
ld. c ... 
c-• • .... ..J 

It;. ... _, 
0. 0 

~-~ 0 ... o.J 
··. .,. 
"'. tJ a.o 
0.6 
0.o 
0. 6 
0.c 
0. b 0 r.; o..J 

84891a 

848928 
4~llt.a FT. 
21.8 IN. 

l&IS 

-· . 
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j .. ! ~ .. 
~ t 
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·~~ ... ARENT RAD%UM-226 

I PROJECT a HAT 

I Hm.£ NUPt8ER I 
LOCATIONt 

I FLUID LEVEL: 
PHASE a 

075 
99N BlE 

~.it FT. 
2 

ltHaTRl.JIIENT TYPE: 

I 
COMPULD6 SERIAL NO. 

I 
I 
i " e. ~~~-:"":'-'!"'~~~~~or-

" I 1. ! :t. 

I T 

I " I tn) 

I 
I 
I 
I 

I .tpth 

I 

-I 
I 
I 
I 

l .. • 

CDNCENTRATJ:ON CB71S 

START DATEa 948918 

DATE DRILLEDa 848928 
ELEVATIONt 4318.8 FT. 

AUGER HEISHTa e.e IN. 

231-83 SJO N0.1 181S 

;jiJ 

---~-j___ ---- -~------' 
41 ,. 

,-"':· . ., = .... 
j .. 

a - • ~ . . •. 
:. t 
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A.£ ...... , ... .,. : 
UEATIONt ·_ ....... ~.IE 

rUJJD •• ., ••. FT. i ..-.._. 1 

1."\ ... ; 

STMT DATEa 

DATE DIULL£Dt 
ELEVATJONa 

AUSER HE I GHTa 

84e9ta 
848923: 

4328.4 ". 
-12.8 IN. 

.-

~ TYPEa PAS-1 RMCAL SERIAL NO. 7S3 a.JO NO. : C-3S72S 

i. 
, '"' . 
! APPM&IIIT 

3.14 

~-···. \.1-
..__..~----.J 

•·: ...... 

..... &·. 

Rt-226 lpCi.ltt 
11 

I 
21 31 
~---------·_._. __ _ ~~~ 
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'\<15 HZ1 .·15-
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1-
;1 .. 
1·-~ 

I. 

I 
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ilt.·J.; : !1 tib ser- ·1~0:1 .:.:.pp .&I'" et , •- 2- · •;; 1 Qm.:. 
~uunt Rctt~ Rco.dl um·-..:2c- Uncer{al nty 

:tt) <cpsJ <pCL'g> CpCi/gi 
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&-44~ .. 4. . e wuz_:es.:. sa az. 2.2!&. a 

:F~•NT ~Dzu..-:a:z• 
. . . PM1&:1'1 MEXICAN HAT • UTAH 

187 
937 ... 
99.8 FT. 
1 

9849.4£ 

($ 

CDNCENTRAT%DN 

START DATE1 

DATE DRILLED• 
ELEVATION a 

AUaER HEIGHT 1 

848918 

848921 
4388.8 FT. 
-~8.8 IN. 

PRB-1 RASCAL SERIAL NO. 7~3 GJO NO. I C-3572S 

APPI\RENT RA·226 tpCi/t) 
I 111. 211 311 481 , ... 

1CB7 

•• ~-········ - -··- j_ -·· .... ~ 

··- . I. 

' I .~ .. 

t: 3 

•·-·\ 
... 

m~ .... ' . f.· .• 

~:· 7 ' "';· . 

. ,. . .. . ,:. . . , . .•. · .. 
-~~~ ... u. 
~-

-;~12. .... 
'11· 

. . .. 

<5 c::l .. .,z IZ4l 5-l!i ~ "'1~ VJZI .:..t~ -
:·Jepth ·· Obs.,.ved Apparent 2-Sl gmc~ 

Cpunt R•t• Radiue-226 Un~erta1nty 
· (f-t) ·<c:11•> tpCi lg> <pCi lgi 
..a•----m•••••--•uw•--••--••••••--••••••••••••=•a••~• 
. ••• . . . 7372~· 1~.8 9.5 
·a.s US6~? 242.4: 1e. 5 
1...... 1235,. 1 294.4 27.5 
1 •· s- · s21 s .. 1 · oe. ~ 9. : 
Z~ll~ t341.s -l.o 7.2 
~2.~- 40S.o 1.1 2. i 

3.8" . . 288.2 2.~ 1.3 
. 3 • :S · - "\. 1 241 • 9· 2 • 9 1 • 3 
: 4.e.. · ... 1S9•a 1.8 1.4 

., • ~ _-. . . t~.;. 9 . 1 • 8 1 • 3 
::s.as · 180.1 1.!5 1.::: 
5.~ 182.2 1.7 1.3 
~. a ··~ 1 ae. :s 1 • :~ 1 • 3 
a.S 186~7 ~ .• 7 1.3 
7 •• -~. 191 .. 9 1.9· 1 •. 3 
7. S· . l ~. «7. 1. 8 .· 1 • 3 8.e· 1&t.9. t-..7 1..s 

f· a. ~ · · 1 a9. 7 :. , 1 • 4 1 • 3 
~ 9 ••.. · : 122.5 1. 0 1. 4 
. q .. s ~-, 11•• 9 . 1 • s · 1 • 3 
~~·· 157.3 1.1 1.2 e. s, . · 1 ~- 1 1 • 3 1. 2 
t.e. 13a.·• · ra.1 1.2 

--~1.s:- · . - : _:'· .·~: 135..... a. 7 1.~ 
u.a-i·-~~-.- ... ·,- · 1 ~-•· , .. _.· ... e. 9 1 • 2 
12..·5.~ <''~·,- . ~ .. 1S2~.~ .. ~-. . - l._l.r 1. 2 
t~.a .,.<.~ - ... : ·· .::t~_.7.:: .• ··-:.:_,... l.S 1.3 
u..s:·:· -·::..;(... ... · .-... ~::,.13.1-.. .!:...~. · ,;,- "'-6 1 • 2 M•• ~ . A .. • ... ·-.L,s-:-. . 8 .. 1 .. , 1 .. 3 
f .. .. ·.-::.!.--..'lt;::· f". ~· .;;<1- .;_;_~-:· .~: 1.. 1. 2 
....., •• --~~--,---_.:-:..it:t;;1 ~~~-~ .. 
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•rae • ~ ·- 4ft u_ ... ,.. a 

-. I . _ .. 
~PA~EN'T 

I PROJECT. a 

~ NUI8ERt 'I LOCATION• ,. f'LU I a> LEVEL 1 

J .'A.· PHASE: I; QI&TRt'f"tENT TYPE: 

1. 

PEXICAN HAT, UTAH 

188 
.a23.5N 
99.8 FT. 
1 

9882.1E 

CDNCENTRAT:ION 

START DATE: 840910 

DATE DRILLEDa 840923 
ELEYATION: 4315.0 FT . 

AUSER HEIGHT: 11.0 IN. 

PRS-1 RASCAL SER lAL NO. 733 GJO NO.: C-3S72S 

..1:-~ 

.;, / ri 

.. 
108 



.. 
IAPPARENT RAD%UM-226 CDNCENTRAT%DN 

I 

' 
PROJECT: MEXICAN HAT. UTAH START DATEs 8411918 

HOLE NUMBER 1 1119 DATE DRILLED& 84e923 
LOCATION: BB24.BN 97211.:.£ ELEVATION: 4~6.8 FT~ 

FLUID LEVEL: 9~.11 FT. AUGER HEIGHT: 8.11 IN. 
F'HASEt .., 

6. 

INSTRUMENT TYPE: PRS-1 RASCAL SERIAL NO. 753 GJO NC.: c-~729 

. -.... - , .. ... ~ · _,. ~r, • 

~ . ..,-i-·· 
.. ~-;I. 
~. IZ ~ 

~ 

l:; 

Rt1-22o ipC11o. 
ll 

I 

.::.; CJ 

ll 

p;g 

l5 ~ .··1~-

... ~ul ,, Ot.;-.,;o( ·~:.d MP;:.: ,,·en~_ 2-SLoma 
LuL•.i•o.. I .• r... r•,C\dlLt•TI .. ::·~ IJnCe!"·talnty 

. '- ' <-:. p 5 • { pC 1 I q J { pCl ,' g I 
.. - ~--. :. ·- -~=._;.===~-=-===::::..:-:.:.·..:-=-- .:..~.:.. :.==:.=~-===-~ ==•-==.-:=::.::.-.===m=== 

~-~ 2~97.5 21.4 1.5 
~-~ 674.7 ;.s :.6 
l ~ 40~.q 1.7 l.3. 
i . 404 • ~ 3. l .i. • .: 

WI 3'-f~.~·· ~~-~ t.:r. 

-··· 'Jer s i on 1 • 1 

48 

.& . ::·¥.$I -
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.. 1 
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I 

?ROJEC:ra 

HOLE N1JMBER. 
LOCATION1 

Ft..UI.D LEVEL: 
F"HAS£& 

HAT8l 

118 
96N 

99.0 F.T. 
1 

I 
I 

: J)STRUt'fENT ,.,.PE: CiJli9>ULDG 

I ,.. 
'· ~-
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I p 

T 

a. ~=r--~~~~~ 
l.il 

• K 

I ~FTJ 5"' o. 

7 ··~ 
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a.e~ 
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1 : • ". i 
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' 1 ; • J I 

. I J .. 

·-~~;·:;~, •... ,.j 

-"· ~r' t ; · ..:il t t 
· . .::os · 

;.· .. 

START DATE: 84~ 
DATE DRILLE.D: a4092.3 95£ ELEVATION: 4.336. ~ FT. . AUSER HEIGfoF: 2!:..~ IN. 

3£RIAl. NO. 231-03 uJ.o NO.~ 1a15 ·~~-. 
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~~D%UM-226 CONCENTRAT%DN 112 

PAOJECTt 

HOLE Nt..111BER1 
LOCATIDNt 

-t='LUID LEYELI 
. \ -, ' PHASEa . 

e.x-JCAN HAT, UTNf 

112: 
~. 1N 9223. SE 

'"·· FT • 1 

&TART OATEa 

DATE DRILLED• 
El.EW'T I ON a 

AUGER HE 1 GHT: 

841t918 

8441923 
4329.5 FT. a.e IN • 

' .. 
TRlKNT TYP£.1 PRB-1 RASCAL SERIAL NO. 7:i3 GJO NO.a C-35725 

~PPARENT RA-226 1pCi/9l 

• 111 21i :;n 4U 
--------····· . -··-··J-

a.e 
.1 • 

2.1 
2.8 

<5 c:::J ~ IZZl 5-1'5 t:::J . i ~ ~ .. ·15 -
Depth Obser""d Apparent ;:-Sigma 

. . Count Rate R•di um·-226 Unce,·t:a1nty 
- .. (f~) <c:pe> <pCi/g) 1pC1/q) 
-··----=-=c••=:.::•m••••-•••=-•••=•••---=•==:..:-... ::;::::.=::.:-:::c:=.-:.._. ·. 

~-· 18392.4 219.0 6.; ·· "·~ 2a1ee. 3 ~ca. c; 11.:: 
1.m 1cc37.~ 2~c.b ~.9 
1.~ 114.7.3 124.~ 5.2 
2.e B492.S 93.7 ~.7 
2.5 b733.9 71.7 ~.3 
2.6 63~2.7 74.5 2.a 

'../£Or- ~; on .L • ! 

511 _______ _. 



RAD:EUM-226 CONCENTRAT:EON 1 1 :::s 

PFcO.JECTa 

HOLE NUf1BER I 
L.OCATION1 

.... UID L£VEL1 
PHASE a 

P£XICAN HAT, UTAH 

113 . 
. : 83&8. 4N. . 9134. hE 

99.8 FT~:·. 2 . 

, ... 

START DAT£1 84WUa 

DATE DRILLED1 
ELE\.IAT I ON a 

AUBER HEIGHT 1 

NSTRUPIENT TYPE 1 PRS-1 RASCAL SERIAL Nrl. 7~ &JD ND. a c-;:;s72S · 

;.F'~A~ENT lltA-226 (pCii91· 
a 111 Zll 311 

il 
t.J 

... l.d 
~ 

~.I : 

p 
1.11 

I 

4.1 ·.· 
r1 

5.1 
'"Tl o. .. 

7.1 

::"5 c:::J ..... ~ rz:zJ :5;...1~ lml "'1~ - >15 --
Dbe.,.v~ AppArent 2-S19fft• 

~ount ~&~e RAdiua-226 Uncertainty 
't ~ ~cps> (pCi /Q) CpCi /CJ) 
•••c•aa=•m••••--••••••--••••••••--==••--•••••••••• 
~.0 9095.9 · 107.~ 3.5 
~-~ 11oo2.~ 143.8 4.B 
l.WI 13197.~ ... 174.8 7.S 
1.5 11319.2 139.9 ·4.8 
2.0 8347.1 93.0 3.5 
2.~ 6392.7 04.1 3.9 
3.0 6468.4 70.8 2.9 
1.5 7498.0 87.8 3.8 
4.~ 8610.7 97.:S 3.5 
4.5 10484.3 129.3 4.4 
5.0 11371.4. 146.8 5.9 
5.5 9995.4 t19.9 3.9 
6.~ 9301.5 93.7 3.4 
o.~ 7392.9 87.6 3.0 
7.0 ~317.7 71.2 2.~ 
7.5 5771.9 67.8. 2.4 

-
~epth 

, tl s d•ta ger.er~tea by LOGCALC. BAS ver<~ion 1.1 SIN 002 

··.-

....... _. 
..,, . 

. ·~C. •.. ·- . ' ..... -·· ., 

411 

· .. • -. 

....... . ...... ~ ... 
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APPARENT R~OXUM-226 CONCENTRATION 114 

PROJECr: MEXICAN HAT, UTAH 

HOLE NUf'1BER I 
LOCATION: 

FLUID.LEVE.La 
PHASE a 

114 
8241 . .3N 
99.0 FT. 
2 

9894.7E 

START DATE: 

OHTE DRILLED: 
ELEVATIONz 

AUGER HEIGHT: 

84QI911l) 

84&1923 
4329.1 FT. 

fl. Ql IN. 

INSTRUP1ENT TYPEs F·RS- 1 RASCAL SERIAL NO. 753 SJO NO.: C-3~725 

!i 

. 
I 

~~FARENT RA-~26 (p(i/g 
0 i0i 

a.a,
La1 

I 

~·'1 
~-IIJ 

. ·---·· __ [ ~ee 1aa 4~0 
--- _ -·-· _ -L·--··-----· ·--- .. ..L. .. _. - --· ·-·----L-.. 

-. ::. C:J "15 ~ .. 15 .. 

\/er·~, '·"' 1. 1 



., .. 

2 • . , 
·t 
',"' :. 4. . ·. s. 
CI.Tt· 
·,_ .. _: .. 

'· 

.' ... 

I 

AAD:tUM-226 

ICXICAN .-.AT, UTAH 

llS 
~2.4N 11963.6£ 
99.:,a FT. 
1 

CONCi.i'NTRAT :tON 

START DAlEt 840910 

DATE DR•LLEOa 84092~ 
ELEVATION& 433,.9 FT. 

AUGER HEIGHTa -11.0 IN. 

PRS-1 RASCAL SERIAL ....C. 753 GJO NO.: C-.3572S 

APPAREIT ~A-226 tpC1/gJ 
1 111 ~ee :a@ 

,..-..---··. -·- .--1._ _____ .. . .... . ' 

.-!~:-

·, 

I 
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RAD~UM-226 CDNCENTRAT%0N 116 

PMlJECTa t·EX ICAN Ht";T, UTAH E"TART DATEa 8~9111 

HOLE. Nl.Jf18EA 1 116 DATE DRILLEDa 84Qt'-;'~2 
LOCATIONa S....4N 988&.3E ELEVATION: 4336.4 FT. FLUro LEVEL1 99.e FT. AUGER HEIGHT 1 -48.i!l IN. 

PHASE a 1 

INSTRUMENT TYPE a PR&-1 RASCAL SERIAL NO. 753 GJO NO.: C-35725 

0 
E 

APPMRENT RA-22• CDCi/ol 
e . 11 · :e 

~: :r ,

1
::3_,.~-~W..2;z;~z!'a%1Zl*"2*"'t!!i~~~;;;:2z;~~~~2!Z.Oil:i~~~2~*~~~------ L ___ _ 

l.:;_j s 

Deptr-. Ob~erved Appeo,·ent ~ ~lo,J .. :o:: 
Cow.t Rotte R•dium·-~~c un•:.:er·t.,., .;-.,. 1 -'t.'• 1 CIJ;:.1 <pClnl, q:.rCll(,;· 

•••••c ·.:;z:•ca:~::o•E==-==..,;:aa=.;.;~:- ·•=•••= =:. ~~ ::=:=•~e::-:-: ~- ~·-·=~=----~ 
a.0 91~.6 15.3 1.1 
w.~ 412~3 3.3 1.~ 
1.0 :34.4 l.B l ~ 

- l.':i ~.:.:~.2 ~-5 1.4 
1.~ 11b.3 1.5 !._ 

s c!:.t ~ ':l~'''-='' .at.ed bt LuC.LALC. &AS 'v~r ·::i or, 1. J 

.... i _____ ··- ....... _ ··--·-' 



APPARENT AAD%UM-2~6 CDNCENTRAT%0N 117 

PROJECTs ~XICAN HAT, UTAH 

~LE NUMBER: 
LOCATION: 

FLUID LEVEL: 
F'HASE: 

117 
9734. 3N 
99.0 FT. 
2 

9096.6£ 

START DATEa 

DATE DRILLED& 
ELEVATUlNI 

AU&ER HE I&HT 1 

Me918. 

848922 
4334.:5 FT. 
-S4.8 IN. 

i INSTRUMENT TYF'E: PRS-1 RASCAL CX:R I AL NO. 7S3 GJO NO. I C-35726 

I 
-. .... 

i 

t • 

. ~F~A~ENT R~-2~b CpC1;91 
~ 1 a ~e ~~ 

iJ. ~ j: . _k~ ... · ..... , .· .. : :-·><·>·J . 
0 • C .L. : . L_.J . 

-····-----~ 
____ _,L ______ _ 

5 c~: ::.-15-

i)F.-p' :·, 'Jbser· .,eiJ Appt~r· ent 2 · S1 Qlf•C:. 

Count R~te R•dium-~~~ Uncerta1nt~ 
~ •.t-l1 (C.ps.l \pCi;•-11 \f.)Ll/gi 
I -~-~~==L~~====;=•••=====~=&aa~=~~~w~~=~~~===~~~~·=~=a 

I 

I 

I 
1 • 
I 

• 

t 

j 

I 
J 
l , 

631.2 
!32.7 
128.6 

Hll. • 
-1. I 

1. 7 

L5 
1. 0 
1.."'; 

.tP.r ,:,owl• 1.1 
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·-··-·-.·---~,·- -------

I APPARENT RADXUM-226 CONCENTPIAT'ZDN 

I 
I 
I 

' 

I 
I 

I 
i 

I 

PROJECT a 

HOLE NUf1BER1 
LOCATION: 

=-LUID LEVEL: 
PHASE: 

!"':EX ICAN HAT, UTAH 

118 
8851.BN 
99.0 FT. 
2 

8979.5£ 

START DATEa iMfi18 

DATE DR I lJ.ED1 948921 
ELEVATION• 4338.4 n. 

AUGER HEIGHT: -53.8 IN. 

INSTRUMENT TYPE: PRS-1 RASCAL SERIAL NO. 753 GJO NO. r C-3S72S 

'P~ARENT R~-226 lpCiig~ 
a 1m 3l' ... 

..••. 1 ··,. - . .. ).- ~ 
c;" l .. ~~ ............ · .. "'· ..... · .. · .. •......... . ' 

l . ; ~ ; . 1::-;-j 

·--·------ ....1 ___ _ 

-;; · 1 5 F..:.; -
ij~~· ~: • I Ot.:o SE-r v ~d O:,pp c1r e., L 

~ount Rate ~~dlum-~:~ 
\tt_, (<:pSJ (pL.i/Qi 

I ~-=~:0 "'" = '"~~= .. ·==:a9~;====-====""77~7==- ~--~ · ... 
0.~ 247.a 1.~ 

~ .'j I (.111te1 

•-···~et l...:..1nt:y 
'Pl-ltQJ 

l. ::. ..., 
l o I 

1 
0. ,, 2so. -:. ~. : 

I 
' ' 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

·i ~ 

I • :, 

·~' "'.i Ut' I • i 000: 

11. 

51 



••• a 

RADJ:UM-22• CONCENTAAT:IDN 

~CTa MEIICM HAT, UTAH SrART DATE& 8~8910 

41£ Nl.JIRRa 119 
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-. 4.UID '.EYEL.a 99.11 FT. 
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DATE DRIL~D1 8481921 
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AUGER HEIGHTa -31.8 IN. 
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I APPARENT RAD%UM-226 CONCENTAATXDN 
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~APPARENT RADXUM-226 CONC:ENTRATJ:DN 
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APPARENT RADXUM-226 CONCENT~AT%0N 124 

F•ROJECTa MEXICAN ~T, i.JTAH 

HOLE NUMBERa 124 
LOCATION: 9960.0N 9246.4E 

FLUID LeVEL: 99.0 FT. 
PHASE: 3 

START DATEs 848918 

DATE DRILLED 1 848923 
ELEVATIONt 4313.7 FT. 

AUGER HEIGHT a -34.8 IN. 

I NSTii:LIMENT TYPE: F·RS-1 RASCAL SERIAL NO. 753 SJO NO. a C-3S.72S 

,_. ~·PAr\EN T P(:,-~'~ ipCi/91 a 108 a a 311 Ul 
l.i. 

~ 

. :.J 
~ 

~.e 

:.~ 

!' . ~ 
6.0 
!.~ 

• C' c:J "·~ IZZl :r . ·· . fS3 '·t5 r;~ ·15 .. • . ...J .J 

''':'f= Ui:J!:Jl:'r\~~ HJ:.t-·:.rt:!r,t 2-S.liJITiil 
Count h-ate Rad:;.,_,.n-246 Unc.er·(aint:v 

( f I I (cps) \ ~)\- l ! IJ .' ( pC l i g I 

Nsar~~· -~~==~=====~=za====~===~~~~·~~=a~-==~c~~===~=~ 
.J. ~·· 192.7'2. 4 3"57 .. 3 ~4 .. b 0 .. ~. 17373.4 ~,.., -

.~-..:..~ ·~•..:,. I . ·-· l .Ia 14881.3 2 -~~. ~ 21 .,. . ·-· . .. 
9880.:.:: lo: b .& ~-" 

.. 
,;,:: • ld 561'1 1 ( .. ·~ ' 

:i6 •. :. ""·• c ~ 

65:~6.;: ::1 4 'll. (,;;, I 
• lti 6072.8 a:~. -· ; ~. 0 - '" 6586.'7 1 1 . z ~- ! ) ·. ,,. 

7461.:...:: lcS.o 14. i 
-. W:.l .. ...,. 

4772. 1 f,.3. ~ ···' 
'-• . .1. 

. •• .... 
2::77.4 --..... 4.b '• ~· 

.;,;,.~. 4 
~. ::'• 1970 • .2 .... ..:._. J. 4:.8 .' 

1 i.07 • 1 29.8 '2.~ 
• J. "·' . c.-

147'3 • .4 15.8 ..::.9 t'). ·. J 

• t(i 19Hl. 9 45.4 11.:.:: 7 
~249. l 5(.9 5. -.-: 

i ~.l oi ! =- r: il Q4tn~atltd by LOf:;CALl.. [1AS . Vf~r·st or. 1 • 1 3iN 00:' 

.. ..:.,. . 
. .... ·~. 

, .. 
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PROJECT& 

'G.E NUPGERa 
LOCA"fiONa 
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PHASE a 
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START DATEa 848918 
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I APPARENT 

PROJECT.: 

RADXUM-226 

HOLE Nt.JI'tBER I 
LOCATION: 

FLUID LEVEL: 
PHASE: 

INSTRUMENT TYPE::: 
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I £1\i~~NT -~Enutot-:z:z• CoNc:iENTIItAT :r; ON us .... 

I : _::·.. ~ECTI liDICM HAT. UTIIH STMT DATE• 11411918 

I ~ ........... 1:54 DATE DRILLED• 848'922 

I . . UEATIONa 18189.2N 111339. 7E ELEYATIONa 4282.8 r:T. 
~-~ I'-I.MI8 ~~ 99.8 FT.. AUGER HEIGHTa -23.8 IN. 

r> ;~ • PHA&Ea 1 

. ~T TYPE1 PRS-1 RASCAL SERIAL NO. n53 SJO NO.1 C-~725 I. 
APPARENT RM•226 Cpt&/f) 
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...... &UM-226 CDNCENTRAT%DN 

PROJECT a . PEl I CAN HI\T, UTAH START DAT£1 

DATE DRILLED1 
ELEVATION• 

AUGER HEIGHT a 

848910 

IJ48q22 
4287.~ FT. 
-S2.0 IN. 

APPAR£JfT .. 
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liS 
1815'1.3N tiM78.1E 
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APPARENT RADXUM-226 CONCENTRATION 1S• 

P~GJECT: MEXICAN HAT. UTAH 

HOLE NUMBER: 
LOCATION: 

FLUID i..EVE:L: 
PHASE: 

1~6 
10262.8N 
9r;'.0 FT . 
2 

10614.2E 

STAkT DATE: 840910 

DATE DRILLEDa 840922 
ELEVATIONa 4208.0 FT. 

AUGER H~IGHT1 -36.0 IN. 

INSTRUMENT TYPE: PRS-1 RASCAL SERIAL NO. 753 GJO NO.a C-35725 
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PROJECT: 

HDL£ NUMBER•· 
LOCATIONa 

FLUID L£VEL: 
PHASE a 

HAT 

1~ 
. 1a3N 

99.8 FT. 
2 

INSTRUMENT TYPEa COHPULOG 

D 
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T 
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a. a 
1.1 
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~PPAQENT ~A-22~ lpCiiql 
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START DAT£~_ -~~·,:,;~~::·~~::·-·· ·, 
DATE' DRILLED•- B4a922·.. ··. 
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AADXUM-226 CDNCENTRAT%0N 

I PROJECT& PEIICA~ HAT' liT'AH 

•CL£ NUPmERI lSI 
LOCATION• 18446... 11862. 5i 

START DATE; 

DATE DfULLED1 
EL£\IATIONa 

AUSER HEI8HT1 

&4Qt«i11i!S 

848922 
4257.3 FT. 
-11.B IN. I ·~. ~~D ~~~: r·· "· 

peTMIENT TYPE 1 f'n'1-l RASCAL SERIAL NO. 753 GJO NO.a C-35725 

1';·, 

I 
A 

l'i 
I P 
. T 

I H 

I 

I. I ;-;g 
l.i 
2.i 
3. ~ l .• 
4,1 ...1 

......__~ .J 

28 31 
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APPARENT RA·D Z UM.;_226 CO"~C:F-NTRAT Z ON 

PROJECT a 

HOLE NUMBER: 
LOCATION: 

FLUIO·LEVEL:: 
PHASE: 

HAT 
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IPPARENT RADXUM-226 CDNCENTRATXDN 

~ROJECT: MEXICAN HAr, UTAH 

I ..,uLE NUMBER 1 1 00 
LOCATIONs UUIII7. 4N 11416. 3E 

FLU!~ LEVEL: 99.0 Fl. 
PHASE: 2 

START DATEt P41191a 

DATE DR lu.£01 84e922 
ELEYATIDN1 4230.8 FT. 

AUGER I-EIGHT a -28.8 IN. 

IJTRUMENT rvPE: PRS-1 RASCAL SERIAL NO. 7S3 G.JO NO. I C-3~72S 
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AF'PARENT RAD%UM·-:226 

PROJE.f"T: HAT 

Hut.£ NUME!ER: 16: 
i..OCAT tClNa lli!I1N Fl.UJD LEVEL: 9~. ld F-:-. 

PHASE: .., 

INS-:"RUMENT TYPE: COMF·ULOG 
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CONCENTRAT%DN 

START DATE:: 

DATE: DR J LLEih 
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1'1KII..-.... AR&:NT RAD% Ut-\-226 CONCENTFtAT% ON 1 6::S 

t 
~· . ., 
T 
H 

JIAOJECTa 

.a.£~ 
LOCATICJN1 

FLUID LEVELl 
pt lABEl 

f£XICAN HAT, UTAM 

163 
9818.1N 11532.8£ 
99.8 FT. 
1 

START DATE: 84891a 

DATE DRILLEDa 840924 
ELEVATION• •245.8 FT. 

AU&ER HEIGHT& 0. 0 IN. 

PRS-1 RASCAL SER 1Al. NO. 7S~ GJO NO.1 C-357~5 

APPARlNT RA-226 lpCi/g; 
I 111 ill ~12 .tl~ 

••• . -· .. 

1.1 
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R~DZUM-226 CDNCENTRATZDN 

PACUEcl"t ltEXICAN HAT, UTAH 

HQLE ......... 164 
· LOCATIONa 9697... 1lol3.&E 

.. · FLUID LEV!La 99.8 FT. 
~~~ ~. 1 

START ~TEa 

DATE DR ILLED1 
ELEVA TIONa 

AU&ER HEIGHT: 

848918 

B4e'1'22 
4272.7 FT. 
-31.8 IN. 

I~ TYPE1 PR&-1 RASCAL SERtAL. NO. ~ GJO NO.: C-35725 
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APPARENT RADJ:UM-226 CONCENTAAT%0N 

PROJECT: 

HOLE NUMBER 1 
LOCATION: 

FLUID L:VELa 
F'HASE: 

MEXICAN HAT, UTAH 

loS 
9~37.oN llool.qE 
99.0 FT. 

START DATEa 84891a 

DATE DRILLED 1 848922 
ELEVATIONt 4271.8 FT. 

AUGER HEIGHT a -44. e IN. 2 

INSTRUMENT TYPE: PRS-1 RASCAL SERIAL NO. 753 aJo NO. • c-~729 
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; : HOLE~~ 
r ' • LOCATlONt 
I ·-f. ~UID LEVEL& 

~~~~ PHASEI 

. ·· ~TRLI1ENT T VPE: 

PROJECTs HAT81 

166 
9lN 114£ 

99.8 FT. 
1 

~OG SERIAL NO. 

.t_ .,._._,_ .. ___ ,_.._.. ___ _ 
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STAAT flATE~ 840?00 

DATE DF\lLLE.:Ds 84~~:, 
Ei..EVATIONs 410". 0 rr. 
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11.8 11.1 . 22.1 28.8. 31.8 36.8 

6.9 6.1 19.8 24.1 25.8 

16.9 19.5 14.1 . 

8.8 13.8 14.2 

9.1 
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IIEPTH MOVE PHYSICAL INTERFACE MM 15 pCi/g INTERFACE TOTAL PILE 
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37.5 - .W.I 531 776 4tl65 714 98tll9 52 

' - 42.5 I I I I 98.119 15 
4:l.5 - 45.1 I I I I 98tll9 15 
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NOTICE OF LIMITED DISTRIBUTION 

THIS DRAFT DOCUMENT IS PART OF THE DELIBERATIVE PROCESS OF THE U.S. 

DEPARTMENT OF ENERGY (DOE) IN ITS DECISION-MAKING FUNCTION UNDER 

THE URANIUM MILL TAILINGS RADIATION CONTROL ACT OF 1978, THE 

NATIONAL ENVIRONMENTAL POLICY ACT, AND OTHER APPLICABLE LAW. IT IS 

PROVIDED TO THE RECIPIENT PARTICIPATING FEDERAL OR STATE AGENCY OR 

INDIAN TRIBE WITH THE EXPRESS UNDERSTANDING THAT IT IS ONLY TO BE 

USED FOR THE PURPOSE OF PROVIDING THE DOE WITH INPUT TO SUCH 

DECISION-MAKING PROCESS. THE RECIPIENT PARTICIPATING FEDERAL OR 

STATE AGENCY EXPRESSLY AGREES TO LIMIT DISTRIBUTION OF THIS 

DOCUMENT TO THOSE EMPLOYEES WHO WILL PROVIDE INPUT TO THE DOE • 

01705/WPSl 
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UMTRA PROJECT 

SUBCONTRACT DOCUMENTS HAT-MON 

MEXICAN HAT. UTAH AND MONUMENT VALLEY. ARIZONA 

TABLE OF CONTENTS 

BIDDING REQUIREMENTS 

Section 00310, Rev. [1]* - Bid Schedule 

TERMS AND CONDITIONS 

Section 008 oo ,. Rev. [ 1] * - Special Conditions 

SPECIFICATIONS 

DIVISION 1 - GENERAL REQUIREMENTS 

Section 01010, 
01019, 
01025, 
01052, 
01300, 
01500, 
01560, 
01561, 

Rev. 
Rev. 
Rev. 
Rev. 
Rev. 
Rev. 
Rev. 
Rev. 

DIVISION 2 - SITEWORK 

Section 02050, 
02110, 
02141, 
02200, 
02228, 
02278, 
02935, 

* P.I.D. 09-S-15 

Rev. 
Rev. 
Rev. 
Rev. 
Rev. 
Rev. 
Rev. 
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[1]* 

0 
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[1]* 
[1]* 
[1]* 
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[1]* 
0 
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[1]* 
[1]* 
[1]* 

0 

- Summary of Work 
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- Measurement and Payment 
- Layout of Work and Surveys 
- Submittals 
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- Temporary Controls 
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SUBCONTRACT DRAWINGS 

Drawing No. 

General 

H/M-GE-10-0201, Rev. 0 

H/M-GE-10-0202, Rev. [1]* 

H/M-GE-10-0203, Rev. 0 

H/M-GE-10-0204, Rev. [1]* 

H/M-GE-10-0205, Rev. 0 

Mexican Hat 

H/M-DS-10-0210, Rev. 0 

H/M-DS-10-0211, Rev. 0 

H/M-DS-10-0212, Rev. 0 

H/M-DS-10-0213, Rev. 0 

H/M-DS-10-0214, Rev. 0 

H/M-DS-10-0215, Rev. [1]* 

H/M-DS-10-0216, Rev. [1]* 

H/M-DS~10-0217, Rev. [1]* 

H/M-DS-10-0218, Rev. 0 

H/M-DS-10-0219, Rev. 0 

* P.I.D. 09-S-15 

Title 

Title Sheet 

Vicinity Maps, Location Map and 
List of Drawings 

Haul Road Corridor and Borrow 
Area Locations 

Riprap Borrow Areas 

Radon Barrier Material Borrow 
Areas and Gypsum Wash Crossing 

HAT - Site Plan 

HAT Contaminated Material 
Excavation Plan 

Tailings Embankment Plan 

Tailings Embankment Plan and 
Ditch Sections and Details 

HAT - Final Site Grading Plan 

Tailings Embankment Sections and 
Details (Sheet 1 of 2) 

Tailings Embankment sections and 
Details (Sheet 2 of 2) 

HAT - Site Drainage Sections and 
Details (Sheet 1 of 2) 

HAT - Site Drainage Sections and 
Details (Sheet 2 of 2) 

HAT - Erosion Protection Plan 
and Sections 

Document No. 3885-HM-S-01-02234-04 
Issued for Construction-Revision 1 
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SUBCONTRACT DRAWINGS (cont'd.) 

Drawing No. 

H/M-DS-10-0220, Rev. 0 

H/M-DS-10-0221, Rev. 0 

Monument Valley 

H/M-PS-10-0230, Rev. 0 

H/M-PS-10-0231, Rev. 0 

H/M-PS-10-0232, Rev. 0 

H/M-PS-10-0233, Rev. 0 

H/M-PS-10-0234, Rev. 0 

H/M-PS-10-0235, Rev. 0 

H/M-PS-10-0236, Rev. 0 

Title 

HAT - Gully Details 

HAT - Boring Location Plan 

MON - Site Plan 

MON - Construction Facilities 
and Site Drainage 

MON Contaminated Material 
Excavation Plan (Sheet 1 of 2) 

MON Contaminated Material 
Excavation Plan (Sheet 2 of 2) 

MON - Final Site Grading and 
Drainage (Sheet 1 of 2) 

-
MON - Final Site Grading and 
Drainage (Sheet 2 of 2) 

MON - Borings, Test Pits and 
Monitoring Wells Location Plan 

END OF TABLE OF CONTENTS 
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SECTION 00310 

BID SCHEDULE 

Name of Bidder Date: 

Following are the prices bid for completion of the Work as required by the 
Subcontract Documents: 

Item Spec. 
No. Section Description* 

Unit Estimated Unit Amount 
Quantity Price 

000 - MOBILIZATION 

(OOlH 01019 

OOlM 01019 

002H 01019 

002M 01019 

003H 01019 

003M 01019 

004H 01019 

004M 01019 

005 00800 

Phase I Mobilization -
HAT L.S. 

Phase I Mobilization -
MON 1L.S. 

Phase II Mobilization - L.S. 
HAT 

Phase II Mobilization -
MON L.S. 

Phase III Mobilization -
HAT L.S. 

Phase III Mobilization -
MON L.S. 

Demobilization - HAT L.S. 

Demobilization - MON L.S. 

Payment for Bond Premium L.S. 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

200 - SITE PREPARATION 

[201H 01500 

201M 01500 

202 01500 

Temporary Offices - HAT L.S. 

Temporary Offices - MON L.S. 

Temporary Roads includ
ing Monument Valley 
Bypass Road and Parking 
Areas L.S. 

100% 

100% 

100% 

** P.I.D. 09-S-15 

HAT-MON 

Document No. 3885-HM-S-01-02235-04 
Issued for Construction-Revision 1 

Bid Schedule 
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N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

___ ]** 

___ ]** 

01715/WPSl 
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Item Spec. Unit Estimated Unit Amount 
No . Section Description* Quantity Price • (203H 01500 Temporary Sanitary 

Facilities - HAT L.S. 100% N/A 

203M 01500 Temporary Sanitary 
Facilities - MON L.S. 100% N/A 

204H 01500 Temporary Electric 
Power - HAT L.S. 100% N/A 

204M 01500 Temporary Electric 
Power - MON L.S. 100% N/A 

205H 01500 Temporary Water -HAT L.S. 100% N/A 

205M 01500 Temporary Water - MON L.S. 100% N/A 

206H 01500 Decontamination System -
HAT L.S. 100% N/A 

206M 01500 Decontamination System -
MON L.S. 100% N/A 

207H 01500 Janitorial Services -
HAT Month 30 

• 207M 01500 Janitorial Services -
MON Month 30 ]** 

208 01500 Gypsum Wash Crossing L.S. 100% N/A 

209 02050 Demolition and Disposal 
of Structures L.S. 100% N/A 

210 02050 (Removal and Disposal 
of Rubble and Ore in 
Embankment]** L.S. 100% N/A 

(Text Deleted)** 

400 - TAILINGS PILE 

401 02200 Placement in the Tail-
ings Embankment of all 
Contaminated and Other 
Materials Including 
Demolished Materials, 
Debris, Rubble and 
Vicinity Property 
Materials C.Y. 1,096,000 

** P.I.D • 09-S-15 

• ( 

Document No. 3885-HM-S-01-02235-04 
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Item Spec. Unit Estimated Unit Amount 
No . Section Description* Quantity Price • 402 02200 Fine Grading of Exist-

ing Side Slopes of the 
Tailings Embankment Acre 12 

403 02200 Cleanup of Rock Surfaces 
at the Mexican Hat and 
Monument Valley Sites Acre 74 

404 02200 Furnish and Install New 
Displacement Monuments Each 3 

500 - COVER 

501 02228 Furnish and Place Radon 
Barrier Material C.Y. 224,800 

502 02228 Furnish Bentonite Ton 33,600 

600 - EROSION PROTECTION 

601 02278 Furnish and Place 
Riprap Material, Type A C.Y . 47,000 

• 602 02278 Furnish and .Place 
Riprap Material, Type B C.Y. 50,500 

603 02278 Furnish and Place 
Riprap Material, Type c C.Y. 12,000 

604 02278 Furnish and Place 
Bedding Material C.Y. 60,600 

800 - SITE RESTORATION 

801 02200 Rock Excavation for 
Finish Grading of the 
Mexican Hat Site Includ-
ing Ditches and Gullies 
and Grinding or Planing 
of Rock Adjacent to the 
North Ditch C.Y. 4,700 

802 02200 Uncontaminated Material 
Fill for Finish Grading 
of the Mexican Hat and 
Monument Valley Sites C.Y. 53,500 

• Document No. 3885-HM-S-01-02235-04 
Issued for Construction-Revision 1 
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Item Spec. Unit Estimated Unit Amount 
No . Section Descrii:!tion* Quantity Price 

803 02200 Rockfill Selected by 
Contractor for Finish 
Grading of Mexican Hat 
Site C.Y. 1,500 

804 02935 Seeding of Final Grades Acre 43 

[PART B - VICINITY PROPERTY MH-024 

1.0 Machine Excavation C.Y. 433 

1.1 Hand Excavation C.Y. 20 

3.0 Safety Barricades, 
Netting L.S. 1 

24.1 Temporary Access Road 
Mobilization L.S. 1 

24.2 Temporary Access Road 
Demobilization L.S. 1 

(Part B - Applicable Technical Specifications: 

Section 02110 - Clearing and Grubbing, Revision 0 
Section 02130 - Contaminated Material Removal, Revision 0 
Section 02200 - Excavation and Backfill, Revision 0 
Section 02480 -Landscaping, Revision 0)]** 

TOTAL SUBCONTRACT PRICE $ ____ _ 

* For complete description of a Bid Item and measurement and payment 
provisions, see Part 4 of the Specification Section cited. 

** P.I.D. 09-S-15 

HAT-MON 

END OF SECTION 00310 
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ARTICLE 

SC-1 

SC-2 

SC-3 

SC-4 

SC-5 

SC-6 

SC-7 

se-a 
SC-9 

SC-10 

SC-11 

SC-12 

SC-13 

SC-14 

SC-15 

SC-16 

SC-17 

SC-18 

SC-19 

SC-20 

SC-21 

SC-22 

[SC-23 

TITLE 

DEFINITIONS 

HOLIDAYS 

SECTION 00800 

SPECIAL CONDITIONS 

TABLE OF CONTENTS 

CONSTRUCTION RESTRAINTS 

SITE LOCATION AND ACCESS 

COORDINATION OF WORK 

CONSTRUCTION FACILITIES AND TEMPORARY CONTROLS 

CONSTRUCTION ENVIRONMENT, SAFETY AND HEALTH 

HEALTH PHYSICS 

SUBMITTALS 

QUALITY ASSURANCE 

PERMITS 

SUBCONTRACTOR LABOR AND EQUIPMENT RATES 

SUBCONTRACT CHANGE NOTICE PROPOSAL 

VARIATIONS IN QUANTITIES 

LAWS AND REGULATIONS 

REMEDIAL ACTIONS ON LANDS OF INDIAN TRIBES 

FUNDING LIMITATIONS 

CERTIFIED PAYROLLS 

SUBCONTRACTOR'S LIABILITY 

MEASUREMENT AND PAYMENT 

WORK HOURS 

CONTAMINATED MATERIALS HAUL INSURANCE REQUIREMENTS 

BULLETIN BOARDS]* 

* P.I.D. 09-S-15 

HAT-MON 

Document No. 3885-HM-S-01-02236-04 
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SC-1 DEFINITIONS 

A. Wherever used in the Subcontract Documents the following 
terms have the meanings indicated which are applicable to 
both the singular and plural thereof: 

HAT-MON 

1. Access Control Area - Access control area shall include 
the areas occupied by and in the immediate vicinity of 
the access gates and including, but not limited to, 
Contractor 1 sand Subcontractor 1 s office trailers, access 
control trailer, sanitary facilities, decontamination 
pad and its contaminated water collection sump, 
equipment and materials laydown and storage area, 
employee and service vehicle parking area, roadway 
connecting vehicular gate to decontamination pad. 

2. Addenda - Written andjor graphic instruments issued. 
prior to opening of Bids which clarify, correct or 
change the bidding documents. 

3. ALARA - The designation 1 ALARA 1 is an acronym for "as 
low as reasonably achievable". 

4. Bid - The offer or proposal of the bidder submitted on 
the prescribed form setting forth the prices for the 
Work to be performed. 

5. Bonds - Bid, performance and payment bonds . 

6. Construction Facilities - Construction facilities shall 
include temporary facilities required during 
construction phase of the permanent facilities. These 
facilities are specified in Section 01500. 

7. Contaminated Materials - Tailings and other materials 
having radioactive contamination levels greater than 
specified in the applicable US Environmental Protection 
Agency Standards, or limits specified for free release 
of demolished materials and debris. Contamination 
levels, which may be based on radium, thorium or other 
radionuclides, shall be as determined by the Contractor. 
These standards are presented in the Federal Register, 
48FR602, January 5, 1983: "Standards for Remedial 
Actions at Inactive Uranium Processing Sites" and for 
demolished materials and debris, in applicable limits 
available from the Contractor. 

8. Controlled Area - Areas of elevated gamma, surface 
contamination andjor airborne radionuclide levels. 
These areas are generally radiologically posted and 
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require restricted access, some may have localized 
restrictions; as determined by the Contractor . 

9. Day - Day shall mean a calendar day of 24 hours. 

10. Fiscal Year - October 1 through September 30. 

11. General Requirements - Division 1 of the Specifications. 

12. Hazardous Waste - Any material, alone or mixed with 
other materials, which has no commercial use or value, 
or which is discarded or is to be discarded by the 
possessor thereof, either of which because of its 
quantity, concentration, or physical, chemical, or 
infectious characteristics may cause or significantly 
contribute to an increase in mortality or an increase in 
serious irreversible or incapacitating reversible 
illness; or pose a substantial present or potential 
hazard to human health or to the environment when 
improperly treated, stored, transported, disposed of, or 
otherwise managed. The term does not include: 
discharges which are point sources subject to permits 
under Section 402 of the "Federal Water Pollution 
Control Act:, as amended; source, special nuclear, or 
byproduct material as defined by the Federal "Atomiq 
Energy Act of 1954", as amended; agricultural waste from 
the raising of crops or animals, including animal 
manures, which are returned to the soils as fertilizers 
or soil conditioners; domestic sewage; irrigation return 
flows; inert materials deposited for construction for 
fill or topsoil placement in connection with actual or 
contemplated construction at such location or for 
changes in land contour for agricultural and mining 
purposes; or any waste or other materials exempted or 
otherwise not regulated as a hazardous waste under the 
federal act. 

13. Lower-Tier Subcontractor/Other Subcontractor: 

a. Lower-tier Subcontractor - An individual firm or 
corporation having a direct contract with the 
Subcontractor. 

b. Other subcontractor An individual firm or 
corporation (other than the Subcontractor) having a 
direct contract with the Contractor for other work 
on the Project. 

14. Notice of Award - The written notice by Contractor to 
the apparent successful bidder stating that upon 
compliance by the apparent successful bidder with the 
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15. 

16. 

conditions precedent enumerated therein, within the time 
specified, Contractor will sign and deliver the 
Agreement. 

Notice to Proceed - A written notice given by Contractor 
to Subcontractor fixing the date on which the 
Subcontract Time will commence to run and on which 
Subcontractor shall start to perform Subcontractor's 
obligations under the Subcontract Documents. 

Permanent Facilities Permanent facilities shall 
include permanent features of the Project including, but 
not limited to, the following: demolition of structures 
and disposal of demolished materials and debris; 
abandonment and relocation of existing utilities; 
construction of tailings embankment; construction of 
permanent drainage ditches; finish grading; and seeding. 

17. Project- The total construction of which the Work to be 
provided under these Subcontract Documents is a part as 
indicated elsewhere in the Subcontract Documents. 

18. Project Site/SitefJobsite: The Project Site or Site 
shall include the areas occupied by Monument Valley 
tailings site, Arizona including windblown outside of 
the site and tailings embankment (disposal) site at 
Mexican Hat, Utah including windblown and waterborne 
areas outside of the existing fence . 

19. Shop Drawings - All drawings, diagrams, illustrations, 
schedules and other data which are specifically prepared 
by or for Subcontractor to illustrate some portion of 
the Work and all illustrations, brochures, standard 
schedules, performance charts, instructions, diagrams 
and other information prepared by a Supplier and 
submitted by Subcontractor to illustrate material or 
equipment for some portion of the Work. 

20. Site Manager - The authorized representative of the 
Contractor who is assigned to the site or any part 
thereof. 

21. Specifications - Those portions of the Subcontract 
Documents consisting of written technical descriptions 
of materials, equipment, construction systems, standards 
and workmanship as applied to the Work and certain 
administrative details applicable thereto. 

22. Subcontract Change Notice/Change Order - A document 
signed by Subcontractor and Contractor authorizing an 
addition, deletion, revision, or clarification of the 
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Work, modified in writing and issued on or after the 
Effective Date of the Agreement . 

23. Subcontract Drawings - The drawings which show the 
character and scope of the Work to be performed and 
which are referred to in the Subcontract Documents. 

24. Subcontract Modification A document issued to 
incorporate Subcontract Change Notices/Change Orders and 
adjustments in the Subcontract Price or Subcontract Time 
or to modify Subcontract. 

25. Subcontract Price - The moneys payable by Contractor to 
Subcontractor under the Subcontract Documents as stated 
in the Agreement. 

26. Subcontract Time - Duration of time specified in the 
Subcontract Agreement Form for the completion of the 
Work under the Subcontract. The time shall commence 
from the date or the day specified in the written Notice 
to Proceed, and may be specified in terms of number of 
calendar days available to complete the Work. 

27. Tailings Embankment - See Section 02200, Article 1.4. 

28. Temporary Facilities - See Construction Facilities in 
Paragraph 6 above . 

29. Temporary Roads - Improvements to existing roads 
construction of new roads including, but not limited 
the following; and improvements to existing roads 
construction of new roads, if any, for 
Subcontractor's convenience in the performance of 
Subcontract. 

and 
to, 
and 
the 
the 

a. Access/haul road along existing Indian Service 
Route 6440 connecting Monument Valley and Mexican 
Hat sites. 

b. Maintain a Bypass Road at Monument Valley site as 
shown on the Subcontract Drawings. 

c. Maintain a Bypass Road at Halchita as shown on the 
Subcontract Drawings. 

30. Uncontaminated Materials All materials having 
radioactive contamination levels less than specified in 
the applicable us Environmental Protection Agency 
Standards, or limits specified for free release of 
demolished materials and debris. Contamination levels 
which may be based on radium, thorium or other 
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31. 

32. 

radionuclides shall be as determined by the Contractor. 
These standards are presented in the Federal Register, 
48FR602, January 5, 1983: "Standards for Remedial 
Actions at Inactive Uranium Processing Sites" and for 
demolished materials and debris, in applicable limits 
available from the Contractor. 

Uncontrolled Hazardous Waste Site - An area where an 
accumulation of hazardous substance creates a threat to 
the health and safety of individuals or the environment 
or both. Uranium mill tailings that have a total 
specific activity above 2000 pCi/g are classified as a 
Hazardous Substance by the Department of Transportation. 

Work - The entire completed construction required under 
the Subcontract Documents. Work is the result of 
performance of services, furnishing labor and furnishing 
and incorporating materials and equipment into the 
construction, all as required by the Subcontract 
Documents. 

B. The other terms such as Contractor, Subcontractor, 
Government, DOE, Subcontract Administrator, Subcontract 
Documents, MK-F and Site of Work are defined in Article GP-2 
of General Provisions. 

SC-2 HOLIDAYS 

A. The following days will be observed as holidays by MK
Ferguson Company, and shall be observed by the Subcontractor 
and lower tier subcontractors: 

Navajo Memorial Day 
Pioneer Day 
New Year's Day 
Presidents' Day 
Memorial Day 
Independence Day 
Labor Day 
Veteran's Day 
Thanksgiving Day 
Christmas Day 

B. Holidays occurring on Friday, Saturday or Sunday will be 
observed on a day designated by the contractor . 

HAT-MON 
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SC-3 CONSTRUCTION RESTRAINTS 

A. Concurrent Work: MK-Ferguson Company (Contractor) and other 
subcontractors may be engaged in work in the general areas 
covered by the Work under this Subcontract. Such personnel 
will have access to the areas and to the utilities. The 
Subcontractor shall cooperate and coordinate his work to 
best utilize the available areas, roadways and facilities. 
Coordination shall be through the Contractor. 

B. During the course of this Subcontract, the Contractor, and 
possibly Navajo Nation personnel, will perform radiological 
surveys for excavation control, and will conduct tests on 
excavated areas to determine whether additional 
contamination remains to be excavated. Results of such 
tests of contaminated material are generally available 
within four hours during normal work hours; however, test 
equipment constraints may increase the testing time. This 
does not relieve the Subcontractor of his contractual 
obligation to place all contaminated material in the cell if 
additional contaminated material is found at a later date. 

c. Upon apparent completion of contaminated material excavation 
in a distinct area, the Contractor will conduct a 
radiological verification survey to confirm final removal of. 
contamination to EPA standards. This survey may take up to 
seven work days. The Subcontractor shall plan his work 
accordingly . 

D. Radiological and Nuisance Dust: 

HAT-MON 

1. Proactive Dust Suppression Plan: Prior to the start of 
any work on the Processing and (or) Disposal Site(s) the 
Subcontractor shall have a Contractor-approved 
"Proactive Dl,lst Suppression Plan" for the entire site{s) 
including borrow areas and haul roads. This plan shall 
include listing of specific pieces and quantity of 
equipment to be used, water sources, additives, days and 
hours of operation which demonstrate the Subcontractor's 
understanding of the importance of dust suppression 
requirements. It shall be adequate for all areas within 
the site boundaries, work areas and nonwork areas, 
radiological and non-radiological areas, borrow areas 
and haul roads. Approval of this plan does not relieve 
the Subcontractor of any responsibilities regarding the 
control of dust under the terms of the Subcontract. 

2. Work Stoppage in Case of Excessive Radionuclides: The 
Contractor will monitor construction activities and will 
shut down the work or require modifications of the 
Subcontractor's activities in the event that gaseous or 
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3. 

particulate radionuclides exceed limits or airborne 
particulates are visible. Any shutdown will be a last 
resort response to such conditions. Watering, vehicle 
speed reduction, voluntary partial shutdowns, 
respiratory protection and covering of materials 
emitting radon gas are some actions which shall be 
taken. 

Work stoppage in case of Excessive andjor Visible Dust: 
The Contractors and Subcontractor's actions regarding 
dust emissions in nonradiological areas within the site 
boundary shall be as stated above and in accordance with 
any permits provided by the contractor. The amount or 
type of dust suppression equipment in operation shall 
not prevent the Contractor from stopping work if there 
is excessive dust. If work stoppages occur due to 
excessive dust, the Subcontractor shall not recommence 
work without approval of the Contractor. 

E. Site speed limit shall be posted in accordance with 
Subcontractor's approved submittal and shall be observed at 
all times by all construction personnel and equipment 
operators. Safe speed limits shall be observed at all 
times. 

-
F. The Subcontractor shall not be permitted to bring explosives 

or firearms to the sites under any circumstances without the 
prior approval of the Contractor . 

G. The Subcontractor shall maintain the exhaust systems of all 
vehicles and equipment to protect against excessive noise 
and air pollution in compliance with the applicable local, 
state and federal requirements. The trucks shall be 
equipped with sound-dampening features. Tailgate chains 
shall be rubber-insulated and latches shall be adequately 
secured. Noise surveys will be conducted on all equipment 
by a Contractor's representative. 

H. No surface-disturbing activities shall be permitted at any 
archaeological site that has been declared eligible for the 
National Register of Historic Places, unless and until the 
archaeological resources from such a site have been tested 
and recovered by a qualified arcpaeologist. 

I. If the Subcontractor uncovers any archaeological artifacts 
or human remains during the term of the Subcontract, the 
Subcontractor shall immediately halt operations in the 
immediate vicinity of such a discovery and notify the Site 
Manager. Further work in these areas shall not resume until 
a qualified archaeologist has .inspected the site and 
completed all resource recovery work • 

HAT-MON 
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J. Placement of radon barrier material and production of 
erosion protection materials shall not begin prior to March 
1 of the year the work is scheduled. 

SC-4 SITE LOCATION AND ACCESS 

A. Location: 

1. The Work under the Subcontract involves operations at 
two different sites: 

a. Monument Valley Processing Site 

b. Mexican Hat Disposal Site 

2. The locations of these sites are specified in 
Specification Section 01010. 

B. Access: The liability insurance dictates mandatory 
enforcement by the Contractor of the following restraints to 
all persons seeking construction site access: 

SC-5 

1. Private, personal or agency vehicles not used for 
authorized construction purposes will not be allowed in 
the controlled site areas. 

2. Parking of private, personal or agency vehicles shall be 
in a restricted area outside of the controlled site 
areas as designated by the Site Manager or his 
representative. 

COORDINATION OF WORK 

The Subcontractor shall carefully coordinate all 
construction activities with the Site Manager to avoid 
conflicts and unnecessary delays in construction. 

SC-6 CONSTRUCTION FACILITIES AND TEMPORARY CONTROLS 

A. Unless otherwise specified elsewhere in the Subcontract 
Documents, the Subcontractor shall furnish and assume full 
responsibility for the following facilities and incidentals 
which are necessary for the furnishing, performance, 
testing, start-up and completion of the Work as shown on the 
Subcontract Drawings and as specified in the Specifications: 

HAT-MON 

1. All materials, equipment, plant, labor, transportation, 
construction equipment and machinery, tools, appliances, 
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fuel, power, light, heat, telephone, water, sanitary 
facilities, decontamination facilities and all other 
facilities and incidentals as specified in Section 
01500. 

Temporary controls including, but not limited.to, dust 
control, erosion control, noise control, pollution 
control, surface water control and access and traffic 
control as specified in Section 01560. 

B. Subcontractor shall be responsible for installing, 
constructing, maintaining, operating, removing and disposing 
of the construction facilities and temporary controls 
through the term of the Subcontract. 

SC-7 CONSTRUCTION ENVIRONMENT, SAFETY AND HEALTH 

A. Contractor Safety Program: 

1. The Subcontractor shall comply with the Construction 
Environment, Safety and Health Management Program 
(Document No. MK-UMTRA-4). A condensed version of this 
document is provided at the end of this Section. 

-
2 • The successful bidder will be issued a copy of the 

Construction Environment, Safety and Health Management 
Program Document with the Notice to Proceed by the 
Contractor's Subcontract Administrator. 

3. A table of contents for the Construction Environment, 
Safety and Health Management Program is listed below: 

CONSTRUCTION ENVIRONMENT. SAFETY AND HEALTH MANAGEMENT PROGRAM 

TABLE OF CONTENTS 

SECTION 

I 

II 

HAT-MON 

TITLE 
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4. The Subcontractor shall comply with radiological pro
grams and procedures required in the current revisions 
of the RAC/MK-F Health Physics Procedures, Health Phys
ics Monitoring Plan, the Site Specific Health Physics 
Monitoring Plan, andjor DOE Orders as applicable. 

B. Construction Environment, Safety and Health Initial 
Indoctrination and Training: 

[1. All construction personnel working on the site shall 
receive the basic Construction Environment, Safety and 
Health Initial Indoctrination and Training. The 
Indoctrination and Training will cover such matters as 
first aid and medical responsibilities, emergency 
actions, etc. The indoctrination may be oral or 
written, and/or audio visual (approximately 2 hours in 
·length) . It will be presented to construction personnel 
either individually or on a group basis and at the 
Subcontractor's convenience. The indoctrination will be 
presented to all personnel upon request at the site 
office between the hours of 8:00 a.m. and 4:00 p.m., 
Monday through Thursday (holidays excluded). No 
construction personnel will be permitted to work without 
having received this basic indoctrination.]* 

2. The use of respirators for radiological protection may 
be necessary on this Project. Respirators for any other 
kind of protection shall be furnished by the Subcontrac
tor. If respirator use becomes necessary, for radiolo
gical protection, the respirators will be provided by 
the Contractor with training in the proper use to per
form specific tasks. This instruction is approximately 
two hours long and will be provided to the Subcontractor 
at no extra cost. The Subcontractor shall notify the 
Contractor's Representative at least one (1) week in 
advance of the time that the training is desired. Note, 
that individuals with beards or facial hair that inter
feres with a proper respirator seal will not be accepted 
for respirator training. Training for respirators and 
for any other type of protection, other than radio
logical, shall be provided by the Subcontractor. 

3. No payment will be made to the Subcontractor for the 
Subcontractor's employees' attendance at Safety and 
Health Initial Indoctrination and Training Program or 
respirator training provided by the contractor. Full 
compensation for such costs will be considered 
incidental to the Work of this Subcontract. 

* P.I.D. 09-S-15 
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4. All employees not subject to the medical surveillance 
requirements of OSHA Standard 29 CFR 1910.120 shall have 
a written medical qualification to wear a respirator 
before they can perform work which requires the use of 
a respirator. If respirator use becomes necessary, for 
radiological protection, the respirators will be pro
vided by the Contractor with training in the proper use 
to perform specific tasks. Based upon requirements in 
OSHA 29 CFR 1910.134 and criteria established by the 
Contractor's Medical Director, and upon recommendations 
listed in the American National Standards Institute, 
ANSI 288.2-1980, "Practices for Respiratory Protection", 
all employees who will or may be required to wear 
respirators on this project shall complete a medical 
questionnaire and will be given pulmonary function and 
blood pressure tests by the Contractor before initial 
assignment and annually thereafter. This information 
will be evaluated by the Contractor's Medical Director 
between the hours of 8 a.m. and 4 p.m., Monday through 
Thursday, and if it is determined to meet specific 
criteria, a written qualification to safely wear a 
respirator will be issued to the employee within 24 
hours, upon receipt of the information. If a written 
qualification is not issued by the Contractor's Medical 
Director, the Subcontractor is responsible for schedul~ 
ing and payment of any additional medical evaluations, 
and shall submit to the Site Manager a written medical 
release for their employees' use of respirators . 

c. Electrical Precautions: 

HAT-MON 

1. Personnel Ground Fault Protection: All electrical 
conductors used in construction, operating on single 
phase, 120 VAC, 15 or 20 amperes circuits, shall be 
equipped with UL listed Ground Fault Circuit Interrup
ters set at five (5) milliamperes plus (+) or minus (-) 
one (1) milliampere. All electrical conductors, port
able electric tools and their identification, installa
tion and usage shall be in compliance with applicable 
OSHA standards set forth in Section 29 CFR 1926.404 of 
the OSHA 2207 construction industry publication. 

2. Electrical Clearance Requirement: All electrical 
circuit connections shall be made on de-energized 
systems. Working clearance for energized systems shall 
be 3 feet for o to 150 volts and 4 feet for 151 to 600 
volts. The work shall be performed by a qualified 
journeyman electrician or by an apprentice electrician 
under the direct supervision of a qualified journeyman 
electrician • 
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D. Smoking, Drinking, Eating and Chewing Restrictions: No 
smoking will be permitted in the immediate vicinity of any 
flammable liquids, gases or highly combustible material, or 
in any area posted as a non-smoking area. No smoking, 
drinking, eating or chewing will be permitted in any 
controlled area. 

E. Ladders, Scaffolds, Man Lifts and Stairways: All man-lift 
equipment, ladders, scaffolding and stairways shall be in 
compliance with applicable OSHA (29 CFR 1926) standards and 
be subject to inspection by the Contractor prior to and 
during its use. 

F. Trench/Excavation Barricades: 

HAT-MON 

1. Trenching, excavation, shoring, bracing, and barricading 
requirements shall be in accordance with OSHA standard, 
29 CFR 1926, Subpart P, revision effective January 2, 
1990. 

2. The following forms of protection shall be required for 
open trenches/excavations adjacent to occupied 
buildings, crossing pedestrian crosswalks and paths, at 
street intersections, and crossing or adjacent to 
sidewalks and driveways: 

a. Barricades shall be positioned on each side of the 
trench and stationed at a maximum of ten (10) foot 
intervals. Spacing on each side of the trench 
shall alternate to show that a front view depicts 
barricades at five {5) foot intervals. 

b. Whenever possible, each barricade shall be 
positioned at least two {2) feet away from the open 
trench or excavation. 

c. Each barricade shall be equipped with a yellow 
flasher of at least seven {7) inches in diameter. 
(NOTE: Temporary barricades used during daylight 
operations do not require flashers.) street side 
flashers shall be directed parallel with the 
street, curb side flashers and flashers along 
pedestrian routes shall be facing in the direction 
of pedestrian traffic. 

d. When continuous solid barricades are not provided, 
interconnecting ropes or tape shall be attached to 
all barricades. When rope is used, streamers shall 
be attached at 2-3 foot intervals • 
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e. Walkways andjor bridges with standard guard rails, 
shall be provided at all pedestrian crossing points 
except for trench width 2 '-O" and less where a 
barricade straddling the trench on either side of 
the walkway may be used. 

f. Where vehicle traffic must cross trenching 
operations, metal plate covers shall be provided to 
support all motor vehicles. 

g. Where trenches or excavations interrupt a doorway, 
ramp, or other exits/entrances to buildings, the 
doors shall be locked or blocked and a sign 
displayed to indicate the condition that exists. 

[G. Notification of Occurrences: In accordance with the 
requirements of DOE Order 5000.3A, the Subcontractor shall 
report to the Contractor immediately upon occurrence of any 
non-routine events, occurrences, incidents, truck spills of 
contaminated materials, or accidents, etc., particularly in 
situations such as lost time accidents and ambulance 
calls.]* 

H. Responsibility: 

1. Subcontractor Safety Responsibility: 

a. The Subcontractor shall designate in writing a 
qualified person to implement at all times the 
Construction Environment, Safety and Health 
Management Program at the work site. The 
designated person shall have authority for actions 
and for control of work activity to prevent 
accidents. The Subcontractor's safety representa
tive shall be a full-time, on site employee whose 
only responsibility is to implement the Construc
tion Environment, Safety and Health Management 
Program and who reports directly to the Subcon
tractor's management. The Contractor reserves the 
right to reject any safety person designated by the 
Subcontractor and considered unqualified by the 
Contractor. At times when the Subcontractor's 
designated Safety Representative is not available 
{sick, vacation, day-off, seminar, etc.), an 
alternative representative acceptable to the 
Contractor shall fulfill all the responsibilities 
of the Safety Representative. 

* P.I.D. 09-S-15 
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b. The Subcontractor's Safety Representative shall 
make daily work area safety and health inspections 
when any work is ongoing. Such daily inspections 
shall be documented in writing and shall include a 
brief description of the inspection findings, 
deficiencies noted and actions taken or implemented 
as a result. Copies of the documented inspections 
shall be submitted to the Contractor on a weekly 
basis. 

c. The Subcontractor shall submit at the preconstruc
tion meeting a copy of. the Subcontractor's 
company's safety plan. 

[d. The Subcontractor shall provide an on-site full 
time Emergency Medical Technician (EMT).]* 

2. Contractor Safety Responsibility: 

a. Contractor Safety Department personnel or 
designated representatives will make regular 
continuing inspections of all facilities and 
operations within the scope of the Subcontract. 
These inspections will include the facilities and 
all operations of the Subcontractor, but do not in 
any way relieve the Subcontractor of responsibility 
for compliance with the provisions of the 
Construction Environment, Safety and Health 
Management Program. 

b. Daily work area safety and health inspections will 
be made by Contractor personnel. 

I. Galvanized Materials: Personal respiratory protection or 
ventilation is required if a heat process takes place with 
galvanized materials. 

J. Back-Up Alarms: All construction equipment shall have 
functioning audible back-up alarms while in use on an UMTRA 
project. 

K. Unidentified Waste Materials: Unidentified wastes will be 
identified by the Contractor through laboratory analysis. 
If the materials are identified as hazardous, the 
Subcontractor shall comply with the applicable standards for 
personnel safety and health protection. 

* P.I.D. 09-S-15 
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L. Industrial Hygiene: 

HAT-MON 

1. Noise: 

a. The UMTRA Project shall comply with the OSHA 
Construction Occupational Noise Exposure Regulation 
29 CFR 1926. 52. Sound level surveys and noise 
dosimetry will be conducted by the Contractor for 
both the Contractor and Subcontractor personnel. 
Noise monitoring data will be· available to the 
Subcontractor for evaluation. Hearing protection 
is required for any personnel exposed to 85 dB(A) 
or above. Limit applies for an 8-hour time 
weighted average. 

b. The Subcontractor shall provide baseline and annual 
audiometric testing (hearing tests) if it is 
possible to track employees, and shall provide 
training to any employee exposed above 85 dB(A) 
8-hour Time Weighted Average (TWA), as required to 
have an effective hearing conservation program. 
The baseline audiometric test shall be given to 
employees within 6 months of hire date. Costs of 
audiograms and training shall be funded by the 
Subcontractor without cost to the employee._ 
Subcontractors or their individual employees, who 
work on an UMTRA site for less than 6 months are 
not required to perform audiometric tests for 
purposes of this Subcontract. 

c. The Contractor will monitor Subcontractor 
compliance with the OSHA 29 CFR 1926.52 regulation 
by reviewing Subcontractor records and interviewing 
Subcontractor employees as necessary. 

d. Trucks engaged in hauling activities shall not use 
engine brakes except in emergencies. 

2. Dust: Subcontractor's dust control provisions shall be 
adequate to prevent personnel from potential inhalation 
exposure to Silica or Nuisance Particulates. 
Contractor's Safety Department will conduct ongoing dust 
monitoring and will keep the Subcontractor informed 
about the need for respiratory protection. The 
Subcontractor shall provide dust masks or the necessary 
respiratory protection for silica where radiological 
contamination is not present. 

3. Prior to confined space entry, the Subcontractor shall 
read and comply with the confined space entry procedures 
developed by the Contractor. The procedures require 
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that a permit be completed and kept at the work place. 
Atmospheric testing will be performed prior to confined 
space entry for percent Oxygen, Carbon Monoxide, 
Combustibles and Hydrogen Sulfide. Testing will be done 
using a direct reading instrument assigned to the 
Contractor's Health and Safety personnel. 

Hazard Communication: The Subcontractor shall comply 
with the OSHA Hazard Communication Program for the 
Construction Industry. The required compliance 
activities include but are not limited to: 

a. Current Chemical Inventories 

b. Material Safety Data Sheets for all Chemicals 

c. Proper labeling of all chemical containers. 

d. Complete written program available to all work 
place employees. 

e. Appropriate training to all employees on hazards of 
the workplace as required in OSHA 29 CFR 1926.59. 

f. The Subcontractor shall submit to the Contractor a 
generic Hazard Communication Program at the 
preconstruction meeting. The Subcontractor shall 
submit a site specific Hazard Communication Program 
for approval within 30 calendar days after the 
Notice to Proceed. This plan shall be updated as 
new materials are utilized on site. 

5. General Hazards: The Subcontractor shall be responsible 
for controlling general hazards as identified. General 
hazards include heat stress, ultra violet radiation, 
chemical exposures and biological agents with potential 
to cause illness or injury to site personnel. 

M. · Construction Motor Vehicles, Heavy Equipment and Machinery 
Inspections and Maintenance: 

HAT-MON 

1. Construction Motor Vehicles: 

a. Vehicles that are in operation within an offhighway 
jobsite shall comply with 29 CFR 1926.601. 

b. Vehicles that operate on highways or any public 
roads shall comply with the North American Uniform 
Out-of-Service Criteria (which the Subcontractor is 
responsible for obtaining) • In addition, the 
Subcontractor shall implement and comply with all 
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c. 

d. 

requirements of the Contractor's Truck Inspection 
Plan. The truck inspection frequency shall be 
every two weeks. This frequency supersedes Section 
3, Article 3.6 of the Truck Inspection Plan. All 
other requirements in Section 3 of the Plan apply. 
If conditions exist, in the Contractor's opinion, 
due to safety concerns, the inspection frequency 
may be increased to once weekly. 

Inspection reports and repair records shall be 
submitted to the Contractor's Site Manager prior to 
the initial use of all Motor Vehicles. Any 
additional inspection reports or repair records as 
required by the Truck Inspection Plan shall also be 
submitted to the Site Manager. 

Truck Information: All haul unit vehicles shall be 
equipped with a system that will: 

1) Monitor driver trends, 
equipment. Identify high 
Identify when vehicle 
parameters. 

habits, routes and 
risk driver activity. 

exceeds operating 

2) Monitor fuel economy, speed, idle time and 
RPM's. 

3) Present data in a clear, user friendly report 
format that separates driver and vehicle 
information. 

Any and all data shall be provided to the 
Contractor within 24 hours upon request. 

e. All trucks carrying contaminated materials shall be 
connected to a radio communications system. 

2. Heavy Equipment and Machinery: 

a. The Subcontractor shall designate a competent 
person to inspect the operating safety conditions 
of all construction Heavy Equipment and Machinery. 
The Heavy Equipment and Machinery shall be 
inspected prior to their use and frequently during 
their use to make certain that they are in safe 
operating condition. All deficiencies shall be 
repaired and defective parts replaced before 
continued use of the equipment or machinery. 
Records of inspections and repairs shall be 
maintained by the Subcontractor and be submitted 
weekly to the Contractor • 
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b. A thorough annual inspection of the hoisting 
machinery shall be made by a competent person or by 
a government or private agency recognized by the 
u.s. Department of Labor, and inspection reports 
shall be maintained. 

c. Inspection reports and repair records shall be 
submitted to the Contractor's Site Manager prior to 
the use of such construction vehicles, machinery 
and equipment on the Project. 

d. Material handling Heavy Equipment shall comply with 
29 CFR 1926.602. 

N. Hazardous Waste Operations {OSHA Standard 29 CFR 1910.120): 

HAT-MON 

1. Training Requirements: 

a. All Subcontractor employees who are expected to 
work full-time, part-time or routinely on-site, and 
are exposed to hazardous substances (i.e. uranium 
mill tailings above 2000 pCi/g total specific 
activity), or other health,and safety hazards shall 
complete 40 hours or equivalent of initial training 
prior to working on-site. These employees shall ba 
provided with an additional three days of on-the 
job training by a trained supervisor • 

b. The .Contractor will provide all Subcontractor 
employees affected by Subparagraph a with 
approximately eight {8) hours of site specific 
safety and health training. This 8 hours of 
training is considered "equivalent training" and is 
applicable to the 40-hour training requirement. 
The Subcontractor shall apply this 8 hours of 
training towards the required 40-hour training for 
each affected employee. The general contents of 
the 8 hours of training include: 

1) Initial ES&H Indoctrination - which addresses 
site rules and requirements: One {1) hour. 

2) Hazard Communication Training - in compliance 
with OSHA 29 CFR 1926.59: One {1) hour. 

3) Respiratory Protection Training for air-
purifying respirators as required by OSHA 29 
CFR 1910.134: Two {2) hours. 

4) Radiation Protection Worker Training - which 
addresses radiation safety, effects of 

Document No. 3885-HM-S-01-02236-04 
Issued for Construction-Revision 1 

Special Conditions 
00800 - 20 

01345/WPSl 
080392 



• 

• 

• 
HAT-MON 

exposure, health risks, 
measures, instrumentation, 
emergency procedures, and 
Four (4) hours. 

dose, protection 
decontamination, 

responsibilities: 

c. In addition to the 40 hours of initial training, 
the Subcontractor shall provide 8 hours of 
supervisor training to all management and 
supervisory personnel. 

d. The Subcontractor shall provide all employees 
specified in paragraphs 1.a and 1.b with 8 hours of 
refresher training annually. This training is 
required on or before the anniversary date of the 
initial training. 

e. All training required by this Special Condition 
shall comply with the Occupational Safety and 
Health Administration (OSHA) Standard 29 CFR 
1910.120 entitled "HAZARDOUS WASTE OPERATIONS AND 
EMERGENCY RESPONSE". 

f. Should the Subcontractor perform work on-site with 
employee (s) who are not appropriately trained, a 
written submittal shall be provided to the 
Contractor for approval prior to commencement of 
this work. This submittal shall provide details as 
to the type and duration of the work, and certify 
that the work is to occur in a non-exclusion area 
that is free of exposures to hazardous substances, 
health hazards, or safety hazards. 

g. Site visitors, vendors, auditors and others who are 
not full-time, part-time, or routine site workers 
will not be required to complete training as 
required in OSHA Standard 29 CFR 1910.120 provided 
they are escorted on-site at all times by project 
personnel who are knowledgeable of the exclusion 
and non-exclusion areas, and provided they are not 
exposed to hazardous substances, health hazards or 
safety hazards. All site visitors, vendors, 
auditors and others shall be given initial ES&H 
indoctrination training by the Contractor prior to 
site entry. 

2. Medical Surveillance Requirements: 

a. The Subcontractor shall provide medical 
surveillance for all Subcontractor employees who: 
1) are or may be exposed to a hazardous substance 
(i.e. uranium mill tailings above 2000 pCi/g total 
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specific activity), or health hazards at or above 
the permissible exposure level (PEL), or, if there 
is no PEL, above the published exposure levels for 
these substances, without regard to the use of 
respirators, for thirty days or more a year; or 2) 
who wear a respirator for thirty days or more a 
year; or 3) who are injured due to overexposure 
from an emergency incident involving hazardous 
substances; or 4) who are members of a HAZMAT Team. 
The Subcontractor shall submit to the Contractor a 
written explanation which provides justification 
for any employees who are not included in the 
medical surveillance program. 

b. The Subcontractor shall provide employees who 
require medical surveillance with examinations at 
the following times: 1) before initial assignment; 
2) every twelve months unless the attending 
physician believes a shorter or longer interval is 
appropriate (in no case shall the surveillance 
duration be greater than every two years); 3) at 
termination of employment from the Uranium Mill 
Tailings Remedial Action Program unless an 
examination has occurred within the last six 
months; 4) immediately when an employee developa 
symptoms of overexposure to a hazardous substance 
or health hazard, or is injured or exposed above 
accepted levels in an emergency situation . 

c. The Subcontractor shall ensure medical examinations 
are either provided or supervised by a qualified 
licensed physician. The Subcontractor shall 
provide, at a minimum, the following information to 
the attending physician: 1) A copy of OSHA 
Standard 29 CFR 1910.120; 2) A description of the 
employee's duties as they relate to the employee's 
exposure; 3) A copy of the employee's actual or 
potential exposure levels; 4) A description of the 
types of personal protective equipment (PPE) used 
on-site, including respiratory protection; 5) A 
copy of the employee's past medical examination if 
requested by the physician. 

d. The physician shall perform, at a m1n1mum, a 
medical and work history, and an examination that 
is representative of the site hazards including 
fitness for duty with an emphasis on the ability of 
the employee to wear an air-purifying respirator 
and other PPE under stressful conditions such as 
hot weather and physical work • 
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e. The physician shall provide the Subcontractor with 
a written statement in compliance with OSHA Stan
dard 29 CFR 1910.120 that qualifies or disqualifies 
the employee on their ability to work on-site. 
This qualification statement shall specifically 
address the employee's ability to wear an air 
purifying respirator. The Subcontractor shall 
provide a copy of this written statement to the 
employee and to the Contractor. Employees not 
qualified to work under the conditions considered 
in the examination will not be allowed to perform 
job duties on-site. 

f. The Subcontractor shall comply with all prov1s1ons 
of OSHA Standard 29 CFR 1910.120, unless more 
stringent requirements are described or referenced 
in this document. The Contractor will determine 
on-site exclusion and non-exclusion areas. 

g. The Subcontractor shall submit for Contractor 
approval a site specific Hazardous Waste 
Operations, Site Safety and Health Plan in 
accordance with 29 CFR 1910.120. This plan shall 
be submitted 10 calendar days prior to any work in 
a controlled area. 

3. Record Keeping Requirements: 

a. The Subcontractor shall submit to the Contractor, 
on the first business day of every month, a com
plete roster of personnel which lists the following 
information and accomplishments which comply with 
OSHA Standard 29 CFR 1910.120, if applicable: 

Name 
Social Security Number 
Site Name 
Date of Initial 40-Hour Training Course 
Date of Annual 8-Hour Refresher Training course 
Date of 8-Hour Supervisor Course 
Date of Initial Medical Examination 
Date of Annual Medical Examination 
Date of Exit Medical Examination 
Date of Three Day On-The-Job Training 
Date of Employment Termination 

b. The Subcontractor shall issue a card to all 
employees which certifies that they are currently 
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trained and are qualified under the medical 
examination requirements. The Subcontractor shall 
ensure each employee has this card readily 
available for Contractor compliance audits. 

Responsibility: The Subcontractor is responsible for 
providing all scheduling and implementation activities 
related to OSHA Standard 29 CFR 1910.120 and Special 
Conditions Article sc 7.0. This ensures that employees 
are trained and medically qualified prior to job 
assignment. These activities are incidental to the work 
and there will be no separate payment. In addition, 
prior costs related to these training and medical 
examinations which were determined to be unnecessary are 
not recoverable. 

HEALTH PHYSICS 

Portions of the Subcontract work area are radiologically 
controlled areas. All work shall be governed by the 
essential requirements given in the following paragraphs: 

A. Health Physics (HP) Personnel: The Site Manager will 
monitor the construction work through HP personnel employed 
by the Contractor. The HP personnel will provide 
radiological surveillance over construction activities and 
advise supervision on matters concerning radiation safety as 
related to activities or conditions affecting the 
construction work. 

B. Radiologically Controlled Areas: 

HAT-MON 

1. Radiologically controlled areas shall be established as 
needed at the discretion of the Site Manager. They will 
normally include areas where radioactive contamination 
levels exceed 10 times the applicable limits or where 
airborne radioactive material concentrations or external 
radiation dose exceed the applicable limits. 

2. -The Contractor will provide HP personnel to control 
access to radiologically controlled areas. 

3. The Subcontractor shall provide access control 
facilities as specified in Section 01500. 

4. All personnel will be required to sign in and sign out 
of radiologically controlled areas, including but not 
limited to name, time and areas where they worked • 
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5. No eating, drinking, smoking, or chewing will be allowed 
in a radiologically controlled area. Personnel found to 
be in violation of this rule may be restricted from the 
controlled area, andjor have their training 
certification revoked. Repeated violations may result 
in permanent restriction from UMTRA sites. 

6. All personnel will be required to self-monitor (frisk) 
for radioactive contamination upon leaving the 
controlled area. Personnel will be instructed in self
monitoring procedures as a part of the Radiation Worker 
Training. 

7. The Subcontractor shall observe controlled area 
restrictions and shall take applicable precautions. 

8. Dust suppression techniques are required to limit 
exposure to airborne radionuclides. 

c. Protective Clothing for Contamination Control: 

HAT-MON 

1. Protective clothing will be utilized for contamination 
control at the discretion of the Contractor. 

2. When required, protective clothing may consist of 
coveralls, gloves, rubber boots, shoe covers, and/or 
respirators in any combination. At a minimum, all 
personnel shall wear rubber boots within the controlled 
area (unless this is determined to be unnecessary by the 
Site HP Manager). 

3. Protective clothing will be provided 
Subcontractor at no charge on a loan basis. 

to the 

4. Protective clothing will be issued by Contractor 
personnel at the access control area. Protective 
clothing shall be put on and removed at the access 
control area or radiologically controlled area boundary. 
Personnel will be required to change out of the 
protective clothing prior to leaving the controlled 
area. 

5. The Contractor will determine when respiratory 
protection is required during certain construction 
activities when the potential for airborne radiological 
limits could be exceeded. The Contractor's HP Site 
Manager will specify when and where respirators are 
required. 

6. The Subcontractor shall ensure that protective clothing 
i terns are stored in the workers' change and storage 
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trailers located inside the controlled area boundaries 
and that storage areas are maintained in proper order . 
Access control trailers specified in Section 01560 may 
be used for storage of protective clothing. 

Compliance with required protective clothing standards 
is mandatory. 

D. Training Requirements: 

1. All personnel whose job assignment requires work on, 
with, or in the proximity of radioactive materials (mill 
tailings) will be trained as Radiation Workers. 

[2. The Radiation Worker training course is approximately 
six hours long.]* 

3 . The Radiation Worker training course is available to 
Subcontractor personnel at no cost for the instruction. 
The Subcontractor shall notify the Contractor's 
representatives at least one day in advance when 
training is desired. 

4. A test will be given to all personnel at the conclusion 
of training to establish qualifications as a Radiation 
Worker. Personnel must pass this test to work within 
the radiation control area . 

5. Training in the proper use of respirators for performing 
specific tasks may be required. For respirator training 
and employee requirement, see Articles SC-7. B. 2 and 
SC-7.B.4. 

E. Radiation Exposure Limits and Dosimetry: 
I 

1. Radiation exposure on the UMTRA Project is expected to 
be well within allowable radiation exposure limits. 

2. Each employee shall provide prior radiation exposure 
records as applicable. 

3. Whole body radiation exposure shall be determined by the 
use of Personal Thermoluminescent Dosimeters (TLD). The 
Contractor will provide TLDs as required. 

4. While working at the construction site, each employee 
who is issued a TLD is required to wear that TLD. TLDs 
will be issued and collected upon entrance to and exit 
from the controlled area. 

* P.I.D. 09-S-15 

HAT-MON 
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5. No one under the age of 18 shall be permitted to enter 
or work in the controlled area . 

F. Bioassay {Urine and/or Fecal Samples): 

1. Employees working in radiation control areas may be 
required to submit an initial, quarterly, and 
termination bioassay sample. 

2. Employees may be required to submit additional bioassay 
samples on an occasional basis, to ensure that appli
cable radionuclide exposure standards are being met. 

3. It is the Subcontractor's responsibility to ensure that 
each employee submits bioassay samples as required by 
the Subcontract. 

4. The Contractor will notify the Subcontractor of any 
employee who fails to provide a required bioassay 
sample. The communication will state that urine sample 
submittal to the Contractor representative is a 
subcontract requirement. If the issue is not resolved, 
the Contractor's Subcontract Administrator will notify 
the Subcontractor, by written communication, that the 
employee will be restricted from all radiologically 
controlled areas. 

5. Employees who fail to provide a bioassay sample will not 
be permitted on the site. 

6. In the unlikely event that an employee has a confirmed 
positive bioassay result, he may be temporarily 
restricted from the controlled area for radiological 
evaluation. 

7. The Subcontractor shall notify the Contractor of any 
personnel terminations or transfers as early as 
possible, but no later than two working days in advance 
of such terminations or transfers. This notification· 
will allow sufficient time to collect a termination 
bioassay sample. 

8. The Contractor shall be notified of the termination of 
any employee so that a final bioassay sample may be 
collected. This final sample is crucial to the overall 
radiation protection program. 

G. Warning Signals: Certain circumstances such as unusual or 
unanticipated radiation levels, presence of toxic sub
stances, or unsafe working conditions may prompt the Con
tractor to give verbal information or directions, as 

HAT-MON 
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Warning Signals, directly to the Subcontractor and the 
Subcontractor's employees. The Subcontractor and the 
Subcontractor's employees shall take required actions as 
directed by the Contractor. The Subcontractor shall obtain 
the name and title of the Contractor's representative 
providing such information. 

Decontamination and Monitoring of Vehicles and Equipment: 

1. Vehicles, equipment and tools that are to be removed 
from radiologically controlled areas (free release) 
shall be cleaned of all potentially contaminated soils 
and will be monitored for radioactive contamination by 
the Contractor prior to removal from the area. 

2. When vehicles are decontaminated for release from one 
radiologically controlled area to another (controlled 
release), they will be monitored for contamination by 
the Contractor. The Contractor will initially monitor 
100 percent of the vehicles for contamination. As 
experience begins to indicate that the decontamination 
process is being performed adequately, the percentage of 
vehicles that are monitored may be reduced to as few as 
10 percent. Monitoring may be increased as 
contamination levels increase. 

3. Vehicle decontamination facilities will be provided as 
specified in Section 01500, Article 1.15 • 

4. During snowfall or icing conditions complete removal of 
snow or ice may be required prior to verifying 
decontamination. 

5. Equipment will normally be decontaminated prior to any 
maintenance other than routine servicing. 

I. Tailings Leakage in Uncontrolled Areas: 

HAT-MON 

1. Leakage of tailings or contaminated materials will not 
be allowed in uncontrolled areas. 

2. The Contractor will perform baseline surveys of all haul 
routes outside of controlled areas. 

3. The Contractor will periodically monitor the haul route 
and compare the data against baseline to detect spills 
of contaminated material. The Subcontractor shall clean 
up any contaminated material leaked or spilled outside 
of the controlled area, and the area shall be restored 
as required by the Contractor . 
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J. Disposition of Contaminated Equipment, Tools and Material: 

HAT-MON 

1. The Subcontractor shall use his own or rental equipment 
in performing the required work under this Subcontract. 
All tools, vehicles, equipment and material will be 
inspected for radioactive contamination by the Site 
Manager or his designee prior to removal from the 
construction area. 

2. Should the Subcontractor's tools, material, or equipment 
become contaminated, they will have to be decontaminated 
before removal from the area. If decontamination 
becomes necessary, the Site Manager will provide 
instructions for decontamination by the Subcontractor's 
employees. Decontamination may consist of steam 
cleaning, dry brushing, or washing with appropriate 
liquids. Decontamination required beyond these 
described will be handled under Article GP-52, 
"CHANGES", of the General Provisions. All releases 
shall be on an ALARA (As Low As Reasonably Achievable) 
basis as determined by the Contractor. 

3. If decontamination proves impracticable or impossible, 
the tools, material, or equipment in question will be 
retained by the Contractor and an equitable adjustment 
for same will be negotiated with the Subcontractor 
provided that: 

a. There is no fault or negligence of the 
Subcontractor contributing to the contamination; 

b. The Subcontractor has followed all the specific 
instructions of the authorized HP personnel who 
have surveillance over the work; 

c. Items or equipment confiscated from the 
Subcontractor will be documented by a Confiscation 
Notice furnished to the Subcontractor by the 
Contractor and signed by HP personnel and the Site 
Manager; 

d. The Subcontractor allows reasonable time (a minimum 
of 10 working days, excluding weekends and 
holidays) in which to attempt to decontaminate the 
i tern ( s) in question. The reimbursement schedule 
will be as follows: 

1) Tools valued less than $300.00 at 95% of 
replacement cost • 
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2) Tools/Equipment $300.00 and or more: If less 
than one (1) year old or at top of depreciation 
schedule, at 75% of replacement cost; if at 
bottom of or off the depreciation schedule, at 
50% of replacement cost. 

e. Failure to agree upon equitable adjustment shall 
constitute a dispute within the meaning of Article 
GP-41 of the General Provisions. 

f. In view of the foregoing, the Subcontractor is 
encouraged to plan his work so as to minimize the 
transfer of equipment into and out of the 
construction area. 

SUBMITTALS 

Pursuant to the prov1s1ons of Specification Section 01300 -
Submittals, the Subcontractor shall submit samples of 
materials, schedules and reports, shop drawings, product 
data, manufacturer's instructions, and design calculations 
and design drawings to the Contractor. 

QUALITY ASSURANCE 

All work shall be performed to the requirements of the 
Contractor's Quality Assurance Program. This program meets 
the applicable requirements of 10 CFR 50 Appendix B and 
ANSI/ASME NQA-1-79. The program will be wholly administered 
by the Contractor for permanent record purposes. All 
Quality Records will be generated by and maintained by 
Contractor's personnel. 

PERMITS 

The Contractor will provide the following permits and 
notifications as required for the Work and activities 
specified in the Subcontract Documents, except as noted 
below in Articles SC-11.B and SC-11.C: 

1. National Pollutant Discharge Elimination System (NPDES) 
Permits - Monument Valley and Mexican Hat 
(U.S. - Environmental Protection Agency) 

2. Threatened or Endangered Species Consultation 
(U.S. Fish and Wildlife Service, Navajo Nation) 

Document No. 3885-HM-S-01-02236-04 
Issued for Construction-Revision 1 

Special Conditions 
00800 - 30 

0134S/WP51 
080392 



• 

• B. 

• 
HAT-MON 

3. Cultural Resource Clearance 
(Bureau of Indian Affairs, Utah State Historic 
Preservation Officer, Navajo Nation) 

4. Access and Borrow Permit (Sand and Gravel Permit) for 
the RB-4/RB-7 Borrow Sites (Radon Barrier), and for the 
general backfill area adjacent to the Monument Valley 
site 
(Bureau of Indian Affairs and Navajo Nation) 

5. Consigned Water Service Contract - for withdrawal of 
water from the San Juan River. The withdrawal rate 
shall not exceed the permitted rate. 
(U.S. Bureau of Reclamation) 

6. Access and Free Use Permits - for the Bluff borrow site 
(U.S. Bureau of Land Management) 

7. Revocable Use Permits - for temporary construction areas 
and water pipeline, as required 
(Bureau of Indian Affairs) 

8. Temporary Water Diversion Permit 
(Utah State Engineer's Office) 

9. Air Quality Notice of Intent 
(Utah Department of Health, 
Protection Agency) 

u.s . Environmental 

All other permits and notifications, including but not 
limited to the following, as required, shall be the 
responsibility of the Subcontractor in accordance with 
Article GP-47 of the General Provisions. The Subcontractor 
shall provide copies of all other permits and notifications 
to the Contractor. 

1. Water Well Drilling Permit, if required. 
(Navajo Division of Water Resources) 

2. Well Abandonment Reports, if required 
(Navajo Division of Water Resources) 

3. State Highway Encroachment Permits - for turnoffs into 
the tailings site and quarries 
(Utah Department of Transportation) 

4. Review of Transportation on State Highways 
(Utah Department of Transportation) 
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c. 

D. 

5. Right of Way for Navajo Road Encroachment/Modifications 
including for Indian Service Routes 6440 and 6480 
(Bureau of Indian Affairs and Navajo Nation) 

6. Air Quality Approval Order(s) - for rock crusher and 
screening.equipment 
(Utah Bureau of Air Quality) 

7. Borrow Permit - for general backfill for offsite areas 
including access and haul roads 
(Navajo Nation) 

8. Spill Prevention Control and Countermeasures Plan- for 
on-site fuel/oil storage if required 
(U.S. Environmental Protection Agency) 

9. Notification and Request for Identification Number - for 
quarry and borrow operations 
(U.S. Mine Safety and Health Administration) 

If the Subcontractor elects to use borrow areas, quarries, 
or access roads other than those shown on the Subcontract 
Drawings, the Subcontractor shall be responsible for 
obtaining or determining that the owner 1 operator of an 
existing borrow pit has obtained all required permits and 
notifications for the use and operation of such borrow 
areas, quarries and access roads in accordance with the 
requirements of Article GP-47 of the General Provisions • 

The Subcontractor shall comply with the provisions of the 
permits at all times during the execution of the 
Subcontract. The Contractor will make available to the 
Bidders the permits and their provisions for review by the 
Bidders. 

E. Separate measurement or payment will not be made for work 
required of the Subcontractor for obtaining additional 
permits and for compliance with the provisions of all 
permits, unless specifically provided for in this 
Subcontract. All costs in connection with obtaining such 
permits and for compliance with such permits will be 
considered incidental to the Subcontract. 

SC-12 SUBCONTRACTOR LABOR AND EQUIPMENT RATES 

A. Within 30 days after receipt of Notice to Proceed, the 
Subcontractor shall furnish to the Contractor a list of all 
equipment to be used on the Project. The list, as a 
minimum, shall include the following for each piece of 
equipment: 

HAT-MON 
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1. Equipment number, make, model, type, year of 
manufacture, capacity and/or horsepower, attachments, 
and any other information necessary to determine 
applicable Blue Book Rental Rate for Construction 
Equipment. Attachments, if any shall be reasonable and 
necessary for the work intended on the job or not be 
included when calculating appropriate rates. 

2. Hourly rental rate calculated at the Subcontractor's 
normal rate for each piece of equipment, not to exceed 
60 percent of the monthly rate, divided by 176, from the 
current edition of the Rental Rate Blue Book for 
Construction Equipment. 

3. An ·hourly operating rate for fuel, oil, parts, 
maintenance and repairs, etc. for actual hours of 
operation only. This rate shall be not more than 100 
percent of the operating rate from the current edition 
of the Rental Rate Blue Book for Construction Equipment. 

4. When standby of equipment is required, the standby rate 
shall be hourly rental rate calculated at 60 percent of 
the monthly rate, divided by 176, from the current 
edition of the Rental Rate Blue Book for Construction 
Equipment. Maximum standby time allowed shall be for & 
hours in any day, 40 hours in any week, or 176 hours in 
any month . 

5. All equipment rates shall be inclusive of Subcontractor 
markups. 

B. The above rate information shall also be provided for any 
subsequent equipment brought onto the site during the term 
of the Subcontract in addition to the initial list, and 
shall be provided within five days of the date the equipment 
arrives. 

c. The initial equipment rate list submittal, with additions, 
shall be valid for all pieces of equipment from its receipt 
until January 1 of the following year. 

D. The equipment rate list shall be revised on January 1 of 
each year with the current Blue Book rates. These rates 
shall be used until the equipment rate list is revised on 
January 1 of the following year. 

E. Within 30 days after receipt of Notice to Proceed, the 
Subcontractor shall furnish to the Contractor labor rates 
including premium time for all craft designations to be used 
on the Project as follows: 
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SC-14 

• 
HAT-MON 

1. List craft category and classification (i.e., loader 
operator, 6 cy; truck driver, 3 axle; etc.) . The 
category and classification should be consistent with 
the Davis-Bacon wage determination for the Project. 

2. Labor cost rates including fringe benefits, payroll, 
taxes, and insurance. 

3. Each item in 1 and 2 above shall be listed separately. 

The above labor rate information shall be revised and 
resubmitted on January 1 of each year with current payroll 
burden rates. 

The above labor rates shall be exclusive of Subcontractor 
overhead and profit. 

The rates provided in Paragraphs A through E above shall be 
used for changes to the Subcontract where unit prices or 
other methods of pricing do not apply and shall be used 
solely at the discretion of the Contractor. 

SUBCONTRACT CHANGE NOTICE PROPOSAL 

The Subcontractor, in connection with any proposal he makes 
for a Subcontract Change Notice, shall furnish a price 
breakdown, itemized as required by the Subcontract 
Administrator. Unless otherwise directed, the breakdown 
shall include all estimated labor and equipment hours, and 
associated costs, materials, subcontracts, and overhead and 
profit required to permit an analysis, and shall cover all 
work involved in the Change Notice, whether such work was 
deleted, added or changed. Any amount claimed for subtier
subcontractors shall be supported by a similar price 
breakdown and/ or quotes from the subtier-subcontractors. In 
addition, if the proposal includes a time extension, a 
justification therefor shall be furnished. The proposal, 
together with the price breakdown and time extension 
justification, shall be furnished to the Subcontract 
Administrator within 30 calendar days after receipt of the 
Change Notice. 

VARIATIONS IN QUANTITIES 

In all cases, except cancellation of one or more line items, 
where the quantity of a unit priced line item in the 
Subcontract is an estimated quantity, and where the actual 
quantity of such line item varies by more than 10 percent 
above or 10 percent below the originally estimated quantity 
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SC-15 

stated in the Subcontract, an adjustment in unit price shall 
be negotiated upon demand of either party for the quantities 
above or below the stated variation. 

LAWS AND REGULATIONS 

Subcontractor shall give all notices and comply with all 
laws, ordinances, rules and regulations applicable to the 
Work. If Subcontractor observes that the Specifications or 
Subcontract Drawings are at variance therewith, 
Subcontractor shall give Contractor prompt written notice 
thereof, and any necessary changes shall be adjusted by an 
appropriate Modification. If Subcontractor performs any 
Work knowing or having reason to know that it is contrary to 
such laws, ordinances, rules and regulations, and without 
such notice to Contractor, Subcontractor shall bear all 
costs arising therefrom; however, it shall not be 
Subcontractor's primary responsibility to make certain that 
the Specifications and Subcontract Drawings are in 
accordance with such laws, ordinances, rules and 
regulations. 

SC-16 REMEDIAL ACTIONS ON LANDS OF INDIAN TRIBES 

A. Pursuant to Section 105 of Public Law 95-605, the Uranium 
Mill Tailings Radiation Control Act of 1978 and the 
Cooperative Agreement between the United States Department 
of Energy and the Navajo Nation, whenever remedial actions 
are required to be performed on sites located on lands 
belonging to Indian Tribes, all Subcontractors shall make 
full use of any local qualified members of Indian Tribe 
residents in the vicinity of the mill tailings site, 
vicinity properties, and designated disposal areas for 
remedial action performed on reservation lands. 

B. The Subcontractor shall submit with his proposal a plan for 
assuring the maximum utilization of local Indian labor as 
referenced above. 

SC-17 FUNDING LIMITATIONS 

A. Of the total Subcontract Price, the sum of $ (to 

HAT-MON 

be identified at time of award) is presently available for 
payment to the Subcontractor under this Subcontract. It is 
anticipated that additional funds will be allotted from time 
to time to this Subcontract subject to Government 
appropriations available in this fiscal year or succeeding 
fiscal years. The responsibilities of the Contractor are 
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B. 

limited by this clause notwithstanding any contrary 
provision of the "Payments to Subcontractors" clause or any 
other clause of this Subcontract. 

The Subcontractor agrees to perform or have performed work 
up to the point at which, in the event of termination of 
this Subcontract pursuant to the clause hereof entitled 
"Termination for Convenience", the total amount payable by 
the Contractor (including amounts payable in respect of 
lower-tier subcontracts and settlement costs), pursuant to 
paragraph E below, would in the exercise of reasonable 
judgment by the Subcontractor approximate the total amount 
at the time allotted to this Subcontract. The Contractor 
shall not be obligated in any event to pay or reimburse the 
Subcontractor in excess of the amount from time to time 
allotted to this Subcontract, anything to the contrary in 
this clause or the clauses hereof entitled "Termination for 
Convenience" as specified in Article GP-55 and "Payments to 
Subcontractors" as specified in Article GP-38 of the General 
Provisions notwithstanding. 

c. It is contemplated that funds presently allotted to 
this Subcontract will cover the work to be performed until 

(to be identified at time of award). In 
the event funds allotted are considered by the Subcontracto~ 
to be inadequate to cover the work to be performed until the 
above date, the Subcontractor shall notify the Subcontract 
Administrator when the work will reach a point at which, in 
the event of termination of this Subcontract pursuant to the 
clause hereof entitled "Termination for Convenience", the 
total amount payable by the Contractor (including amounts 
payable in respect of lower-tier subcontracts and settlement 
costs) pursuant to Paragraph E below, will approximate 85% 
of the total amount then allotted to this Subcontract. Such 
notice shall be in writing and shall be given not less than 
45 days nor more than 60 days prior to the estimated date 
when such point will be reached. Such notice shall also 
state the estimated amount of additional funds required to 
continue performance to the above stated date. 

D. The Contractor may at any time allot additional funds for 
continued performance of this Subcontract. The Subcontract 
Administrator will promptly notify the Subcontractor, in 
writing, of any such allotment and: (a) determine the 
applicable period of Subcontract performance which shall be 
covered by such funding; (b) modify the date stated in 
Paragraph c above in order to reflect such extended period 
of coverage; and (c) modify the amount stated in Paragraph 
A above. The provisions of Paragraphs B and c, above, shall 
apply to such additional allotted funds and modified date • 

HAT-MON 

Document No. 3885-HM-S-01-02236-04 
Issued for Construction-Revision 1 

Special Conditions 
00800 - 36 

0134S/WP51 
080392 

• 



• 

• 

• 

E. In the event the Subcontractor incurs additional costs, or 
is delayed in the performance of the work under this 
Subcontract, solely by reason of the failure of the 
Contractor to allot additional funds pursuant to Paragraph 
D above in the amounts sufficient for the timely performance 
of this Subcontract, and if additional funds are allotted by 
the Contractor pursuant to Paragraph D for continued 
performance of this Subcontract, then an equitable 
adjustment may be made in the Subcontract Price (including 
appropriate target, billing and ceiling prices where 
applicable) or in the time required for the performance of 
the work, or both, and this Subcontract may be modified in 
writing accordingly; provided, that the Subcontractor 
provides to the Subcontract Administrator written notice of 
its claim of entitlement to an equitable adjustment prior to 
the date then stated in Paragraph c. 

F. Nothing in this clause shall affect the right of 
Contractor to terminate this Subcontract pursuant to 
clause of this Subcontract entitled "Termination 
Convenience". 

the 
the 
for 

G. In order to adequately determine the ongoing current status 
of the project, and to assure that adequate funding is 
available in the event that suspension or termination fo~ 
convenience becomes necessary, the Subcontractor is hereby 
required to submit a report monthly detailing information 
necessary to properly determine the expected cost to the 
Government for such activity. 

H. The monthly report specified in Paragraph G above shall be 
submitted monthly on the 20th of the month. This report 
shall be submitted to the Subcontract Administrator, and is 
not subject to approval. This report shall provide the 
actual cost to date, a reasonably accurate estimate of 
monthly suspension cost (assuming complete suspension), a 
reasonably accurate estimate of termination cost (as 
provided in GP-55) as of the date of this monthly report. 
This report shall include the total amounts that may be 
payable by the Contractor (including amounts payable in 
respect of lower-tier subcontracts and settlement costs). 

SC-18 CERTIFIED PAYROLLS 

HAT-MON 

In addition to the copies of certified payrolls that shall 
be submitted each week to the Subcontract Administrator, one 
copy shall also be submitted to the Site Manager • 
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SC-19 

SC-20 

A. 

B. 

SC-21 

SC-22 

SUBCONTRACTOR'S LIABILITY 

The Subcontractor has total liability for all of his own 
equipment, supplies, tools, etc., brought on the job site or 
used in the performance of this Subcontract. 

MEASUREMENT AND PAYMENT 

Unless otherwise provided in the Subcontract Documents, no 
separate measurement or payment will be made for compliance 
with the provisions of the General Provisions, General 
Conditions and Special Conditions. Full compensation for 
such work will be considered to be included in the related 
items of Bid Schedule or incidental to the Subcontract. 

Payment for the cost of premiums paid by the Subcontractor 
to obtain performance and payment bonds will be as specified 
in Article GP-38.E of the General Provisions. The 
Subcontractor shall quote the price for the premiums by the 
lump sum in the Bid Schedule. (Bid Schedule Item 005) 

WORK HOURS 

The Subcontractor shall schedule all work on a single shift 
basis except in such cases where in the opinion of the 
Contractor, the Subcontractor falls behind the approved 
progress schedule. The Contractor may require him to 
increase manpower, number of shifts, and/or construction 
plant in accordance with Article GC-3 of the General 
Conditions. The standard 40-hour work week shall be 
based on four 10-hour days per week, Monday through 
Thursday. 

CONTAMINATED MATERIALS HAUL INSURANCE REQUIREMENTS 

The Subcontractor shall provide the Contractor evidence of 
insurance (additional bonding will not be accepted) as 
required by 49 CFR 387, Minimum Levels of Financial 
Responsibility For Motor Carriers. This requirement is in 
addition to those limits required by General Condition 
(GC-7). All other conditions contained within GC-7 shall 
also apply to this additional insurance. It shall be the 
Subcontractor's responsibility to obtain a determination 
from the u.s. Department of Transportation as to the 
definition of a hopper-type vehicle. A copy of this 
determination shall be submitted to the Contractor along 
with the evidence of insurance as well as a description of 
the type of vehicle the Subcontractor will use • 
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[SC-23 BULLETIN BOARDS 

The Subcontractor shall provide Bulletin Boards as necessary 
at locations approved by the Contractor for the display of 
Permits, Bulletins and other required items.)* 

END OF SECTION 00800 

* P.I.D. 09-S-15 

HAT-MON 

Document No. 3885-HM-S-01-02236-04 
Issued for Construction-Revision 1 

Special Conditions 
00800 - 39 

01345/WPSl 
080392 



• 

• 

• 

~\ 
~ ~!;~~~~ON~~MPA~,,~jb. v ,. -<?f-;;t;;?; 

UMTRAP CONS~--. _;,;~~~ ~~~~ENT SAFETY l HEALTH MANAGEMENT PROGRAM 

Condensed--~s;on for Comprehensive Field AppHcat1pn 

t~~;;c);l," Part 
•Management and supervis1 ·.are charged with the respons1b11 ity of preventing 
the occurrence of incf~ents ~;~r co~diHons that could lead to occupational 
injuries or illness. WhHe the',ultimate success of a safety and health program 
depends upon the full cooperation·-, of each individual employee, it is 
management's responsibility t~.4ee that. safety and health rules and procedures 
are adequate and enforced, l.rid to see )that effective training and education 
programs are employed to the~est adyantage.• 

•Never should safety be sacfifk::>;~¢);.:c;roduction. It must be considered an 
integral part of quality control, ·cost---reduction and job efficiency. Every 
supervisor will be held accountab]e'for the .safety performance demonstrated by 

:::"~::: :::e:n:n:::~~~~.;.:vls ~e~j~~i;J 
Basically,(OSHA. stari~;~s are<~:~i;7:we~'; we also comply with local, 
state, and. applicable federal <'tandards. Reference: Page vi in the 
Construction Environmen~ Safety and Health Manag~ment Program. 

Purpose ~:-,;t ~ ({i~~~~;r; 
Provide safe and hea1thy ·working conditions for all RAC and subcontractor 
employees while protecting the general public. Reference: Page 1 in the 
Construction Safety and Health Management Program~-.;.;;> 

Scope of Responsibilit~-;~L~- \J~-:~~:~0~~~}::_~-~/~ , . . : ·"· .. ". ·- Arv:~~ . 
1. DOE. UMTRA Proj:~·~t~>Of~ice w.iH cond~c.~~.---.~~~·~--i~~iJc._safety and-·health 

aud1ts of remedul act1on contractors.'3>5i:;. ~/~:-
\'·"'"'' /''. ;·· .,.,, .. -:;._~~~ 

2. Technical Assistance C~ntractor~ill prepareJu!alth.and safety survey 
reports. yf'~;~;~,j:::>t:;;;<·::> :~ ~l~ij;:f.i~Yj.'" \~: 

3. Remedial action contractor will, under the guidan~e /of the Project 
Director, provide a management overview for ~11 "safety and health 

~=~~:~~~:~~~~ b;"!flesupaed:.erset::. to the e~~~am, and 
4. All remedial act ion subcontra~tors shall comp11· with · a1 1 )app1 i cable 

local, state, DOE/UMTRA and federal safety and hea1th codes, 
regulations, standards, and special proceduresr.~ The · ·remedial 
action contractor's Construction Environment\.Safety and-" Health 
Management Program shall be an integral part of the. subcontract, 
including mandatory implementation and compliance ,.by'.,.. the various 
remedial action subcontractors. Reference: ·Page_:'' .• in __,.the 
Construct ion Environment Safety and Health Management Program·~./· .. 

~~~;;£;~ · ..•. · .. 
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~· @ ~~~~~ON~~PAN!,_ 
~~ .· ... ".:/z?.ilt . 

n ect ion and nfor e · :·:·r::..:.'0_·:""~ 
. . .... ~·.i"::.t>,!"-..,. 

1. The RAC ~if~:t~~,~~i~~t personnel or designated representative will 
make regular~inspections of all facilities and operations within the 
scope of t~ contract. Jhese inspections will include the facilities 
and operatiops of all~~bcontractors, but do not, 1n any way, relieve 
subc~n~ractors. pf-:(the .. ir. ~~_e:.spons ibil ity for compliance with the 
prov1s1ons of ~!~pr{~ .. ram.~ 

2. Daily work area safety _)lealth inspections will be made by RAC 
personnel and subcontractbr sup~rvision. . 

3. Failure of the r~~~:~i;:,r.;;,r~~ subcontractor to comply with the 
established safety> r~gulations'' and procedures and/or conducting 
activities which ~re considered .. , unsafe by the remedial action 
contractor or the bepartment ..... 4f. Energy shal 1 constitute cause of 
stoppage of work in accordanee wit~ Article GP-35, "Safety and Health" 
of the General Provisions. Refer~nce: Page 8 in the Construction 

Audits 
Environm_-~~.{[.i;:_t_:~D;_~~~nd '!e~-t~.;~~~:~_-~ .. ~.nt .. Program. 

(··/6~;/::c·> \z5.~Y~~-~\ 
l. MK-F t~~;~rate s~·f;·~y staf'f-~nr co~d~c(';udits quarterly or as needed 

. based ·,~ .. ~~-~~dul~~~~. acti{~~l~~:-
2. DOE UMTRA .ProSect Of.fi ce wi]l conduct .J)eri odic safety and he a 1 th 

audits of\eme'~ .~" subc·on~f~s~.,;-}i~~~~·-
3. RAC will conquet iii forma 1 and fo-:ma 1 audits. 

{', ... " / ">" -~-. 
Reference: Page 9 in,.~tfe Construct\on·-tnvironment Safety and Health 

Fire Preve:::::e:::t p:::~7~1~;g;P '/, \;f:!iiifPff;l~''· 
1. All remedial actiQn contractor and subcontractor employees shall take 

positive measures· to prevent· fires within their work areas on the 
site. Ther~ will b~---in some·cases, work,...sites ~hat~ave established 
fire departments nearby for response ,n case_· of Tire. In these 
instances, the phone··.number of the fire department will be posted and 
notified immediately in case of fire. Notification shall also be made 
to the on-site remedial action contractor management personnel. The 
on-site ma~agement shall immediately noU~{.;:;-the ~{.~j~Et Safety 
Department 1n Albuquerque, New Mexico. ~.. . .. ,.~:::>;>'~:;,'}')}~ ... 

. ; ·:f-,(f~-~::~·_·i:~;;:~)--·Zt:~. 
2. If the fire results in property damage, not fication .... to' the RAC, 

reporting extent and estimated cost shall be made. ~n~investigation 
shall be conducted to determine cause with, factual· information 
gathered for a formal report to DOE/UMTRA Remedial Action ·Project 
Office by the remedial action contractor. ~;'(;" .. 
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3. Each re;;·~·l~tJ-::~~~ntractor shall maintain a fire prevention and 
control e'forf appropy;Jate for the needs of the site. In some cases 
there may be ~ufficient cause to require a trained fire brigade. Each 
remedial act~6n subcontractor shall provide proper fire extinguishers, 
maintain the~d tra~~~~yees on how they are to be used. 

Reference: Pa~e~6_.~r\~~:::·t~_-th~!--~c1nstruct ion Environment Safety and Health 
Management Prog~n!;J~~;.,;\~ ~ 

first Aid and Medical ,,,:::,_, . 
.. : .-/~;·.~~;; -~?~t~;;:~~; -

1. The subcontractor sh 1 provi'de)()r; arrange for adequate facilities and 
qual ;tied personnel {-to ens/~r~"'prompt and eff;cient first aid medical 
care and emergency t,:~:~;~~-~,!}~on~_injured or sick employees. 

2. Advance arrangements to·· ut i.Hze · nearby hospitals, clinics, local 
ambulance services, or other medical· facilities and the services of 
professional medical pe~sonnel,must}be made prior to commencement of 
work. These ~l"rangements will) be made by the RAC Construction Safety 
and Health_ --M~n. ~_geme?~. 4!§A~·.:~~;~; ~,_,. . '··.· I . ... . ) .... \:···;;-··_,.. ~, 

3. Each s~ift -n;·~_st·<'fiav~· at leas(.oJ]e·sup~~-~-isor holding a current first 

aid cert~~i ca,~~;~~~;~~~~/;. V1fi~~;-:/%r~~->:>~ 
4. All project· management .. is :enc;oliraged":"''to have every foreman or 

supervisor _qua1ified for first aid certificates. 
\ :.::.·s:· /<(_,· ~~ \:..:o-··· ~\:·, '·:_.:1:0"" · 

S. When required; _.As specified in (--the special conditions, a standby 
automotive unit shall be provided for ambulance service. This unit 
should be properly equipped #to accommodate a ·str-etcher and allow for 
prompt, comfortable tran~portation of jersonnel .to medical or hospital 
fac i 1 it i es. ~\:fb7~·:.'~~; \.."~\~,~~J'~~:f''' 

6. The emergency te,ephone number~-- for t~e' local hosp_itals, ambulances, 
fire and pol ice departments must be conspicuously \posted around the 
job site on the orange col~red posters·. available/through the Safety 
Department of the remedi~l;_a_ct~o~ _co_ntract~~y~:~~;;;{~~-
Reference: Page 13 f&~e ~-t~:~~{fii:ition En;i;~~;.e~~~ .. ;j';[ and Health 

Records - ::::~::e::dP::::;::. ~·· ~· ·:.i~~f~ 
1. Remedial action contractor field records: ,;.~~,·~:;i;XJ~f?~J~f~~ 

a) Safety inspect i~ns (MK-F form CAS-21 ~. >:ipiftiii9~'·)fi[~ 
b) Employee compl a1nts and response act 10n. :· ~'~-~,£~f;·· 
c) Daily First Aid Treatment log (MK-F Form CAS-8) covering MK~F and 

CNSI personnel. . . ~ .... ~· A,··; <.·. 
d) Copies of all subcontract Daily F1 rst A1d Treatment -logs.'·'· · 
e) Transmit a copy of all the above to RAC Safety Departm~nt, 

Albuquerque. \>{/J~V .> 

16668 -3-



•• 

• 

• 

@. MK·FERGUSON ~~--Y 
~A MORRISOfo4 KHUDS£NCOWI\HY ~'··· ~-

~. Remedi~i-~~t~sJb~~~-t ractor records: 

a) Daif>;:-·;:i;~~id~atment Log (HK-F Form CAS-B) with the original 
sent to·'lhe AAC Safety Department, Albuquerque. · 

b) Log of~~~pat~~uries and Illnesses (OSHA Form No. 200) 

l. :~med:::e::::~~i~~~:c~~e::::::;:. Report (MK·F Form CAS·24J 
b) Unusual Occurrence Report . 

. c) Report emp 1 oyee ~onip1 a i nts with corrective action. 
d) Report all recordabl~ .. .acc,idents (those not first aid). 

4. Remedial action suf~~,~~~;ct01i:~orts: 
\"::•?::< ·;·?:~.;.""' A"'· 

a) Report all recordable acc.jdents (those not first aid). 
b) Unusua 1 Occurrence R~port. < "~'">'/!. 
c) Supervisors Accident Investigation Report (HK-F Form CAS-24) 
d) Employe~'s first\ report of'" injury to insurance carrier and 

Remedial Action Cohtractor Safety Department, Albuquerque. 
/··· ..... :/:'''·"'"i'>'. (§· : ' .. ·:·/ --- ~-, 

5. Remed~al action ~ontracto~ and subcontractors: 
\ .· ~: . ' ~-; ·:-:,~>:;~ .:, 

a) OSHA and DOE noccupati~nal Safety and Health Protectionn posters. 
(OSHA Form .No:-2203 and.OOE~;.:5480.2,-formerly DOE Form EV-627) . 

b) Emerge_ncy ·poster (MK-F Form CAS-2Z)<·:f\. 
c) OSHA._"'tog. Form No! ... 200.\ .Summa.ry--·wnl. be posted for 30 days 

:~ 1 ~~:; :~~h:1f: 1 t!ndar yea~:~,,~~tween February I and March 12, 

Reference: \age 17 in-:-the'constr ction .. ·tn·Vf~ent Safety and Health 

Emergency ::::::ment Pro~~C0}i''~c . - ~fj;fPJ~#'>.c~, . 
I. Categories with p~i'~ntialeme;ge~cy ac{i:n are~~' 

16668 

a) Accident with ~i ~~~i\y~~injury~J~:;~~~~,~~ent damage. 
b) Severe weather.\,:·~ \,,.>•· .. ,,, 
c) F i re . . · ·r;:;:<~1i~ 
d) Contaminated materials spill in transmit .... f.::;/;~.~~j;.t~J:~:;.,.. 

,. ~· .;~. ·"::o.,·.C,· .w-··· 

The Site Manager and Radiation Safety Officei.·c~~·trol~g~ncy action 
by giving direction as needed. Alternate /individual~ 'must be 

~~~~~~~~~e~retoab~~~r 1 J~,;~9e .~::&~~~~ b~~~ i: •. for~~;,~;·• key 
~!- .. ~. {~~· ~::.:(:·~·~:~~· ;_·~ ;,;~ 
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. . ~~ 
~ ~~~~~~~N<~R~PA~-

,. 2. The RA~n~\ Safety and Health Manager will preplan and 
coordina~e with ;,local ---~mergency and medical facilities for potential 

• 

• 

ass i stanc,_.1n211 c,ategor_i es. . 

3. Each site wfll:;.~.:~?~:;f~n ... with specific assignments for response to a 
truck spill~~- ~~~ 

4. Site Managers~:s!~:ti\j_y RAC, Albuquerque with all pertinent 
information 1~edi at~ly. \ Response, if necessary, and further 
not i fi cations that are appropriate or required, wil 1 then proceed by 
responsible personnel i~~lbuquerque. 

Reference: Page 3(.~,~.:.:.::1~.:~~.-~S~.,:·:·~.~~.-~~ .. :3~tuct. ion Environment Safety and Health 
Management Program.~(A:!i-::ffJ.~ 

Safety and Health Training Pro;~,;;:§~~' 
1. The purpose for implementing ~~ \training program is to provide 

instruction to each employee to include the recognition and avoidance 
of unsafe acts and cond,tions·applicable to the work environment. It 
is al ~o_,.. designed 1, to assi.st subcontractor supervision in instructing 
each ·employee ~o recogni~e reg~Jat1ons· established to control or 
eliminate .bazards or other· exposure to_ illness or injury. 

\ . . ..• _>~·· /' (' :'· ::-~~-,;;::·-~,.....<>:-·~:)' 

2. Construction saf~ty· and health tr.aining_js ·•n inherent responsibility 
of direct J_jne..,. supervision. ,..A4anagement ·for the remedial action 
contractor <and · ~he . subcontra~tor, · JIIUSt monitor line supervisors' 
training i£ti/:t-~~!::l.~-~:ensure co~]-i~~~~--with the purpose of training. 

3. Each employee shall be· given an \initial indoctrination by a remedial 
action contr~ctor designated person.~t-the·~ork site. It may be oral 
or written arid mu~t take place before the employee may start work on 
the site. \!~{:· · \o~·-~:,~~~'::~{·;i}i;}'·· 

4. The subcontractor supervisor pr foreman will. instruet each worker in a 
group or individually as to. the nature. of the work·' to which he or she 
will be assigned.\ The hazards on the job, the··personal protective 
equipment which will ... be.< required, the safety rules under which the 
worker will work, an:a the penalties for faHure to· obs~rve these rules 
will also be explained. Each employe~ ·will be ~dvised of the 
requirements for fire protect ion and special pre~autions _to be taken 
if the work requires the use of flammable liquids·; toxic materials, or 
other harmful substances. The electrical taazards,' if .any, will be 
emphasized. \>,.~~~~:2~:-. . 

5. Weekly safety training meetings shall be cond~~t~tl' .. b};._;:"'RAc and 
subcontractor supervisors or foremen. Attendance is mandatory for all 
employees at the work site. A record of the~e meetings shaJl be 
maintained on MK-F Form CAS·ll for RAC and 'subcontractors:": The 
original form must be transmitted to the RAC Safety, Department in 

Albuquerque. \G3'~· 

-5-16668 



• 

• 

• 

. ~~ 

~ ~!:~~5J~~~~-~ANY ~ , .. _, .-;-',- ~ 
6. Each pe~;~;.¥_..expect~d'.·io work 40 hours over a three-month period in an 

access ~ontrolled area will be required to complete an approved 
radiatio~ wor~er trJin1ng program. It consists of a two hour lecture 
discussion and _a -two hQ.ur practical applications demonstration. 

==~=~=~~~~ ~~~~~~onstruction Environment Safety and Health 
ical Control an~'f~~~-~~""' ?:~'s 

" V"" 

En vi r:.:::::~t:.::::~·::d b:.:~':d't~~t :~:: ::::::.I 
~-; ~ / · ./.'.crY-,:-:-:!:'";:r 

Noise - Ionizing Radiat~on~ ~on-ionizing Radiation - Extreme Pressure -
Extreme. Temperature - Gast,s~~ .... Vapors-: __ -~-f __ ,_u_m_._.-:,_es, Ousts and Mists - Solvents -
Occupat1onal Illnesses. _ ·->>>.,<.•:;.-;;> 

. .' ' ..• ;;:;.'/'"':~}~:;: ,7< ;:\ ,-,, 

All of the above m.ay, at one time,or another, exist on this project. Our 
col 1 ect ive efforts to idenHfy these before potential exposure becomes a 
reality must·'be a ·constant prfority~"·-·for~most categories, it requires 
methods for detect~on · and \eva1uat ing--: ·the hazards. Very soon the 
instruments needed for measuring and-~valuation will be obtained. The RAC 
Construct ibn Safety and ,Heal t~ ···Manager · will perform these measuring 
functions a~d will bring·bthers 1n, wheri needed. for assistance to comply 
with local, state, .. ~nd federal standards~ :.~~C':::<~;'" 

(A:.,:· :> ' ' (. ->: ·_<:-~;:-;:;:7:',\l:- :-. 
Reference: Page. 3}./in ,the·" Construc1~~~~-~n-~ironment Safety and Health 
Management Program ~-~ - ./ :" ·,o·' \[~ ,.· ,,:..-· 

Access Control CNSII ~,: )'~', ,,~• 
A separate document<ytNsi ~nl ~over tb;~ t:~~;?;',~;f,> 

\ ~- '' 
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SECTION 01010 

SUMMARY OF WORK 

PART 1 - GENERAL 

1.1 DESCRIPTION OF THE PROJECT 

A. Project Location: The Mexican Hat {Hat) site is 
approximately twelve miles north of the Utah-Arizona border 
just southwest of Mexican Hat, Utah and lies within the 
Navajo Reservation. Major topographic features of the area 
include the San Juan River in the north and Alhambra Rock to 
the west. The topography slopes toward the northeast. The 
site is at 37° 07' 54" north latitude, and 109° 52' 30" west 
longitude {T42S and R18E). The Monument Valley {Mon) site is 
located on the Navajo Indian Reservation in Apache County, 
Arizona, 5 miles south of the Utah-Arizona border. The Mon 
site is approximately 17 miles south of the Hat, Utah site. 

B. The Mexican Hat site contains a tailings embankment, 
retention basin, access control areas and areas of 
waterborne/windblown contamination. Most of the off-pile 
contaminated materials have been removed by others • 

c. The Monument Valley site contains tailings piles, retention 
pond, access control area, numerous rubble piles, stone and 
concrete foundations and windblown/ waterborne contaminated 
areas. In order to stabilize the tailings and meet EPA 
standards, the tailings and other contaminated materials at 
Mon site shall be consolidated with other contaminated 
materials in the existing tailings embankment at Hat site. 

D. construction site access to the Hat site will be granted via 
an existing access road located southwest of the Hat site and 
Indian Service Route 6440 connecting the Mon and Hat sites. 
Route 6440 shall be upgraded in accordance with the 
requirements of this Subcontract. 

1.2 SCOPE OF WORK 

A. General: 

1. The Work is generally described as site work related to 
the excavation of contaminated residual radioactive 
materials from the Monument Valley site and of 
windblown/waterborne areas at both sites, and placement 

HAT-MON 
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2. 

of these materials in the tailings embankment at the 
Mexican Hat site with a protective cover. The Work 
includes the restoration of both sites. The Work is 
outlined in Article 1. 2. B below. such Work is more fully 
detailed in the Specifications and Subcontract Drawings 
included herein. 

The Work includes furnishing all plant, labor, tools, 
equipment, materials, transportation, and services, and 
performing all operations necessary for and properly 
incidental to the construction as shown and noted on the 
Subcontract Drawings and as specified in these 
Specifications. 

B. The Work Includes: 

1. Mobilization: See Section 01019. 

2. Construction Facilities: Operation, maintenance, and 
removal of construction facilities include, but are not 
limited to, the following as specified in Section 01500 
and other sections: 

a. Subcontractor's Office{s) 
b. Contractor's Offices 
c. Parking Areas 
d. Janitorial Services 
e. Snow Removal Services 
f. Temporary Roads 
g. Storage of Materials and Equipment 
h. Construction Equipment 
i. Temporary Sanitary Facilities 
j. Temporary Electric Power 
k. Temporary Water 
1. Decontamination System 
m. Temporary Heat 
n. Temporary Telephone Service 
o. Temporary Fences 
p. Permanent Crossing at Gypsum Creek 

3. Temporary Controls: Temporary controls shall include 
dust control, noise control, pollution control, water 
control, and access, traffic and· safety controls and 
protection of exposed surfaces as specified in Section 
01560. 

4. Permanent Facilities: Permanent facilities shall include 
construction of permanent features including, but not 
limited to, the following: 

HAT-MON 
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b. Demolition and disposal of structures specified in 
Section 02050 . 

c. Excavation, transportation and disposal of tailings 
and contaminated materials from Monument Valley and 
Mexican Hat sites as specified in Section 02200. 

d. Construction of tailings embankment including radon 
barrier amended with bentonite. 

e. Placement of protective cover over the tailings 
embankment as specified in Section 02278. 

f. construction of permanent drainage ditches. 

g. Finish grading. 

h. Seeding as specified in Section 02935. 

c. The above description of the Work is for general information 
only, and in no way limits the responsibility of the 
Subcontractor for completing the Work in strict accordance 
with the Subcontract Drawings and Specifications listed in 
the Table of Contents. 

D. Environmental Observations: The Work shall be performed in 
strict accordance with the applicable permit requirements and 
the requirements of U.s. Environmental Protection Agency 
(EPA), Navajo Nation, and other involved state and federal 
agencies (see Article SC-11 of Special Conditions for list of 
permits) having jurisdiction, and in accordance with the 
requirements of General Provisions, General Conditions and 
Special Conditions. 

1.3 OTHER SUBCONTRACTS 

A. The following subcontracts awarded by the Contractor for 
other work may be in progress during the term of this 
Subcontract. The Contractor or his authorized representative 
will be responsible for coordinating all activities between 
the subcontractors in accordance with the requirements of 
Article SC-3.A of the Special Conditions. 

1. Installation, operation, maintenance and removal of the 
wastewater treatment plant at each of the sites. 

2~ Cleanup of vicinity properties • 

HAT-MON 
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1.4 CONSTRUCTION SEQUENCE 

A. Unless otherwise specified, directed, or modified, the 
Subcontractor shall follow the recommended sequence of 
operations as set forth below. Modifications to this 
sequence shall be subject to the Contractor's approval. Full 
compensation for conforming to such requirements will be 
considered as included in the related Bid Schedule items of 
Work and no additional compensation will be allowed therefor. 

B. Meetings will be conducted between the Contractor and Subcon
tractor prior to starting each sequence of construction 
listed below. The intent of these meetings is to review and 
discuss specification requirements for that particular se
quence of construction. During these meetings, the Subcon
ractor shall present a written construction plan that will 
outline and detail the equipment, personnel, schedule, and 
source, transportation, excavation, placement and compaction 
of materials proposed for each construction sequence as 
applicable. Submittals shall be in accordance with Section 
01300. 

c. The sequence of operations: 

1. Phase I Mobilization as specified in Section 01019. 

2. Construction facilities at Hat and Mon sites as specified 
in Section 01500 . 

3. Temporary controls at Hat and Mon sites as specified in 
Section 01560. 

4. Construct, upgrade and maintain access and haul roads, 
including Gypsum Wash crossing. 

5. Phase II Mobilization as specified in Section 01019. 

[6. Demolish structure at Monument Valley site and transport 
demolition debris, boulders and rubble and place in 
tailings embankment as specified in Sections 02050 and 
02200.]* 

7. [Text Deleted]* [Not Used]* 

8. Excavate, transport and place in the Hat tailings 
embankment tailings and other contaminated materials from 
the Mon site in the following sequence: 

* P.I.D. 09-S-15 
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9. 

a - from the heap leach pad area and old pile. 
b - from the new pile . 
c - windblown/waterborne and the remaining 

contaminated materials. 

At the Mon site, demolish decontamination 
Remove retention basin and dikes. 
contaminated materials in the tailings 
Remove temporary fencing. 

facilities. 
Dispose of 
embankment. 

10. Perform final site grading and seeding of the Monument 
Valley site. 

11. Excavate, transport and place in tailings embankment 
windblown/waterborne contaminated materials from the Hat 
site. 

[ 12. Remove contaminated sediments and waterborne contaminated 
materials from the Hat site and place in the tailings 
embankment.]* 

13. Subgrade preparation of. aprons and permanent drainage 
ditches and gullies. 

14. Final site grading at the Hat site may proceed 
concurrently with the construction of the permanent 
drainage ditches . 

15. Fine grading of embankment side slopes. 

16. Phase III Mobilization as specified in Section 01019. 

17. Open up borrow areas, process and stockpile materials. 

18. Construction of the radon barrier cover over the 
contaminated material in the tailings embankment. The 
cover shall consist of selected uncontaminated material 
obtained from designated borrow areas. The entire 
thickness of the radon barrier shall be mixed with 
bentonite. 

[a. Demolish retention basin liner and embankment at the 
Hat site and dispose of in the tailings embankment 
as described in Section 02050.]* 

19. Placing erosion protection materials over the radon 
barrier cover and in permanent ditches and gullies. The 
erosion protection materials consist of a layer of 
bedding material topped by a layer of rock riprap. 

* P.I.D. 09-S-15 
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20. Site Cleanup: Removal and disposal of stockpiled 
materials and closing of the borrow sites and removal of 
temporary fencing. 

21. Site Restoration: Grading of the sites and the borrow 
areas to provide drainage including placement of 
uncontaminated fill, and conditioning for natural 
revegetation. 

22. Demobilization as specified in Section 01019. 

D. Mobilization as identified above (Article 1.4.c) shall be 
conducted in three phases as specified in Section 01019. At 
the appropriate times during the Subcontract, the Subcon
ractor shall present a written plan that outlines each 
mobilization phase to be discussed with the Contractor in 
meetings identified in Article 1.4.B of this Section. 

1.5 BORROW AREA LOCATIONS 

A. The following potential borrow areas are identified and shown 
on the Subcontract Drawings: 

1. Borrow areas RB-4 and RB-7 are located approximately five 
miles south of the Mexican Hat site. 

2. Bluff quarry areas located near Bluff, Utah approximately 
30 miles northeast of the Mexican Hat site. 

3. Sugarloaf Limestone borrow area (potential source only) 
located near Bluff, Utah approximately 15 miles northeast 
of the Mexican Hat site. 

4. Borrow area for general fill at the Monument Valley site 
is located adjacent to the site. 

B. Material for general fill at Mexican Hat site shall consist 
of uncontaminated materials within the Mexican Hat site and 
shall be obtained from areas approved by the Contractor. 

1.6 SUBCONTRACT DRAWINGS 

A. A list of Subcontract Drawings and Titles is provided in the 
Table of Contents of these Subcontract Documents under 
"Subcontract Drawings". 

B. Where "as shown," "as detailed," "as noted," or words of like 
meaning are used in the Subcontract Documents, it shall be 
understood that reference is being made to the Subcontract 
Drawings unless otherwise specified • 
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1.7 TIME OF COMPLETION 

A. The term of the Subcontract shall be 1,097 calendar days from 
the receipt of Notice to Proceed. 

B. Termination for default, damages for delay and time 
extensions are specified in Article GP-56 of the General 
Provisions. 

1.8 CODES AND STANDARDS 

A. Pursuant to Article GC-3 of the General Conditions, any 
material, method, or procedure specified by reference to the 
number, symbol, or title of a specific specification or 
standard, such as a Commercial Standard, American National 
Standard, Federal or State Specification, Industry or 
Government Code, a trade association code or standard, or 
other similar standard, shall comply with the requirements in 
the latest revision thereof and any amendments or supplements 
thereto in effect on the date of Award of the Subcontract, 
except as limited to type, class or grade, or modified in 
such reference. 

B. The code, specification or standard referred to, except as 
modified in these Specifications, shall have full force and 
effect as though printed in these Specifications. These 
Specifications and standards are not furnished to bidders 
because manufacturers and trades involved are assumed to be 
familiar with their requirements. The Contractor will 
furnish, upon request, information as to how copies of the 
specifications and standards referred to may be obtained. 

1.9 MANUFACTURERS' SPECIFICATIONS AND INSTRUCTIONS 

A. Unless otherwise indicated or specified, all manufactured 
materials, products, processes, equipment, or the like shall 
be installed or applied in accordance with the manufacturers' 
instructions, directions, or specifications. Said 
installation or application shall be in accordance with 
printed instructions furnished by the manufacturer of the 
material or equipment concerned for use under conditions 
similar to those at the jobsite. Two copies of such 
instructions shall be furnished to the Contractor and his 
acceptance thereof obtained before work is begun. 

B. Any deviation from the manufacturers' printed recommendations 
shall be explained and acknowledged as correct for the 
circumstances, in writing by the particular manufacturer. 
Subcontractor will be held responsible for all installations 
contrary to the manufacturers' recommendations. If any item 
of material or equipment is found to be installed not in 
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accordance with the manufacturer's recommendations, 
Subcontractor shall make all changes necessary to achieve 
such compliance without additional cost to the Contractor • 

1.10 WORK QUALITY 

A. 

B. 

c. 

1.11 

1.12 

A. 

Shop and field work shall be performed by qualified 
craftsmen. All work on this Project shall be performed in 
accordance with the best practices of the various trades 
involved and in accordance with the Subcontract Drawings, 
reviewed shop drawings, and these Specifications. 

All Work shall be erected and installed plumb, level, square 
and true, or true to indicated angle, and in proper alignment 
and relationship to the work of other trades. All finished 
work shall be free from defects and damage. 

The Contractor reserves the right to reject any materials and 
work which are not considered to be up to the highest 
standards of the various trades involved. Such inferior 
material or work quality shall be repaired or replaced, as 
directed, at no additional cost to the Contractor. 

FIELD MEASUREMENT AND TEMPLATES 

Subcontractor shall secure all field measurements required 
for proper and accurate fabrication and installation of the 
work included in this Subcontract. Exact measurements are 
the Subcontractor's responsibility. Subcontractor shall also 
furnish or obtain all templates, patterns, and setting 
instructions required for the installation of all work. All 
dimensions shall be verified by the Subcontractor by survey 
in the field. 

ACCESS TO WORK 

Pursuant to the prov1s1ons of Article GC-17 of the General 
Conditions, the authorized agents of the following agencies 
will also have the right of access to inspect the Work 
covered by these Subcontract Documents during the performance 
of this Subcontract: 

1. 

2. 

3. 

4. 

United States Department of Energy (DOE) 

United States Nuclear Regulatory Commission 

Navajo Nation 

Various Agencies listed in Article SC-11 
00800 • 
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5. Other Local, State and Federal agencies • 

B. The inspections will be performed in conjunction with an 
inspection by the Contractor. Reasonable facilities for the 
proper handling and inspection of the materials and the Work 
and any documents shall be furnished by the Subcontractor. 

PART 2 - PRODUCTS 

(Not Used) 

PART 3 - EXECUTION 

(Not Used) 

PART 4 - MEASUREMENT AND PAYMENT 

(Not Used) 

HAT-MON 
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SECTION 01019 

MOBILIZATION 

PART 1 - GENERAL 

1.1 SCOPE 

A. This Specification Section covers the following: 

1.2 

A. 

B. 

c. 

1.3 

A. 

1. Organization, mobilization and demobilization of 
Subcontractor's forces and equipment; 

2. Transporting construction plant and equipment to the site 
and setting up of same; 

3. Transporting tools, materials, and equipment to the site; 
and 

4. Furnishing, installation, construction, maintenance, 
operation, and subsequent removal and disposal of 
construction facilities and temporary controls not 
separately paid for under other Sections of Subcontract 
Documents but required for construction of permanent 
facilities . 

5. Subsequent removal of construction equipment, materials 
and supplies; decontamination of equipment and 
facilities; cleaning of equipment for salvage; cleaning 
of the site; and restoration and reseeding of offsite 
construction facilities. 

RELATED WORK 

Section 01500 - Construction Facilities 

Section 01560 - Temporary Controls 

Section 01561 - Construction Cleaning 

DESCRIPTION 

Mobilization shall include: 

1. Furnishing, installation/construction of construction 
facilities identified in Article 1.1.A.4 above, and 
mobilization of all construction equipment, materials, 
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supplies, appurtenances, and the like, manned and ready 
for commencing and performing the Work • 

2. Assembly and delivery to the site of plant, equipment, 
materials, and supplies necessary for the performance of 
the Work but which are not intended to be incorporated in 
the work; the preparation of the Subcontractor's work 
area; the complete assembly, in safe working order, of 
equipment necessary to perform the required work; 
personnel services preparatory to commencing actual work; 
and all other preparatory work required to permit 
commencement of the actual work on construction items for 
which payment is provided under the Subcontract. 

3. Maintenance and operation of construction facilities 
identified in Article 1.1.A.4 above. 

B. Demobilization shall include: 

1. Decontamination of construction facilities, equipment, 
materials, supplies and appurtenances. 

2. Subsequent removal from the site of all construction 
equipment, materials, supplies, appurtenances, and the 
like upon completion of the Work. 

3. Maintenance, operation, subsequent removal and disposal 
of construction facilities identified in Article 1.1.A.4 
above, as required by the Contractor, cleaning of the 
site, and restoration and reseeding of offsite 
constru~tion facilities. 

c. Mobilization Phasing: 
phases as follows: 

Mobilization will be done in three 

1. Phase I: 

HAT-MON 

a. Phase I provides for furnishing and installing 
construction facilities at both sites including, but 
not limited to: 

1) Subcontractor's Office(s) 

2) Contractor's Offices and trailers 

3) Parking Areas 

4) Janitorial Services 

5) Temporary Roads 
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6) Storage Facilities 

7) Sanitary Facilities 

8) Electric Power 

9) Temporary Water 

10) Decontamination system 

11) Temporary Heat 

12) Temporary Telephone Service 

13) Temporary Fences 

14) Permanent Crossing at Gypsum Creek 

b. Mobilization for all work covered in Bid Schedule 
Items 201, 202, 203, 204, 205, 206, 207 and 208 is 
included in Phase I. 

2. Phase II: Phase II is for mobilization required to 
complete the work at Monument Valley and for some site 
work at Mexican Hat, including but not limited to: 

a. At Monument Valley: 

1) Demolition 

[2) Removal and Disposal of Debris, Boulders and 
Rubble.)* 

3) [Text Deleted)* [Not Used)* 

4) Excavating, Hauling and Placement in the 
Tailings Embankment all Contaminated Materials 
from Monument Valley. 

5) Clean Up Rock Surfaces. 

6) Demolish and Dispose of Temporary Facilities. 

7) Final Site Grading and Seeding. 

b. At Mexican Hat: 

1) Excavate and Place in the Disposal Embankment, 
Windblown Waterborne Contaminated Materials. 

* P.I.D. 09-S-15 
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2) Clean Up of Rock Surfaces • 

3) Rock excavation for permanent drainage features. 

4) Preparation of Subgrade. 

5) Fine Grading of Embankment Slopes. 

6) Earthwork for Final Site Grading. 

c. Mobilization for all work covered in Bid Schedule 
Items 209, 210, 211, 401, 402, 403, 801, 802 and 804 
is included in Phase II. 

3. Phase III: 

a. Phase III is for mobilization required to complete 
the embankment cover and the remaining work of 
Mexican Hat and includes: 

1) Setting Up and Operating Borrow Sources for 
Radon Barrier and Riprap Material. 

2) Setting Up Plant for Mixing Radon Barrier 
Materials. 

3) Providing Bentonite for Radon Barrier Materials 

4) Placement of Radon Barrier Material. 

5) Placement 
including 
Materials. 

of Erosion Protection 
Bedding, Riprap and 

Material 
Rockfill 

6) Maintenance of Existing and Placement of New 
Displacement Monuments. 

b. Mobilization for all work covered in Bid Schedule 
Items 404, 501, 502, 601, 602, 603, 604, 803 and 804 
is included in Phase III. 

PART 2 - PRODUCTS 

(Not Used) 

PART 3 - EXECUTION 

Each phase of Mobilization will be accomplished in accordance 
with the construction sequence provided in Section 01010, 
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Article 1.4, and as detailed in the Subcontractor's approved 
Construction Schedule. 

PART 4 - MEASUREMENT AND PAYMENT 

4.1 MEASUREMENT 

A. Measurement for payment for each phase of mobilization for 
the following items will be by the lump sum basis. 

1. Mobilization Phase I 
2. Mobilization Phase II 
3. Mobilization Phase III 

B. Measurement for payment for demobilization for all phases of 
the work will be by the lump sum basis. 

4.2 PAYMENT 

A. Payment for the items of Article 4.1 A. above for each phase 
of mobilization will be made at the lump sum price quoted 
therefor in the Bid Schedule, and shall include all work 
items as specified herein. Payment for each item of 
mobilization will be made as follows: 

1. Payment of 50 percent of the lump sum price will be made 
upon completion of "move-in". Move-in is defined as 
organization of the Subcontractor's manpower and 
equipment, transporting equipment to the site, and 
installation of Subcontractor's equipment and other 
supporting structures for each phase of mobilization. 

2. Payment of the remaining 50 percent of the lump sum price 
will be made upon completion of work corresponding to 10 
percent of the total price quoted in the Bid Schedule for 
the Bid Schedule items included in each Phase of Mobili
zation exclusive of the price quoted for mobilization. 

B. Payment for demobilization will be made at the lump sum price 
quoted therefor in the Bid Schedule and shall include all 
work items as specified herein. 

c. Payment for furnishing, installing, operating, maintaining, 
decontaminating, removing and disposal, if required, of 
construction facilities not specifically included for payment 
under any other Bid Items will be considered to be included 
in the Bid Schedule item for Mobilization. 
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SECTION 01025 

MEASUREMENT AND PAYMENT 

PART 1 - GENERAL 

1.1 SCOPE 

A. This Specification Section covers descriptions of measurement 
and payment as they apply to this Subcontract. The 
provisions of this Section shall be supplemental to the 
requirements specified in General Provisions, General 
Conditions and Special Conditions. 

B. Measurement methods specified in the individual Sections of 
these Specifications shall govern if they differ from methods 
specified in this Section. 

c. The Subcontractor shall compute all quantities. Such 
computations shall be based upon surveys performed by the 
Subcontractor and subject to approval by the Contractor 
before any progress payments related thereto are made • 

1.2 RELATED WORK 

A. General Provisions 
Subcontractors 

Article GP-38: Payments to 

B. General Conditions - Article GC-4B: Progress Payments 

c. Section 00800 Special Conditions: Article SC-14, 
Variations in Quantities 

D. Section 01052 - Layout of Work and Surveys 

E. Section 01300 - Submittals: Schedule of Values and Progress 
Payment Schedule 

1.3 MEASUREMENT OF QUANTITIES 

A. Measurement Standards: All work to be paid for at a Contract 
price per unit of measurement will be measured in accordance 
with United States Standard Measures. A ton shall consist of 
2,000 pounds avoirdupois . 
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B. Measurement by Weight: 

1. Reinforcing steel, steel shapes, castings, miscellaneous 
metal, metal fabrications, and similar items, to be paid 
for by weight, shall be measured by scale or by handbook 
weights for the type and quantity of material actually 
furnished and used. 

2. Material to be measured and paid for by scale. weight 
shall be weighed on accurate, Contractor-approved scales, 
furnished by and at the expense of the Subcontractor. 
Use platform scales of sufficient size and capacity to 
permit the entire vehicle or combination of vehicles to 
rest on the scale platform while being weighed. 
Combination vehicles may be weighed as separate units 
provided they are disconnected while being weighed. All 
scales shall be inspected and certified as often as the 
Contractor may deem necessary to ascertain accuracy. 
Costs incurred, as a result of regulating, adjusting, 
testing, inspecting, and certifying scales, shall be 
borne by the Subcontractor. 

3 • The Contractor may be present to witness the weighing and 
to check and compile the daily record of such scale 
weights; however, in any case, the Contractor will 
require that the Subcontractor furnish weigh slips and 
daily summary weigh sheets. A duplicate weigh slip or a 
load slip for each vehicle weighed shall be delivered to 
the Contractor at the point of delivery of the material. 

4. If the material is shipped by rail, the certified car 
weights will be accepted, provided that only actual 
weight of material will be paid for and not minimum car 
weight used for assessing freight tariff. Car weights 
will not be acceptable for material to be passed through 
mixing plants. 

5. Trucks used to haul material being paid for by weight, 
shall be weighed empty daily and at such additional times 
as the Contractor may require. Each truck shall bear a 
plainly legible identification mark. The Contractor may 
require the weight of the material verified by weighing 
empty and loaded trucks on such other scales as the 
Contractor may designate. 

c. Measurement By Volume: 

1. Measurement by volume will be by the cubic dimension 
listed or indicated in the Bid Schedule. Method of 
volume measurement will be as specified in the applicable 
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Section of the Specifications or as determined or 
directed by the Contractor. 

2. When material is to be measured and paid for on a volume 
basis and it is impractical to determine the volume by 
the specified method of measurement, or when requested by 
the Subcontractor in writing and accepted by the 
Contractor in writing, the material will be weighed in 
accordance with the requirements specified for weight 
measurement. such weights will be converted to volume 
measurement for payment purposes. Factors for conversion 
from weight measurement to volume measurement will be 
determined by the contractor and shall be agreed to by 
the Subcontractor before such method of measurement of 
pay quantities will be accepted. 

D. Measurement by Area: Measurement by area will be by the 
square dimension listed or indicated in the Bid Schedule. 
Method of square measurement will be as determined or 
directed by the Contractor. 

E. Linear Measurement: Linear measurement will be by the linear 
dimension listed or indicated in the Bid Schedule. Method of 
linear measurement will be as determined or directed by the 
Contractor. Generally, i terns, components, or work to be 
measured will be measured at the centerline of the item in 
place • 

F. Lump-sum Measurement: 

1. Lump-sum measurement will be for the entire item, unit of 
work, structure, or combination thereof, as listed or 
indicated in the Bid Schedule. 

2. If the Subcontractor requests progress payments for lump
sum items or amounts in the Bid Schedule, such progress 
payments will be made in accordance with a Schedule of 
Values for that item as specified in Specification 
Section 01300 and Article GC-4B of the General 
Conditions. 

1.4 FIELD MEASUREMENT FOR PAYMENT 

A. The Subcontractor shall compute all quantities of Work 
performed or of materials and equipment delivered to the 
site, for payment purposes. All such computations shall be 
subject to approval by the Contractor before any progress 
payments related thereto are made • 
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B. The Contractor may, at any time, verify quantities calculated 
by the Subcontractor in accordance with the provisions of 
Section 01052 of these Specifications. 

c. The Subcontractor shall take measurements by providing all 
equipment, workers, and survey crews, as required, for 
verification of quantities by the Contractor in accordance 
with the provisions of Section 01052 of these Specifications. 

D. All such assistance in measurement services required of the 
Subcontractor, as specified, shall be performed under the 
direction and supervision of the Contractor. 

1.5 PAYMENT 

A. Payment will be full compensation for furnishing all labor, 
materials, tools, equipment, transportation, services, and 
incidentals, as specified, in Article GP-38 of the General 
Provisions and Article GC-4B of the General Conditions, and 
for performing all work necessary for completing the erection 
or installation of the item or work classification, including 
all adjusting and balancing, testing, cleaning, and all other 
incidental work. 

B. Full compensation for all expense involved in conforming to 
the requirements for measuring materials or work shall be 
considered as included in the unit or lump-sum prices paid 
for the materials or work being measured, and no additional 
compensation will be permitted therefor. 

c. When progress payments are to be made on a portion, area, or 
section of the work, that portion, area, or section of the 
work shall be clear of deficiencies and nonconforming items, 
as determined by the Contractor, prior to making a progress 
payment. 

1.6 VALUES OF UNIT PRICES 

A. The number of units and quantities contained in the Bid 
Schedule are approximate only, and final payment will be made 
for the actual number of units and quanti ties which are 
incorporated in or made necessary by the Work included in 
this Subcontract. 

B. In the event that work and/or materials or equipment are 
required to be furnished to a greater or lesser extent than 
is indicated by the Subcontract Drawings and Specifications, 
such work and/or materials or equipment shall be furnished in 
greater or lesser quantities, and the adjustment in unit 
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1.7 

price shall be made as specified in Article SC-14 of the 
Special Conditions • 

REJECTED MATERIALS 

Quantities of material wasted or disposed of in a manner not 
called for under the Subcontract; rejected loads of material, 
including material rejected after it has been placed by 
reasons of the failure of the Subcontractor to conform to the 
provisions of the Subcontract; material not unloaded from the 
transporting vehicle; material placed outside the limits 
indicated on the Subcontract Drawings or established by the 
Contractor; or material remaining on hand after completion.of 
the Work, will not be paid for, and such quantities shall not 
be included in the final total quantities. No compensation 
will be permitted for loading, hauling, and disposing of 
rejected material. 

PART 2 - PRODUCTS 

(Not Used} 

PART 3 - EXECUTION 

(Not Used} 

PART 4 - MEASUREMENT AND PAYMENT 

4.1 MEASUREMENT 

Separate measurement for payment will not be made for work 
required under this Section. 

4.2 PAYMENT 

Separate payment will not be made for work required under 
this Section. All costs in connection with the work 
specified herein will be considered to be included in the 
related item of work in the Bid Schedule, or incidental to 
the Subcontract. 
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SECTION 01052 

LAYOUT OF WORK AND SURVEYS 

PART 1 - GENERAL 

1.1 SCOPE 

A. This Specification Section covers the procedures and accuracy 
requirements for survey services for the following: 

1. Layout and performance of Work 

2. Field measurement of work quantities. 

3. Locations of sampling and testing performed by the 
Contractor. 

4. Determination of as-built locations, lines, and grades at 
completion of the work for preparation of as-built 
drawings as specified in Section 01300. 

B. Before commencing any layout of work and surveys, the 
Subcontractor shall give the Contractor five working days 
written notice in advance so that the Contractor may witness 
such work . 

1.2 DESCRIPTION 

A. Reference Points: The reference points to be provided by the 
Contractor will include referenced monuments and elevation 
bench marks in the vicinity of the project. Initial 
reference points will be furnished and established by the 
Contractor. Replacement by the Contractor of Contractor
established reference points which have been damaged or 
destroyed by the Subcontractor will be charged to the 
Subcontractor at a rate of $150 per hour. All other 
necessary reference points shall be established by the 
Subcontractor. 

B. The Subcontractor shall furnish all necessary detail surveys 
including all lines, grades, and appropriate surveys as 
specified. 

c. The Contractor reserves the right to perform any desired 
checking and/or correction of the Subcontractor's surveys but 
this shall not relieve the Subcontractor of responsibility 
for the adequate performance of the work . 
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D. Equipment and Personnel: The Subcontractor's instruments and 
other survey equipment shall be accurate, suitable for the 
surveys required in accordance with recognized professional 
standards, and in proper condition and adjustment at all 
times. A competent surveyor shall perform the work. 

E. 

F. 

1.3 

1.4 

Field Notes and Records: The Subcontractor shall record 
surveys in duplicate page field notebooks. The original 
pages of such records shall be furnished to the Contractor at 
intervals required by the Contractor. A duplicate of each 
field notebook shall be furnished to the Contractor when 
filled or completed or to meet the requirements of Article 
GC-4, Progress Payment. 

Use by the Contractor: The Contractor may at any time use 
line and grade points and markers established by the 
Subcontractor. The Subcontractor's surveys are a part of the 
Work and may be checked by the Contractor or representatives 
of the Contractor at any time. The Subcontractor shall be 
responsible for any lines, grades, or measurements which do 
not comply with specified or proper tolerances, or which are 
otherwise defective, and for any resultant defects in the 
Work. The subcontractor will be required to conduct re
surveys or check surveys to correct errors indicated by 
review of the field notebooks or otherwise detected. 

SURVEYS FOR LAYOUT AND PERFORMANCE OF WORK 

The Subcontractor shall perform all surveys for layout and 
performance of the Work, and shall reduce the field notes and 
make all necessary calculations and drawings necessary to 
carry out the Work. 

SURVEYS FOR MEASUREMENT FOR PAYMENT 

When the Specifications or the Contractor require Bid 
Schedule items of work to be measured by surveying methods, 
the Subcontractor shall perform the surveys. All such 
surveys, including control surveys run for establishing the 
measurement reference lines, shall be performed and recorded 
in duplicate field survey notebooks. The Subcontractor shall 
reduce the field notes and calculate final quantities for 
payment purposes. A duplicate of the note reductions and 
calculations shall be given to the Contractor. original 
field survey notebooks shall be submitted upon request or 
when notebooks are completely filled, and become the property 
of the Contractor • 
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1.5 SURVEYS FOR CONTRACTOR SAMPLING AND TESTING LOCATIONS 

A. The Subcontractor shall perform surveying services as 
specified herein for the locations of Contractor sampling and 

B. 

c. 

D. 

E. 

1.6 

testing. · 

Materials Sampling and Testing: The Subcontractor shall 
provide surveying services to locate positions, both plan and 
elevation, of in-place material sampling and testing 
locations used by the Contractor. The number of sampling and 
testing locations will be determined by the associated 
Specification Section. 

The Subcontractor shall mark sampling locations ic~ 
radiologic samples in the tailings embankment at locations 
shown on the Drawings and as specified herein. As 
contaminated materials are placed in the uppermost 20 feet of 
contaminated materials, the Subcontractor shall mark each 
location at each 2-foot increment of elevation. 

All sampling and testing location information shall be 
submitted in writing to the Contractor showing coordinates 
and elevations. 

The Subcontractor shall assist the Contractor in the 
radiological survey by establishing a 150 foot x 150 foot 
survey grid in excavated contaminated areas • 

SURVEYS FOR AS-BUILT CONDITIONS 

A. The Subcontractor shall provide surveying services for 
as-built conditions as specified herein. 

B. The Subcontractor shall provide survey data to confirm that 
as-built locations of the Work conform to the Subcontract 
Drawings where coordinates and/or elevations are shown. 

c. Where the Subcontract Drawings or Specifications permit 
variable locations or detail for specific items of the Work, 
the Subcontractor shall survey the as-built locations or 
details. Surveys shall be sufficient to define the features 
or details at any given location. 

D. The Subcontractor shall survey as-built elevations, at each 
location as directed by the Contractor for radiologic 
sampling of the tailings embankment, for the as-built 
finished top surface of the following: 

1. contaminated materials 
2. Radon barrier 
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3. Bedding 
4. Riprap 

E. The Subcontractor shall survey as-built locations of all 
slope breaks for the tailings embankment and site grading. 

F. The Subcontract Drawings shall be neatly marked in red ink 
with all as-built survey information and submitted to the 
Contractor in duplicate. 

G. The requirements for submitting as-built survey data shall 
not relieve the Subcontractor in any way from his 
responsibility to conform to the requirements of the Work. 

1.7 SURVEYING FOR DISPLACEMENT MONUMENTS 

A. Displacement monuments shall be surveyed immediately 
following installation and thereafter on a weekly basis. 
Existing displacement monuments shall be surveyed immediately 
following mobilization and thereafter on a weekly basis. The 
Subcontractor shall report the coordinates and elevation of 
the top of the 3/4-inch steel rod and the top of the 1-1/2 
inch steel pipe as shown on the Subcontract Drawings and in 
the Information for Bidders. 

B. For displacement monuments having total lengths of steel rod 
and steel pipe greater than 5 feet, the Subcontractor shall 
survey the top of the steel rod and steel pipe immediately 
prior to and following installation at each segment of steel 
rod or steel pipe during construction, as specified in 
Article 1.7.A. 

c. The top of steel pipe shall be surveyed at the same location 
on the diameter of the pipe for each measurement. 

D. Displacement monuments shall be surveyed immediately 
following any disturbance to any displacement monument. 

1.8 SURVEYING ACCURACY AND TOLERANCES IN LAYOUT OF WORK 

A. Tolerances in layout of Work shall not exceed the following: 

Type of Line or Mark Horizontal Position Elevation 

Permanent reference points 
and displacement monuments 1 in 10,000 + .01 ft. 

Reference points for 
general excavation and 
earthwork 1 in 2,000 ± .10 ft • 
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B. Tolerances for designed thicknesses shown on Subcontract 
Drawings with the exception of erosion protection materials, 
and for elevations shown on the Subcontract Drawings shall be 
+ 0.10 foot. Tolerances for erosion protection material 
thickness are specified in Section 02278. 

C. These tolerances shall not supersede stricter · tolerances 
required by the Drawings or Specifications, or by the 
governing authorities, and shall not otherwise relieve the 
Subcontractor of responsibility for measurement in compliance 
therewith. 

PART 2 - PRODUCTS 

(Not Used) 

PART 3 - EXECUTION 

(Not Used) 

PART 4 - MEASUREMENT AND PAYMENT 

4.1 MEASUREMENT 

Separate measurement for payment will not be made for work 
required under this Section. 

4.2 PAYMENT 

Separate payment will not be made for work required under 
this Section. All costs in connection with the work 
specified herein will be considered to be included in the 
related item of work in the Bid Schedule, or incidental to 
the Subcontract. 
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SECTION 01300 

SUBMITTALS 

PART 1 - GENERAL 

1.1 DESCRIPTION 

A. This Specification Section describes the requirements for the 
following submittals: 

1. Technical Submittals: 
a. Schedule of Technical Submittals 
b. Shop Drawings 
c. Samples 
d. Product Data 
e. Certificates of Compliance 
f. Manufacturer's Instructions 
g. Design Calculations and Design Drawings 
h. Winter Shutdown Plans 
i. Drawings Showing Lines and Grades and Survey Data 

for Conditions at Completion of Construction 
(As-Built) 

j. Erosion Protection Materials Production Plan 
k. Proactive Dust Suppression Plan 
1. Operations Plan for each Decontamination Facility 

2. General Submittals: 

3. 

HAT-MON 

a. Schedule of General Submittals 
b. Site Mobilization Schedule 
c. Project Construction Schedule 
d. Schedule of Values/Cost Profile 
e. Hazard Communications Plan 
f. Safety Plan 
g. Traffic Plan 
h. Waste Minimization and Recycling Plan 
i. Spill Prevention, Control and Countermeasure Plan 
j. Hazardous Waste Operations, Site Safety and Health 

Plan 
k. Monthly Report Detailing Costs in the Event of a 

Suspension or Termination 

Submittals Not Requiring Contractor's Approval: 
a. 
b. 

c. 
d. 

e . 

Weekly Status Reports 
Weekly Manhour Reports/Equipment and 
Report/Maintenance Report 
Certified Payroll 
Monthly Construction Schedule and 
Values, Progress Updates 
Labor and Equipment Rates 
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B. The requirements specified in this Section shall be 
supplemental to the requirements specified in General 
Provisions, General Conditions, Special Conditions and any 
other requirements specified in individual sections. 

c. All submittals shall be in the English language, and signed 
by the Subcontractor's Site Manager or designee. 

D. The Subcontractor shall submit all submittals to the Site 
Manager. A reproducible copy of the submittal, marked 
"Information Only," shall be sent to the Subcontract 
Administrator by the Subcontractor. 

E. Technical and General Submittals shall be numerically 
serialized by type, Technical Submittal with a "T" prefix 
(T-1, T-2, T-3, etc.) and General Submittals with a "G" 
prefix (G-1, G-2, G-3, etc.). 

F. The Site Manager will clearly label the submittals as follows 
and return to the Subcontractor: 

1. Approved 
2. Approved as Noted 
3. Revise and Resubmit 
4. Rejected 
5. Information Only 

G. When submittals are returned marked with either "Revise and 
Resubmit" or "Rejected" the Subcontractor shall make such 
revisions and corrections as required and resubmit the 
submittal with the same submittal number followed by R1 
(Revision One). Example: T-5- R1. 

1.2 TECHNICAL SUBMITTALS 

A. Schedule of Technical Submittals: 

1. The Subcontractor shall prepare and submit a Technical 
Submittals Schedule listing all technical submittals 
required in accordance with this Section. The Technical 
Submittals Schedule shall be submitted at the 
preconstruction meeting. 

2. The Technical Submittals Schedule shall separate 
submittals by major specification section. This schedule 
shall include submittal delivery dates, required return 
dates, material delivery dates, and other pertinent data 
which may be required to ensure that the project schedule 
is met by the Subcontractor. 

3. This Schedule shall be continually updated to reflect 
progress and any additions or deletions to the submittal 
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B. 

schedule. Copies of the updated schedule shall be 
furnished to the Contractor during the first week of each 
calendar month. 

Shop Drawings: 

1. Shop drawings shall establish the actual detail of all 
manufactured or fabricated items, indicate proper 
relation of adjoining work, and incorporate minor changes 
of design or construction to suit actual conditions. 
Shop drawings shall be drawn to scale and shall be 
completely dimensioned. 

2. Sheet sizes of shop drawings shall be 8 1/2 inches x 11 
inches, 11 inches x 17 inches, or 22 inches x 34 inches. 

3. A clear space of 3 inches x 3 inches shall be provided on 
each drawing for the Contractor's review stamp and 
comments. 

4. Shop drawings shall be submitted to the Contractor in the 
form of a reproducible transparency, together with three 
blackline or blueline prints. 

5. After the Contractor has completed his review of shop 
drawings, he will return one print to the Subcontractor 
indicating the approval status as described in Article 
l.l.F . 

6. The Contractor will review and generally return shop 
drawings within ten days of receipt by the Site Manager 
but in no case will this process take longer than 30 
days. 

c. Samples: 

1. The Subcontractor shall furnish the Contractor at least 
three samples of each of the various materials, together 
with the finish thereon, as specified for and intended to 
be used on or in the work. Samples shall be sent to the 
Contractor. 

2. The Subcontractor shall submit all samples to the 
Contractor at least 30 days (or earlier if so specified 
elsewhere) before purchasing, fabricating, applying, or 
installing such materials and finishes, unless otherwise 
stated. The Contractor will review the samples for 
visual aspects such as kind, color, pattern, and texture, 
and will approve or ask for resubmittal of samples 
generally within 10 days. All approvals of samples will 
be given by the Contractor in writing • 
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3. Unless otherwise specified in the various sections of 
these specifications, the Subcontractor shall submit all 
samples, other than field samples, in triplicate. A 
cover letter shall accompany the sample and shall list 
all items being transmitted, designating their particular 
usage and location in the project. 

4. Each sample shall be identified completely as to product, 
color, manufacturer, trade name, lot, style, model, 
location of use, and Subcontract Document reference, as 
well as the names of the Subcontractor, Supplier, Project 
and Contractor. 

5. Samples shall be submitted and resubmitted until approved 
as satisfactory. Approval of a sample shall not be taken 
in itself to change or modify any Subcontract 
requirement. 

6. After the Contractor has performed his review and 
analysis of samples, two samples will be retained and the 
remaining sample will be returned to the Subcontractor, 
with the Contractor's comments. 

7. All materials, color, pattern and texture in the 
completed building or structure shall be equal in every 
respect to that of the approved samples. 

8. Test samples, as designated by the Contractor, may also 
be selected from the materials or equipment delivered by 
the Subcontractor to the site for use in the work. If 
any test sample fails to meet the specification 
requirements, such materials or equipment which fail the 
testing, shall be removed and replaced by the 
Subcontractor with materials or equipment meeting the 
Specification requirements. 

9. Field samples shall be prepared at the site by the 
Subcontractor in the manner and number as specified in 
these specifications. Affected finish work shall not be 
commenced until the Contractor has approved the field 
samples, in writing. 

D. Product Data: 

1. Each copy shall be marked to identify appl~cable 
products, models, options, and other data; manufacturers' 
standard data shall be supplemented to provide 
information unique to the work • 
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2. The Subcontractor shall submit the number of copies which 
the Subcontractor requires to be returned, plus two 
copies which will be retained by the Contractor. 

E. Certificates of Compliance: The Certificate shall clearly 
identify the applicable materials and reference the 
applicable Sections of the Subcontract Documents. 

F. Manufacturer 1 s Instructions: When required by the 
manufacturer 1 s warranty requirements, the Subcontractor shall 
submit manufacturer 1 s printed instructions for deli very, 
storage, shelf life, assembly, installation, adjusting, and 
finishing. 

G. Design Calculations and Design Drawings: 

1. Design Calculations: When requested by the Contractor, 
design calculations shall be submitted to the Contractor 
for review with all pertinent data, assumptions, 
objective, criteria, applicable codes, standards and 
references. The calculations shall be on 8-1/2 by 
11-inch or 11 by 17-inch sheets. Each design calculation 
set shall bear page numbers, titles, revision numbers, 
date and calculation number. Where multiple number of 
items are designed in a particular system, the 
calculations shall be preceded by a table of contents. 

2. Design Drawings: 

a. When requested by the Contractor, design drawings 
shall be submitted to the Contractor for review. 

b. Pertinent requirements of Article 1. 2. B of this 
Section shall be applicable for submittal of design 
drawings. 

H. Winter Shutdown Plans: A separate mandatory winter shutdown 
plan will be required each year covering the period from 
December 1 through February 28 during which time there will 
be no site work. As specified in Section 01500, all 
facilities and utilities will be insta1led and maintained 
providing uninterrupted service throughout these shutdown 
periods. The plans shall include grading modifications to 
drawings, product data and a narrative of the steps the 
Subcontractor will take to address the following subjects: 

1. Erosion from wind and water runoff of both contaminated 
and uncontaminated areas. 

2. Slope protection . 
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3 • 

4. 

5. 

6. 

7. 

8. 

Temporary ditching. 

Grading of excavations and embankments to drain. 

Segregation of contaminated and non-contaminated runoff. 

Reduction of water in the retention ponds to allow for 
spring snow melt. 

Protection of all equipment and piping from damage due to 
freezing. 

Other items may be required by the Contractor such as 
personnel and equipment to maintain access and to prepare 
for emergency situations. 

I. Drawings Showing Lines and Grades and Survey Data for 
Conditions at Completion of Work {As-Built): The 
Subcontractor shall prepare and submit at completion of work 
drawings showing lines and grades {as-built) and survey data 
for as-built conditions as specified in Section 01052. 

J. Erosion Protection Materials Production Plan: See Section 
02278, Article 1.6. 

K. 

L. 

Proactive Dust Suppression Plan: See Special conditions, 
Article SC-3.D . 

Operations Plan for Each Decontamination Facility: See 
Section 01500, Article 1.15.G. 

1.3 GENERAL SUBMITTALS 

A. Schedule of General Submittals: The Subcontractor shall 
prepare and submit a Schedule of General Submittals listing 
all General Submittals required in accordance with the 
requirements of this Section. The Subcontractor shall 
prepare and make the initial submittal at the preconstruction 
meeting of all General Submittals required. 

B. Schedules and Reports: 

1. The Subcontractor shall prepare and submit Schedules and 
Reports in accordance with the requirements of this 
Section. 

2. 
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a. Assurance to the Contractor that the finished work 
complies accurately with the Subcontract Documents, 

b. A basis for determining the progress of the work, 
and 

c. A basis for the Contractor's internal planning 
activities. 

[ 3. Within fifteen calendar days after Notice to Proceed, the 
Subcontractor shall provide the Contractor with initial 
copies of the General Submittals specified in this 
Section. If the CPM Project Construction Schedule is 
generated by computer, a copy of all schedule submittals 
shall also be provided on 3-1/2-inch floppy disks. The 
specific format for the floppy disk files will be 
approved by the Contractor following subcontract award. ] * 

4. The schedules shall be in a reproducible form and all of 
the same scale or may be combined as approved by the 
Contractor. 

5. Unless otherwise specified, the schedules shall be 
presented in graphic format and shall be updated for each 
construction meeting, or at least monthly, and 
transmitted to the Contractor. 

6. The Subcontractor shall obtain approval of the various 
schedules specified in this Section before submitting the 
first application for payment. Schedule revisions also 
require Contractor approval. 

c. Site Mobilization Schedule: 

1. Format: The Subcontractor shall present, at the 
preconstruction meeting, the schedule for Phase I Site 
Mobilization in bar chart format. The schedule for Phase 
I Mobilization shall delineate the establishment of the 
construction facilities identified in Section 01500 and 
as referenced in Section 01019. 

[2. Written Narrative: The Site Mobilization Schedule shall 
be accompanied by a written narrative discussion of the 
schedule. The narrative shall provide transportation 
routes proposed for delivery of major construction 
equipment to be used on the project, identification of 
special permits required and when they are needed, and a 
description of the temporary facilities to be provided.]* 

* P.I.D. 09-S-15 
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3. Status and Progress: The status of mobilization schedule 
items shall be reported in the Weekly Status Report 
discussed below. 

D. Project Construction Schedule: 

[1. Scheduling: A preliminary issue of the Project 
Construction Schedule shall be prepared for review at the 
pre-construction meeting. Fifteen days after receipt of 
Notice to Proceed the Subcontractor shall submit the 
Project Construction Schedule for approval and submit the 
approved Project Construction Schedule ten days after 
receipt of approval and comments from the Contractor.]* 

2. Format: The Project Construction Schedule shall consist 
of the following items, each compatible with the other 
and developed from the same basis: 

a. Method of Construction Narrative 

[b. CPM Schedule: A time scaled Critical Path Method 
(CPM) Schedule which depicts proper restraints, 
activity durations, total float and free float for 
each schedule activity including a predecessor
successor report and logic diagram.]* 

c. Critical Milestone Dates as listed below • 

1) Start/complete mobilization (Phase I) at Hat 
Disposal Site and Mon Processing Site. 

2) Installation of temporary facilities, utilities 
and controls. 

3) Start/complete mobilization (Phase II) at Hat 
Disposal Site and Mon Processing Site. 

4) Start/complete transportation of demolished 
materials, debris and rubble from Mon Processing 
Site to Hat Disposal Site. 

5) Start/complete excavation and transportation of 
tailings and other contaminated materials from 
Mon Processing Site to Hat Disposal Site. 

6) Start/complete site 
Processing Site. 

restoration at Mon 

* P.I.D. 09-S-15 
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7) Start/complete mobilization (Phase III) at Hat 
Disposal Site. 

8) Start/complete excavation and transportation to 
disposal embankment of contaminated materials 
from Hat Disposal Site. 

9) Start/complete construction of radon barrier at 
the disposal embankment. 

10) Start/complete grading for permanent ditches and 
gullies. 

11) start/complete transportation and placement of 
erosion protection materials at Hat Disposal 
Site. 

12) Start/complete site restoration at Hat Disposal 
Site. 

13) start/complete demobilization. 

d. Schedule of Values 

3 . Method of Construction: Method of construction submitted 
at the preconstruction meeting with the preliminary 
schedule shall be a written discussion of the 
Subcontractor's methods for completing the work. The 
Subcontractor shall briefly describe his approach to the 
Subcontract. 

4. The Use of Schedule Float: In as much as the 
Subcontractor's Schedule represents the Project 
Construction Schedule, the calculated float for an 
activity is shared by the Subcontractor and Contractor. 
Adjustments to the schedule float will be equitably 
resolved by the Contractor. 

5. Computer Generated Schedule: The Subcontractor may 
generate the CPM Schedule manually or by using a 
computer. The CPM Schedule shall include all significant 
items of Work. The Schedule shall identify any 
interruption of work activities due to winter shutdown as 
applicable. 

6. Comments Incorporated: The Subcontractor shall 

HAT-MON 
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7. Revisions made to the schedule shall be given a new 
revision number and submitted to the Contractor for 
approval. A written narrative shall accompany any 
changes to the logic and/or durations of the Construction 
Schedule. This narrative shall explain in detail what 
the change involves, the reason for the change, and any 
effect to the critical path of the schedule. 

E. Schedule of Values/Cost Profile: 

[1. Each time a construction schedule is submitted, it shall 
be accompanied by a Schedule of Values for the entire 
Scope of Work. The Schedule of Values shall conform to 
the format sample (01300-A) provided with this Section. 
The Schedule of Values shall be based upon that specific 
revision of the Construction Schedule, and presented in 
such a format to clearly provide total period and 
cumulative cost information for each month for the entire 
duration of the Subcontract. This Schedule of Values 
shall be in a form which will provide a correlation 
between the subcontract bid items and the Subcontractor 1 s 
schedule activities.]* 

2. The format and the substance of the finalized Schedule of 
Values shall be as approved by the Contractor. 

F. Hazard Communications Plan: See Section 008 oo, Article sc-7 . 

G. Subcontractor 1 s Safety Plan: See Section 00800, Article 
SC-7. 

H. Traffic Plan: See Section 00800, Article SC-7. 

I. Waste Minimization and Recycling Plan: See Section 01560, 
Article 1. 6. B. 5. 

J. Spill Prevention Control and Countermeasure Plan: See 
Section 01560, Article 1.6.B.4. 

K. Hazardous Waste Operations, Site Safety and Health Plan: See 
Section 00800, Article SC-7. 

[Text Deleted]* 

1.4 SUBMITTALS NOT REQUIRING CONTRACTOR APPROVAL 

A. The Subcontractor shall furnish the following submittals for 
information only. These submittals will not be approved and 
returned to the Subcontractor. 

* P.I.D. 09-S-15 
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1. Weekly Status Reports: The Subcontractor shall submit a 
Weekly Status Report to the Contractor by Thursday noon • 
The report shall be on a form satisfactory to the 
Contractor, and shall include items such as a Summary of 
Work completed and a Two-Week Look Ahead Bar Chart. 
Weekly status Report shall also include each major piece 
of equipment present on the site, its make, model, type, 
number of hours idle, number of hours used, etc. as 
required by the Contractor. 

2. Weekly Manhour Report/Equipment and Truck Hours 
Report/Maintenance Report: The Subcontractor shall 
tabulate total manhours worked each week with a regular 
and overtime total, equipment hours of operation and 
truck miles driven each week, listing all data for 
Subcontractor and lower-tier subcontractor operations. 
The tabulations shall be prepared and submitted weekly to 
the Contractor. The Maintenance Report shall be 
submitted to the Contractor monthly as follows: 

a. Preventative Maintenance: 

b • 

# Items Completed within Monthly Schedule 

# Items Not Completed within Monthly Schedule 

Corrective Maintenance: 

# Number of Corrective Work Requests During 
Month 

# Number of Corrective Work Requests Open at 
End of Month 

3. Certified Payrolls: Certified Payrolls shall be 
submitted in strict compliance with Section 10 of 
MK-Ferguson Company Standard Documents Package for 
proposed construction subcontracts. 

[ 4. Monthly Construction Schedule Progress Updates: The 
Subcontractor shall submit an updated- schedule, with the 
critical Milestones clearly identified, by the first of 
each month. The status of the CPM Schedule shall 
indicate percent complete by activity, remaining duration 
of in-progress activities, total float and free float for 
each schedule activity. If the CPM Project Construction 
Schedule is generated by computer, a copy of all schedule 
submittals shall also be provided on 3-1/2-inch floppy 
disks as well as in a reproducible form. The specific 
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5. 

[6. 

format for the floppy disk files will be approved by the 
Contractor following subcontract award.]* 

Labor and Equipment Rates: The Subcontractor shall 
submit labor and equipment rates as stipulated in 
Subcontractor Labor and Equipment Rates of the Special 
Conditions. 

Monthly Report Detailing 
Suspension or Termination: 
SC-17.G and H.]* 

Costs in the Event of a 
See Section 00800, Articles 

PART 2 - PRODUCTS 

(Not Used) 

PART 3 - EXECUTION 

(Not Used) 

PART 4 - MEASUREMENT AND PAYMENT 

4.1 

4.2 

MEASUREMENT 

Separate measurement for payment will not be made for work 
specified in this Section. 

PAYMENT 

Separate payment will not be made for work specified in this 
Section. All costs in connection therewith shall be 
considered to be incidental to the applicable items of work 
to which they pertain. 

END OF SECTION 01300 

* P.I.D. 09-S-15 
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SECTION 01500 

CONSTRUCTION FACILITIES 

PART 1 - GENERAL 

1.1 SCOPE 

A. This Specification Section covers the requirements for the 
construction facilities. 

B. Construction facilities shall include, but not be limited to, 
the following temporary offices, utilities, equipment, 
materials and services: 

1. Subcontractor's Office 
2. Contractor's Offices 
3. Parking Areas 
4. Janitorial Services 
5. Snow Removal Services 
6. Temporary Roads 
7. Storage of Materials and Equipment 
8. Construction Equipment 
9. Temporary Sanitary Facilities 
10. Temporary Electric Power 
11. Temporary Water 
12. Decontamination system 
13. Temporary Heat 
14. Temporary Telephone Service 
15. Temporary Fences 

c. Construction facilities shall also include the permanent 
crossing at Gypsum Wash. 

D. The Subcontractor shall be responsible for furnishing, 
installing, constructing, operating, maintaining, removing 
and disposing of the facilities as shown on the Subcontract 
Drawings, as specified in this Specification, and as required 
by the contractor for the completion of the Work under the 
Subcontract. 

E. All such temporary facilities shall be located as shown on 
the Subcontract Drawings, or as directed, and maintained in 
a clean, safe and sanitary condition at all times until 
completion of the Subcontract. 

F. Upon completion of the Subcontract, the temporary facilities 
shall be left in the status specified in Article 1.21 of this 
Section . 
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G. The requirements specified herein are in addition to any 
requirements specified elsewhere in the Subcontract 
Documents. Temporary facilities shall meet the requirements 
for all-weather service. 

H. Certain facilities specified in this 
referred to in singular, may be required 
The number of facilities required shall 
Subcontract Drawings. 

Section, although 
in greater numbers. 
be as shown on the 

I. All utilities shall be designed and constructed to provide 
uninterrupted service during winter. The nearest utilities 
are located in Halchita, Utah. There, the Navajo Tribal 
Utility Authority provides domestic water, sanitary sewage 
collection service and electricity, and the Navajo 
Communications Company, Inc. provides telephone service. The 
domestic water system is a complete water-treatment facility 
on the San Juan River just north of Halchita. It has a 
production capacity of 0.43 million gallons per day and a 
storage capacity of 125, ooo gallons. The sewer system 
consists of two lagoons, only one of which is currently 
utilized at less than full capacity. There is no natural gas 
service in the nearby area, but bottled propane service is 
available from Doxol Propane in Kayenta, Arizona. 

J. All land disturbances related to the temporary facilities 
shall be minimized to the greatest extent possible and the 
land restored to the extent reasonable and practical, to its 
original contours by grading to provide positive drainage 
and, where required, by seeding the area to match with 
existing vegetation. 

1.2 RELATED WORK 

A. Section 00800 - Special Conditions 

B. Section 01019 - Mobilization 

c. Section 01560 - Temporary Controls 

D. Section 02050 - Demolition 

E. Section 02200 - Earthwork 

1.3 APPLICABLE PUBLICATIONS 

A. The Publications listed below form a part of this 
Specification to the extent referenced. The Publications are 
referred to in the text by the basic designation only: 
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1. UMTRA Project Construction Environment, Safety and Health 
Management Program (MK-UMTRA-4) 

2. Arizona Highway Department: "Standard Specifications", 
as applicable. 

3. State of Utah, Standard Specifications for Road and 
Bridge Construction, 1979 Edition and Subsequent 
Revisions, as applicable. 

4. Uniform Building Code (UBC): 
1988 Edition, applicable Chapters and Sections. 

5. National Fire Protection Association 
applicable. 

(NFPA), as 

6. Occupational Safety and Health Administration {OSHA), as 
applicable. 

7. Code of Federal Regulations, Title 29, Part 1926: Safety 
and Health Regulations for Construction. 

B. All required facilities, equipment and utilities shall also 
be constructed/installed, maintained and operated in 
accordance with applicable Federal, Navajo Nation, State, 
county, and Utility laws, rules, and regulations. 
Notwithstanding contrary provisions of General Provisions, 
General Conditions and Special Conditions, nothing in the 
Subcontract Drawings and Specifications shall be construed to 
permit work not conforming to the above. 

c. Unless otherwise specified elsewhere in the Subcontract 
Documents, the Subcontractor shall be responsible for 
obtaining applicable Federal, Navajo Nation, State and County 
permits and for complying with the provisions of such 
permits. 

1.4 SUBCONTRACTOR'S TEMPORARY OFFICE TRAILER(S) 

A. Subcontractor shall furnish and install, in good condition, 
one or more temporary office trailer(s) of suitable sizes for 
himself and his office staff. 

B. The location of the trailer(s) shall be approved by the 
Contractor prior to setting in place . 
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1.5 CONTRACTOR'S TRAILERS 

A. The Subcontractor shall furnish and install the following 
trailers for the Contractor's staff: 

1. Contractor's Office Trailer at the Monument Valley Site: 
720 square feet (12ft. x 60ft.). 

2. Access Control Trailers: 

a. The trailers will be used by the Contractor's 
administrative, security and Health Physics 
personnel. Each trailer shall include decontami
nation facilities including change facilities for 
all personnel working on the site, a single shower 
for occasional use by all personnel, a sink, and 
provisions for a washer and dryer, including 
plumbing and electrical services. All waste water 
shall drain directly to the recirculation pond. The 
Subcontractor shall provide two trailers, one at 
each of the sites. 

b. Each trailer shall provide a floor space of 720 
square feet (12 ft. x 60 ft.) and generally follow 
the arrangement shown in the Information for 
Bidders. 

3. Quality Control Trailer: 

a. The trailer will be used as a laboratory for testing 
of construction materials, and shall be located at 
the Mexican Hat site. 

[b. The trailer shall provide a floor space of 720 
square feet (12 ft. x 60 ft.) and generally follow 
the arrangement shown in the Information for 
Bidders.]* 

4. Meeting and Training Room Trailer: 

a. The trailer shall be used by the Contractor for 
required Health and Safety training for all person
nel and shall be located at the Mexican Hat site. 

b. The trailer shall provide a total floor space of 720 
square feet (12 ft. x 60 ft.) which includes a 180 
square foot (12 ft. x 15 ft.) office at one end, and 
generally follows the arrangement shown in the 
Information for Bidders. 

* P.I.D. 09-S-15 
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5. Change Facilities Trailers: 

a. The trailers shall be used by the Contractor to 
provide changing facilities for all personnel. The 
facilities shall include a 144 square foot (12 ft. x 
12 ft.) changing and personal storage areas at each 
end. The central area shall contain at least 200 
locker cubicles, each 12 inches x 12 inches x 16 
inches deep along the walls. The Subcontractor 
shall provide two trailers, one at each site. 

b. The trailers shall provide a total floor space of 
720 square feet (12 ft. x 60 ft.), and generally 
follow the arrangement shown in the Information for 
Bidders. 

B. The Contractor's office trailer and Subcontractor's office 
trailers shall be located inside the fenced Contractor's 
office area at each site. One access control trailer shall 
be located at the decontamination area at the upper access 
control area at Mexican Hat. The other access control 
trailer shall be located at the decontamination area at 
Monument Valley. The quality control trailer shall be 
located at the lower access control area at Mexican Hat. The 
meeting and training room trailer shall be located inside the 
fenced Contractor's office area at the Mexican Hat site. The 
decontamination trailers shall be located at each site within 
the site fence near the access control trailers. Final 
location of the trailers shall be as approved by the 
Contractor. 

c. Each trailer shall be provided with running water and power, 
and shall be properly lighted and temperature conditioned for 
summer and winter use. Wash basins and toilets shall be 
connected to sanitary facilities specified in Article 1.12. 

D. Each trailer shall be equipped with steps, stoops, 
handrailings, a deck at the door sill level, skirting all 
around the trailer, and trailer tie-downs. 

E. The Subcontractor shall furnish and install the trailers on 
site no later than 20 calendar days after Notice to Proceed. 

1.6 PARKING AREAS 

A. No personal vehicles will be permitted inside the 
construction -work ar¢a. Vehicles used for construction 
purposes will be allowed inside the work area, but will be 
monitored for radioactive contamination at the access gate or 
control point before leaving the area . 
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B. An aggregate based parking area for Contractor and 
Subcontractor's representatives, visitors and maintenance and 
delivery vehicles exists within the fenced Contractor's 
off ice area at each site. Parking for Subcontractor's 
laborers and workers and others shall be near the access 
control gate outside the fenced area. At the Mexican Hat 
site, the parking for Subcontractor's laborers and workers 
shall only be at the upper access control area. 

c. Any additional parking required shall be the responsibility 
of the Subcontractor and subject to the Contractor's 
approval. 

1.7 JANITORIAL AND MAINTENANCE SERVICES 

A. The Subcontractor shall provide daily 
janitorial services including, but not 
following for all Contractor's trailers, 
and the access control area: 

maintenance and 
limited to, the 

toilet facilities 

1. sweep, vacuum, mop, and, if required, polish floors. 

2. Clean toilets, doors and windows, office furniture. 

3. Collect and dispose of office and yard solid waste. 

4. Furnish toilet paper, hand towels, soap, cups, napkins, 
light bulbs, etc. 

5. Operate and maintain trailer services including, but not 
limited to, the water supply and wastewater collection 
systems; heating, ventilating and air-conditioning 
system; and lighting and security systems, including 
doors, windows, steps, floors and lighting fixtures. 

6. Janitorial and maintenance services shall be provided 
throughout the term of the Subcontract. 

1.8 SNOW REMOVAL SERVICES 

A. The Subcontractor shall provide snow removal services in the 
following areas throughout the term of the Subcontract: 

1. Walkways to the office trailers, 

2. Parking areas, 

3. Equipment and material storage areas, and 

4. Access roads to site facilities as necessary . 
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1.9 TEMPORARY ROADS 

A. Temporary roads as defined in Article sc-1 of the Special 
Conditions shall include, but not be limited to, the 
following. The design, construction and maintenance shall 
meet the requirements of this Article. 

1. Existing Indian Service Route 6440 connecting the 
Monument Valley and Mexican Hat sites which shall also be 
used as an access or haul road. The road is 
approximately 16-1/2 miles long and 40 feet wide. It 
crosses several drainage courses. Existing culverts 
shall be maintained. Part of the existing alignment 
follows a winding course. The roadway is utilized by 
local residents. Prior to hauling contaminated materials 
from Monument Valley, the Subcontractor shall complete 
the permanent crossing at Gypsum Wash. 

2. Existing Monument Valley site bypass road as shown on the 
Subcontract Drawings. The bypass road is at least 12 
feet wide. 

3. New access road from u.s. Highway 163 to the Mexican Hat 
upper access control area. 

4. Existing access road from U.S. Highway 163 to the Mexican 
Hat lower access control area . 

5. Maintenance of the existing Halchita bypass road from 
Indian Service Route 6440 to the upper access control 
area at Mexican Hat. 

[Text Deleted]* 

B. Construction shall be coordinated with and shall be as 
approved by the Contractor. 

c. The improvements shall conform to the provisions of the 
applicable local, Navajo Nation, federal and state agencies 
having jurisdiction. 

D. Thirty days prior to the start of any roadway work, the 
Subcontractor shall submit, for review and approval, improve
ment drawings to the Contractor. The drawings shall indicate 
approval by the agency having jurisdiction over such roads. 

E. The Subcontractor shall coordinate all road construction 
activities with local utilities, fire and police departments. 

* P.I.D. 09-S-15 
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F. Erosion shall be kept to a m1n1mum and suitable grades and 
radii of curves shall be maintained to facilitate ease of 
movement of vehicles and equipment. 

G. The Subcontractor shall furnish and install road signs and 
signals, and shall mark and stripe pavements if pavement is 
provided, as required, for the safe operation of vehicles. 

H. Longitudinal and cross drainage facilities including, but not 
limited to, the Gypsum Wash crossing, the ditches, 
structures, pipes and the like shall be furnished and 
installed by the Subcontractor. 

[I. Damaged sections of CMP culvert, used in the existing and 
previous crossing shall become the Subcontractor's property 
and shall be disposed of off-site. Riprap in the existing 
crossing shall be stockpiled and placed around the final 
permanent crossing to protect the approaches and structure as 
directed by the Contractor.)* 

1.10 STORAGE OF MATERIALS AND EQUIPMENT 

A. Subcontractor shall make arrangements for exterior storage 
areas for materials, equipment, and debris. Locations and 
perimeters of such facilities shall be subject to the 
approval of the Contractor . 

B. All operations of the Subcontractor, including storage of 
materials, shall be confined to approved areas. 
Subcontractor shall be liable for any and all damage caused 
by him during such use by him of property of the Contractor 
or other parties. Materials shall be stored in accordance 
with manufacturer's instructions as applicable. 

C. Subcontractor shall store construction materials and 
equipment within boundaries of designated areas. Storage of 
gasoline or similar fuels shall conform to the requirements 
specified in Article SC-7 of the Special Conditions and 
Article 1.6.B of Section 01560. 

1.11 CONSTRUCTION EQUIPMENT 

A. Subcontractor shall erect, equip, and maintain all 
construction equipment in accordance with all applicable 
statutes, laws, ordinances, rules and regulations of the 
Contractor or other authority having jurisdiction. 

* P.I.D. 09-S-15 

HAT-MON 

Document No. 3885-HM-S-01-02242-04 
Issued for Construction-Revision 1 

Construction Facilities 
01500 - 8 . 

0144S/WP51 
080392 



• 

• 

• 

B. Scaffolding, staging, runways, hoists, barricades, and 
similar equipment required for performance of the Subcontract 
shall be provided and maintained by the Subcontractor. 
Hoists or similar equipment shall be provided with operators 
and signals, as required. 

c. Subcontractor shall provide, maintain, and remove upon 
completion of the work, all temporary rigging, scaffolding, 
hoisting equipment, debris boxes, barricades around openings 
and excavations, fences, ladders, and all other temporary 
work, as required for all work hereunder unless otherwise 
directed by the Contractor. 

D. Construction equipment and temporary work shall conform to 
all the requirements of state, county, Navajo Nation, and 
local authorities, OSHA, and underwriters which pertain to 
operation, safety, and fire hazard. Subcontractor shall 
furnish and install all items necessary for conformity with 
such requirements, whether or not called for under the 
separate sections of these Specifications. 

E. The Subcontractor shall provide suitable space and lighting 
for the maintenance of the equipment. 

1.12 TEMPORARY SANITARY FACILITIES 

A. Subcontractor shall provide temporary sanitary facilities for 
use by all employees and persons engaged in the Work, 
including lower-tier subcontractors, Contractor, DOE, their 
employees and authorized visitors. 

B. Sanitary facilities include enclosed chemical toilets, 
washing sinks, pipes, tanks and pumping equipment. These 
facilities shall meet the requirements of local public health 
standards. Open pit or trench latrines will not be 
permitted. 

c. Chemical toilets and washing sinks shall be provided for use 
by the Subcontractor, his employees and all other workers and 
suppliers. 

D. contaminated water from the Access Control and Quality 
Control trailers' wash sinks and from the emergency shower 
shall be collected into an underground holding tank. by a 
separate piping system. The contents of the underground 
holding tank shall be pumped into the wastewater retention 
basin or to decontamination washwater recycling system. The 
existing facilities at the Hat and Mon sites shall be used as 
much as practical • 
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E. Sanitary waste from wash sinks and toilets provided in the 
Contractor's trailers shall be drained to an underground 
septic tank by a separate piping system, or at the 
Subcontractor' s option to existing sanitary sewer system 
where available. The contents of the underground septic 
tank, if provided, shall be disposed of offsite as 
Subcontractor's property. 

F. During the term of the Subcontract, both tanks shall be kept 
pumped out at regular intervals to prevent overflow and 
contamination of the ground, flowing streams or surface 
drainage. 

G. Sanitary facilities shall be located adjacent to the 
trailers, as approved by the Contractor, and shall be 
maintained in a sanitary condition during the term of the 
Subcontract. Subcontractor shall keep such facilities 
adequately supplied with toilet paper, paper toweling, paper 
cups, etc., as required. 

H. At completion of the Work, sanitary facilities shall be 
properly disinfected and the tank and the contents disposed 
of as required by the Contractor. 

1.13 TEMPORARY ELECTRIC POWER 

A. The Subcontractor shall provide and maintain during the 
course and progress of the Work all electrical power and 
wiring requirements to facilitate the work of all trades and 
services associated with the Work. Power shall be provided 
on a 24-hour basis. The Subcontractor shall make 
arrangements with the Navajo Tribal Utilities Authority 
(NTUA) and shall pay all charges for providing and 
maintaining electrical service including usage costs at the 
Hat site. All temporary wiring, feeders, and connections 
shall be furnished by the Subcontractor. At the Mon site, 
the Subcontractor shall provide generators providing power 24 
hours a day, 7 days a week. 

B. Routing of temporary conductors, including welding leads 
shall not create a safety hazard nor interfere with operation 
and maintenance of existing facilities. Approval from Site 
Manager shall be obtained prior to making connections to 
existing power panels. 

c. All temporary wiring installed by the Subcontractor shall be 
accomplished in accordance with the requirements of the 
National Fire Protection Association (NFPA) Standard Nos. 70 
and 70E (latest edition), using acceptable code materials and 
equipment . 
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D. There may be times during the period of the Subcontract when 
the Contractor will schedule power outages which will make 
temporary electrical power unavailable over any of the 
electrical transmission and distribution systems. Normally, 
these outages will be scheduled sufficiently in advance to 
give the subcontractor prior notification; however, due to 
operational requirements, it may be necessary to "kill" the 
lines without prior notification. The Contractor assumes no 
liability for interruptions, delays, or inconveniences caused 
to the Subcontractor as a result of such electrical power 
outages or power failure, scheduled or unscheduled, except 
that any delay in completion of the work resulting directly 
from such power outages shall be deemed a delay due to 
unforeseeable causes beyond the control and without the fault 
or negligence of the Subcontractor within the meaning of the 
Article GP-56, "TERMINATION FOR DEFAULT-DAMAGES FOR DELAY 
TIME EXTENSIONS," of the General Provisions, and the 
subcontractor shall be entitled to relief in accordance with 
the provisions of said Article GP-56, provided he gives 
written notice of such delay in accordance with the 
requirements thereof. There will be no adjustment in the 
Subcontract Price due to any such electrical power outage or 
power failure. 

E. Subcontractor shall provide power and lighting to all 
trailers, and for all Work as required, including yard 
lighting, at no extra cost to the Contractor, and as follows: 

1. A minimum of 240/120V, 3-phase, 200A electric service to 
all Contractor's trailers. 

2. Adequate temporary lighting to all trailers, and for all 
Work, as required. 

3. Exterior areas around offices and parking areas shall be 
provided with security flood lighting conforming to the 
current IES standards. Yard security lighting to consist 
of one pole mounted mercury vapor yard light at each 
office layout. 

4. One electrical outlet in each of 
trailers shall be provided with a 
suitable for personal computer use~ 

the Contractor's 
surge suppressor 

5. Temporary power for the radiological monitoring stations 
at the MON site, as shown on the Subcontract Drawings, 
shall be provided by the Subcontractor. Power for these 
stations shall be 120V, single phase, provided on a 
24-hour basis, seven days a week. This power shall be 
provided and available for use 30 days prior to 
excavating contaminated materials • 
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F. 

1.14 

A. 

Temporary power shall be removed at the completion of the 
Subcontract • 

TEMPORARY WATER 

General: 

1. Temporary water for potable, sanitary and construction 
use shall be provided at no additional cost to the 
Contractor. The Subcontractor shall comply with all 
requirements of the Code of Federal Regulations Title 29, 
Part 1926, governing the supply of potable (drinking) 
water. 

2. Subcontractor shall furnish, install, operate and 
maintain all equipment, including necessary tanks, 
piping, hoses, meters, valves, fixtures, and the like, to 
provide water to various points of usage throughout the 
site. 

B. Potable Water: 

1. The Subcontractor shall provide an adequate supply of 
potable water in all places of employment. The 
Subcontractor shall comply with 29 CFR 1926.51 and 
maintain documented evidence that weekly inspections are 
conducted to assure compliance • 

2. Subcontractor shall provide chilled drinking water in 
bottles from an approved source to all Contractor's 
trailers. 

3. Potable water for sanitary uses shall be provided to all 
fixtures in all Contractor's trailers. 

c. Construction Water: 

1. A source of construction water for Mexican Hat site has 
been identified as the San Juan River and permits for its 
use will be obtained by the Contractor. The 
Subcontractor shall be responsible for obtaining any 
necessary permission, permits, etc., which may be 
required for utilizing other sources of water. 

2. Construction water for the Monument Valley site shall be 
obtained by the Subcontractor from his own source (s). 
The Subcontractor may investigate the possibilities of 
using existing water wells in the area. Locations of 
previous production wells are shown on the Subcontract 
Drawings. Data from these wells are included in the 
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1.15 

A. 

Information for Bidders. High ground water is sighted at 
an approximate depth of 30 feet in the area. The 
Subcontractor shall be responsible for obtaini~g any 
necessary permission, permits, etc., which may be 
required for utilizing the source(s) of water. 

DECONTAMINATION SYSTEM 

The Subcontractor shall design, furnish, install, operate, 
maintain, remove and dispose of, a high-pressure, medium-flow 
type decontamination system at the sites. The decontamina
tion system shall be installed at the existing decontamina
tion pads. Details of existing decontamination facilities 
are given in the Information for Bidders. The decontamina
tion system will be used for: 

1. Washing contamination from vehicles, equipment, tools and 
materials that become contaminated during use in the 
Work. 

2. Recycling washwater from recirculation pond for reuse as 
washwater for decontamination. 

3. Furnishing make-up water and emptying the surplus water, 
when required, to maintain the recirculation pond 
capacity at 3/4 full • 

4. Emptying the solids from the recirculation ponds or 
sumps, as required. 

B. The system shall, as a minimum, consist of the following: 

1. Subcontractor-furnished and installed high-pressure (75 
to 100 psi), medium-flow wash system capable of 
decontaminating vehicles, tools and equipment~ as 
required, for Work under the Subcontract, consisting of 
pumps, motors, tanks with suction and discharge piping, 
valves, meters, gages, nozzles, etc. 

2. Existing decontamination pads. 

3. Existing recirculation lined ponds. Subcontractor shall 
repair or replace existing liners as required by the 
Contractor. 

4. Existing drainage ditch or piping from decontamination 
pad to the ponds. 

c. Contaminated washwater and sediments shall be collected from 
the decontamination pad by gravity through existing ditch 
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F. 

G. 

into the lined recirculation pond. The water from the pond 
shall be recycled for reuse as washwater by a pumping system • 
The water level in the pond shall be maintained at 3/4 full. 
Excess capacity shall be used to the extent feasible for dust 
control of contaminated areas and in moisture-conditioning of 
soils during construction of fills in contaminated areas, and 
the remainder pumped out to the wastewater retention basins. 
Sediment from the pond shall be collected and disposed of as 
contaminated material. 

The Subcontractor shall submit his proposed system designs, 
including calculations, drawings, and equipment list with 
capacities, to the Contractor for review at least 45 days 
prior to commencement of installation. 

Demolition and disposal of decontamination system shall 
conform to Section 02050. 

The Subcontractor shall submit his operations plan for each 
decontamination facility 30 days prior to commencement of 
hauling operations. The submittal shall include, but not be 
limited to, the following: 

1. Safety. 
2. Manpower required. 
3. Decontamination of vehicles other than haul units. 

• 1.16 TEMPORARY HEAT 

• 

Subcontractor shall provide, at his own expense, all 
temporary heat as necessary for the trailers, for proper 
installation of all work, equipment, and materials, and for 
the protection of all work and materials, against damage from 
dampness, cold, and freezing. 

1.17 TEMPORARY TELEPHONE SERVICE 

A. The Subcontractor shall make all necessary arrangements with 
Navajo Communication Company of Kayenta, Arizona for 
telephone. service to his office. 

B. All costs of telephone service connections, external and 
internal, shall be borne by the Subcontractor. 

c. The Contractor will make his own arrangements for telephone 
service to his offices • 
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1.18 

1.19 

TEMPORARY FENCES 

The Subcontractor shall maintain existing chain link and 
woven wire fences shown on the Subcontract Drawings. 

SHUT-DOWN TIME OF SERVICES 

The Subcontractor shall not disconnect or shut down any part 
of the existing utilities and services, except by express 
written permission of the Contractor. The Subcontractor 
shall submit a schedule of estimated shut-down time in order 
to obtain such permission, and shall notify all interested 
parties, utilities, county authorities, etc., as required. 

1.20 MAINTENANCE 

A. Subcontractor shall maintain all temporary facilities and 
utilities in good working condition as required by the 
Contractor during the term of the Subcontract. 

B. Subcontractor's maintenance shall include, but not be limited 
to, all temporary roads including access control areas and 
fencing during the term of the Subcontract for the safe and 
efficient transport of equipment, supplies and personnel. 

c. The Subcontractor shall remove from the access and the haul 
roads any contaminated material deposited there by his 
operations. such removal and cleanup shall be at no 
additional cost to the Contractor. 

1.21 STATUS AT COMPLETION 

A. Upon completion of the Work, or prior thereto, when so 
required by the Contractor, Subcontractor shall: 

1. Repair the Gypsum Wash crossing and all existing roads 
including the access/haul road improved by the 
Subcontractor for his convenience (used as temporary 
roads) including recompacting and resurfacing to at least 
equal or better conditions existing prior to the start of 
the Subcontract in accordance with permit requirements, 
at no additional cost. 

2. Obliterate all on-site temporary roads. 

3. Remove and dispose of all construction facilities 
including all equipment and Subcontractor-supplied 

HAT-MON 

Document No. 3885-HM-S-01-02242-04 
Issued for Construction-Revision 1 

Construction Facilities 
01500 - 15 

0144S/WPS1 
080392 



• 

• 

• 

trailers. Disconnect utilities to the trailers and 
remove the trailers from the Site • 

4. Restore the areas occupied by the construction facilities 
to their near original contours by grading to provide 
positive drainage and to promote natural vegetation. 

5. Remove and dispose of the fencing and gates as 
Subcontractor's property. 

PART 2 - PRODUCTS 

{Not Used) 

PART 3 - EXECUTION 

{Not Used) 

PART 4 - MEASUREMENT AND PAYMENT 

4.1 MEASUREMENT 

A. Measurement for payment for the following items will be by 
their lump sum basis: 

1. Temporary Offices and Trailers 

2. Temporary Roads and Parking Areas 

3. Temporary Sanitary Facilities 

4. Temporary Electric Power 

5. Temporary Water 

6. Decontamination System 

7. Gypsum Wash Crossing 

B. Measurement for payment for janitorial services will be by 
the number of months of janitorial services actually 
provided. Month will be a calendar month • 
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c. Separate measurement for payment will not be made for snow 
removal services • 

D. Separate measurement for payment will not be made for any 
other item of work specified in this Section. 

4.2 PAYMENT 

A. Payment for items 1 through 7 of Article 4.1.A above will be 
by their applicable lump sum prices quoted therefor in the 
Bid Schedule. 

B. Payment for janitorial services will be by the unit price per 
month quoted therefor in the Bid Schedule. 

c. The prices quoted shall include full compensation for 
furnishing all labor, materials, equipment, tools, 
accessor~es, and incidentals, and for performing all work 
including designing, fabricating, installing/constructing~ 
operating, maintaining, removing and disposal of facilities 
and providing specified services as required, through the 
term of the subcontract. 

D. Separate payment will not be made for snow removal services 
which will be considered incidental to the Work. 

E. Separate payment will not be made for any other item of work 
specified in this Section. Full compensation for such work 
will be considered to be included in the applicable related 
items of Work under the Subcontract or in the Bid Schedule 
item for Mobilization. 
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SECTION 01560 

TEMPORARY CONTROLS 

PART 1 - GENERAL 

1.1 SCOPE 

A. This Specification Section covers the requirements for 
temporary controls required during the construction of the 
temporary and permanent works. Temporary controls shall 
include related equipment, facilities, and incidentals. 

B. Temporary controls shall include, but not be limited to, the 
following: 

1. Dust Control (Nuisance and Radiological) 
2. Noise Control 
3. Pollution Control 
4. Water Control 
5. Access, Traffic and Safety Controls 
6. Protection of Exposed Surfaces 

c. The Subcontractor shall be responsible for furnishing, 
installing, constructing, operating, maintaining, removing 
and disposing of the controls as shown on the Subcontract 
Drawings, as specified in this Specification, and as required 
by the Contractor for. the completion of the Work under the 
Subcontract. 

D. All such.temporary controls shall be located as shown on the 
Subcontract Drawings and as directed by the Contractor, and 
maintained in clean, safe and sanitary condition at all times 
until completion of the Subcontract. 

E. Upon completion of the Subcontract, the temporary controls 
shall be left in the status specified in Article 1.11 of this 
Section. 

F. The requirements specified herein are in addition to any 
requirements specified elsewhere in the Subcontract 
Documents. Temporary controls shall meet the requirements 
for all-weather service. 

G. All land disturbances related to the temporary controls shall 
be minimized to the greatest extent possible and the land 
restored to the extent reasonable and practical, to its 
original contours by grading to provide positive drainage and 
by seeding the area as specified in Section 02935 • 
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1.2 RELATED WORK 

A. Section 00800 - Special Conditions 

B. Section 01019 - Mobilization 

c. Section 01500 - Construction Facilities 

D. Section 02141 - Dewatering and Drainage 

E. Section 02200 - Earthwork: Site Restoration 

F. Section 02935 - Seeding 

1.3 APPLICABLE PUBLICATIONS 

A. The Publications listed below form a part of this 
Specification to the extent referenced. The Publications are 
referred to in the text by the basic designation only: 

1. UMTRA Project Construction Environment, Safety and Health 
Management Program (MK-UMTRA-4) 

2. state of Utah, Standard Specifications for Road and 
Bridge Construction, 1979 Edition and Subsequent 
Revisions, as applicable • 

3. Arizona Highway Department, "Standard Specifications", as 
applicable. 

4. Uniform Building Code (UBC): 
1988 Edition, applicable Chapters and Sections. 

5. National Fire Protection Association 
applicable. 

(NFPA), as 

6. Occupational Safety and Health Administration, Standards 
as applicable. 

7. National Electric Code, Standards as applicable. 

8. DOE Order 5480.11, Radiation Protection for Occupational 
Workers. 

B. All required facilities, equipment and utilities shall also 
be constructed/installed, maintained and operated in 
accordance with applicable Federal, State, Navajo Nation, 
local, and Utility laws, rules, and regulations. 
Notwithstanding contrary provisions of General Provisions, 
General Conditions and Special Conditions, nothing in the 
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1.4 

A. 

B. 

c. 

D. 

Subcontract Drawings and Specifications shall be construed to 
permit work not conforming to such laws, rules and 
regulations. 

DUST CONTROL 

The subcontractor shall be responsible for providing adequate 
dust control measures during the term of the Subcontract as 
required by the Contractor. 

Dust control shall consist of furnishing water supply, 
required equipment, additives, accessories and incidentals, 
and carrying out proper and efficient measures wherever and 
as often as necessary to reduce dust nuisance, and to prevent 
dust originating from construction operations and causing 
damage to dwellings, or causing a nuisance to persons during 
the completion of the Subcontract, as required by the 
Contractor. Dust shall be controlled. 

Water shall be applied by means of pressure-type distributors 
or pipe lines equipped with a spray system or hoses with 
nozzles that will ensure a uniform application of water. 

All equipment used for the application of water shall be 
equipped with a positive means of shut-off. 

E. (Text Deleted]* (Not Used]* 

F. All equipment shall be in good operating condition for 
applying water in the project at all times. 

G. To conserve water, the Subcontractor may use chemical 
additives in dust control water. If such additives are used, 
furnishing and applying the additives shall be at no 
additional expense to the Contractor. 

H. The use, location of application, and the amount and type of 
additives proposed for use by the Subcontractor shall be 
subject to approval by the Contractor and appropriate 
regulatory agencies. 

I. The primary sources of water for dust control in contaminated 
areas at the sites will be recycled water from wastewater 
retention basins to the extent feasible. When these sources 
are judged inadequate or unacceptable the Subcontractor may, 
with the Contractor's approval, use water from an alternate 
source. 

* P.I.D. 09-S-15 
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J. The source of water for dust control in non-radiologically 
contaminated areas shall be free of contamination • 

K. Dust in parking areas shall also be controlled. 

L. The Subcontractor shall only apply the amount of water 
necessary for dust control and compaction. Excess water 
shall not be applied to tailings placed in the disposal cell. 

1.5 NOISE CONTROL 

See Section 00800, Article SC-7, Paragraph M. 

1.6 POLLUTION CONTROL 

A. Pollution of Waterways: The Subcontractor's construction and 
related activities shall be performed by methods that prevent 
entrance or accidental spillage of solid or liquid matter~ 
contaminants, debris and other objectionable pollutants and 
wastes into streams, watercourses, flowing or dry, and 
underground water sources. Such pollutants and wastes will 
include, but will not be restricted to refuse, earth and 
earth products, garbage, cement, concrete, sewage effluent, 
industrial waste, radioactive substances, hazardous 
chemicals, oil and other petroleum products, aggregate 
processing tailings, and mineral salts. Pollutants and 
wastes shall be disposed of in accordance with applicable 
permit provisions or in a manner acceptable to and approved 
by the Contractor. 

B. storage and Disposal of Petroleum Products: 

1. Petroleum products covered by this Section include 
gasoline, diesel fuel, lubricants, heating oils, and 
refined and used oil. During project construction, all 
petroleum products shall be stored in such a way as to 
prevent contamination of all ground and surface waters. 

2. Storage facilities shall conform to the requirements of 
Construction Environment, Safety and Health Management 
Program specified in Article SC-7 of the Special 
Conditions. 

3. Lubricating Oil: Lubricating oil may be brought into the 
project area in steel drums or other means, as the 
Subcontractor elects. If the total volume of stored oil 
is greater than 1320 gallons, then the Subcontractor 
shall provide secondary containment facilities in 
accordance with EPA regulations contained in the Code of 
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4. 

5. 

Federal Regulations 40 CFR 112. Used lubricating oil 
shall be stored in steel drums, or other approved means, 
and shall be returned to the supplier for disposal. It 
shall not be burned or otherwise disposed of at the 
project area. 

If the total volume of stored petroleum products is 
greater than 1320 gallons and these products are stored 
above ground, the Subcontractor shall prepare a Spill 
Prevention Control and Countermeasure Plan in accordance 
with applicable EPA and state regulations. The plan 
shall be submitted to the Contractor for approval 30 days 
prior to storing petroleum products on site. 

The Subcontractor shall submit for approval by the 
Contractor a waste minimization and recycling plan for 
material generated on-site including, but not limited to, 
used oil, used anti-freeze, used fuels, used oil filters, 
used containers of maintenance products (e.g. paint 
cans), oily rags, and petroleum product contaminated 
soils, prior to the generation of any such materials. 
This plan shall address all points of generation 
surveillance, handling, recycling, record keeping, and 
other pertinent items. The Subcontractor shall make all 
efforts not to become subject to Federal or State 
hazardous waste regulations. 

c. The following environmental pollution control measures shall 
be adopted by the Subcontractor for the trucks hauling 
contaminated materials on public roads to prevent the spread 
of radioactive contamination in uncontaminated areas: 

1. Trucks shall be equipped with leakproof seals and locking 
devices on dump gates or other approved means to prevent 
leakage of contaminated material onto roadways. 

2. 

HAT-MON 

In addition to the 
Subcontractor shall 
measures: 

above mentioned provisions, the 
take the following additional 

a. Trucks shall be totally enclosed by a system that 
structurally contains the sides and covers all 
surfaces or a tarpaulin system that covers the top 
surface completely. The use of crusting agents such 
as Wen-Don CDB-12 or approved equal applied to the 
surface of the contaminated materials being 
transported shall conform to the applicable local, 
state, tribe and federal requirements. Chemical 
crusting agents shall only be used after demon
stating the proposed agent's effectiveness and after 
obtaining Contractor's approval • 
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b. Prior to travel on offsite roadways or beyond the 
contaminated site area, trucks shall be deconta
minated by washing with water. All contamination 
shall be removed, as determined by the Contractor. 
Leakage of material from the vehicle will not be 
allowed. The Subcontractor shall be responsible to 
assure locking devices and seals are adequately 
secure prior to release from the contaminated area. 

3. Health Physics personnel employed by the Contractor will 
routinely check trucks for residual contamination prior 
to release from contaminated areas. 

1.7 WATER CONTROL 

A. When water hose usage is required on the project, the water 
hoses shall be located inside the site areas such that any 
spills which might be contaminated are contained within the 
site areas. When it is not feasible to locate hoses inside 
any site perimeter such that any potentially contaminated 
spill can be contained inside the site boundary, berms shall 
be constructed so that any spill will be contained inside the 
site boundary. 

B. For other water control requirements, see Section 02141, 
Dewatering and Drainage • 

1.8 ACCESS, TRAFFIC AND SAFETY CONTROLS 

A. Access Control: 

1. Private, personal or agency vehicles not used for 
authorized construction purposes will not be allowed in 
the controlled site areas. 

2. Parking of private, personal or agency vehicles shall be 
in a restricted area outside of the controlled site areas 
as designated by the Site Manager or his representative. 

B. Traffic and Safety Controls: 

1. The Subcontractor shall post construction areas and roads 
with traffic control signs or devices used for protection 
of workmen, the public and equipment. The signs or 
devices shall conform to the American National Standards 
Institute D6.1E-1988, Manual on Uniform Traffic Control 
Devices for Streets and Highways, and the latest revision 
of the Utah and Arizona Supplements thereto . 
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2. Temporary signs or traffic control devices shall be 
removed or covered as soon as they have served their 
purpose. It is particularly important to remove any 
markings on road surfaces which under conditions of poor 
visibility could cause a driver to turn off the road or 
into traffic moving in the opposite direction. Permanent 
signs or traffic control devices shall remain in place as 
directed by the Contractor. 

3. Barricades for protection of employees shall conform to 
the portions of the American National Standards 
Institute, Manual on Uniform Traffic Control Devices for 
Streets and Highways, ~elating to barricades. 

4. Flag persons, properly equipped with International Orange 
protective clothing and flags, shall be provided at all 
such times, as necessary, to direct or divert pedestrian 
or vehicular traffic. Flag persons shall be provided at 
both ends of the existing bridge on U.S. Highway 163 in 
the City of Mexican Hat during truck transport hours. 

5. Pursuant to Article GP-51 of General Provisions, Section 
GC-3C.1.a of General Conditions, the Subcontractor shall 
construct and maintain fences, planking, barricades, 
lights, shoring, and warning signs as required by local 
authorities and Federal and State safety ordinances, and 
as required, to protect the Contractor's property from 
injury or loss and as necessary for the protection of the 
public, and provide walks around any obstructions made in 
a public place for carrying on the Work covered in this 
Subcontract. All such protection shall be left in place 
and maintained until removal is authorized. 

6. In addition, the Subcontractor shall guard and· protect 
all workers, pedestrians, and the public from 
excavations, blasting operations, construction equipment, 
all obstructions, and other dangerous items or areas by 
means of adequate railings, guard rails, temporary walks, 
barricades, warning signs, sirens, directional signs, 
overhead protection, planking, decking, danger lights, 
etc. 

7. Material Haul on Public Roads: All requirements stated 
in the permits shall be followed for using public roads 
for hauling materials. 

8. The Subcontractor shall be responsible for providing all 
necessary bonding required by the Utah and Arizona State 
Highway Departments and the Navajo Nation • 
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9. The Subcontractor shall submit a detailed traffic plan 
for all sites, prior to hauling activities, for 
Contractor approval. 

1.9 PROTECTION OF EXPOSED SURFACES 

See Section 02200, Article 3.1.A. 

1.10 MAINTENANCE 

Subcontractor shall maintain all temporary controls in good 
working conditions during the term of the Subcontract for the 
safe and efficient transport of equipment and supplies, and 
construction of permanent works, as required by the 
Contractor. 

1.11 STATUS AT COMPLETION 

A. Upon completion of the Work, or prior thereto, when so 
required by the Contractor, Subcontractor shall: 

1. Remove all temporary controls as required by the 
Contractor. 

2. Restore and seed disturbed areas as specified in Sections 
02200 and 02935. 

PART 2 - PRODUCTS 

(Not Used) 

PART 3 - EXECUTION 

(Not Used) 

PART 4 - MEASUREMENT AND PAYMENT 

4.1 MEASUREMENT 

Separate measurement for payment will not be made for work 
specified in this Section . 
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4.2 PAYMENT 

Separate payment will not be made for work specified in this 
Section. Payment for such work will be considered to be 
included in the applicable related items of Work specified 
elsewhere in the Subcontract Documents or incidental to the 
Subcontract. 

END OF SECTION 01560 
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SECTION 01561 

CONSTRUCTION CLEANING 

PART 1 - GENERAL 

1.1 SCOPE 

A. This Specification Section covers furnishing of all labor, 
materials, equipment, and services, ·and performing all 
operations necessary for, and properly incidental to, cleanup 
during construction and final cleaning of the site, prior to 
acceptance of the Project by the Contractor as specified 
herein and in other sections when specified. 

B. The requirements specified in this Section are supplemental 
to the requirements specified elsewhere in the subcontract 
Documents. 

1.2 WORK NOT INCLUDED 

Chemical, Toxic or Hazardous Waste 

1.3 RELATED WORK 

A. Article GC-1D - General conditions 

B. Section 00800 - Special Conditions: Definitions 

c. Section 01560 Temporary Controls 

D. Section 02110 - Site Clearing 

E. Section 02200 - Earthwork 

1.4 GENERAL 

A. It is required that the entire site be kept in a neat and 
orderly condition, and the Contractor or his representative 
may, at any time during construction, order a general cleanup 
of the site as a part of the work under this Section. 

B. Subcontractor shall dispose of waste, trash, and debris in a 
safe, acceptable manner, in accordance with applicable laws 
and ordinances and as prescribed by authorities having 
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c. 

1.5 

A. 

B. 

jurisdiction. No waste material and debris shall be buried 
on the site. Burning of trash and debris on the site will 
not be permitted. The Subcontractor shall put into operation 
a waste minimization and recycling plan as specified in 
Section 01560, Article 1.6. 

Location of a dump for trash and debris and the length of 
haul to such a location are the Subcontractor's 
responsibility. 

CLEANUP DURING CONSTRUCTION 

Cleanup: The Subcontractor will be required to clean up 
construction work areas including all trailers, parking and 
storage areas and dispose of waste material. Cleanup of 
construction work areas will be required on a daily basis. 
At the close of each day's work all small quantities of waste 
and debris resulting from construction activities shall be 
gathered up and disposed of as designated in paragraph B 
below. Waste and debris shall not be allowed to accumulate 
in such quantities as to create an unsightly appearance, or 
safety or fire hazard, nor shall it interfere in any way with 
free access to, and operation of existing facilities. 

Waste Disposal: 

1. General: Material determined to be waste will be tested 
for radioactive contamination prior to removal from the 
construction site. Testing will be performed by the 
Contractor at no cost to the Subcontractor to classify 
the waste into the following two categories for disposal 
purposes: 

a. Uncontaminated Waste: The Subcontractor shall 
provide suitable receptacles for all construction 
office waste material such as wrapping paper, 
discarded containers, scrap lumber, scrap metals, 
etc. Other uncontaminated waste including 
construction office waste shall be disposed of 
offsite as Subcontractor's property in a safe, 
acceptable manner, in accordance with the applicable 
laws and ordinances and as prescribed by authorities 
having jurisdiction. No waste material and debris 
shall be buried on the site. The Subcontractor 
shall be responsible for the location of dump for 
trash and debris, length of haul, and disposal 
costs. 

b. Contaminated Waste: Waste materials identified as 
contaminated materials defined in Article SC-1 and 
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1.6 

A. 

B. 

materials resulting from demolition operations and 
demolished materials stockpiled on site shall be 
disposed of in the construction of the tailings 
embankment as specified in Section 02200. 

FINAL SITE CLEANUP 

Prior to final inspection, the entire site shall be 
thoroughly cleaned and shall be put into a neat, acceptable 
condition. All construction waste and unused materials, 
dunnage, loose rock and stones, excess earth, and debris of 
any description resulting from the work shall be removed from 
the entire site. 

All construction areas shall be thoroughly cleaned to the 
satisfaction of the Contractor prior to final acceptance of 
the completed Subcontract. 

PART 2 - PRODUCTS 

(Not Used) 

PART 3 - EXECUTION 

(Not Used) 

PART 4 - MEASUREMENT AND PAYMENT 

4 . 1 MEASUREMENT AND PAYMENT 

Separate measurement or payment will not be made for work 
required under this Section. All costs in connection with 
the work specified herein will be considered incidental to 
the Subcontract. 

HAT-MON 
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SECTION 02050 

DEMOLITION 

PART 1 - GENERAL 

1.1 SCOPE 

A. This Specification Section describes the requirements for the 
demolition and disposal of the following facilities: 

1. Existing Structures and Facilities: 

a. Concrete structures at the Monument Valley Site. 

b. Steel debris at the Monument Valley Site. 

c. Rubble, boulder and ore piles at Monument Valley 
Site. The piles are scattered throughout the site 
in the south, west and northwest areas of the site. 

d. Decontamination pad. 

e. Membrane liners from ditches, retention basins, 
spillways, collection sumps, recirculation ponds and 
water supply ponds . 

f. Existing chain link and woven wire fences. 

[g. Miscellaneous debris scattered throughout the site 
or included in the contaminated material.]* 

2. Structures installed/constructed under this Subcontract 
including Washwater recirculation system including 
piping, tanks, and new pond liners. 

B. Approximate descriptions and data of these facilities are 
listed in attached Table 02050-A and identified on the 
Subcontract Documents. Additional details are included in 
the Information for Bidders. 

c. The structures and facilities installed/constructed under 
this Subcontract are specified under various Specification 
Sections of this Subcontract and are shown on the Subcontract 
Drawings. Although these structures are not listed in Table 
02050-A, all temporary structures and facilities built at the 
sites shall be demolished and disposed of. 

* P.I.D. 09-S-15 
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1.2 

1.3 

WORK NOT INCLUDED 

Removal and disposal of existing stockpiles of demolished 
materials and debris is not included in the Scope of Work of 
this Section. Disposal of demolished materials and debris is 
specified in Section 02200. 

RELATED WORK 

A. Section 00800 - Special Conditions: Articles SC-7 and SC-8 

B. Section 01300 - Submittals 

c. Section 01500 - Construction Facilities 

D. Section 01560 - Temporary Controls 

E. Section 02200 - Earthwork: Disposal of demolished materials 
and debris. 

1.4 DEFINITIONS 

A. 

[B. 

Demolition 
breaking up 
associated 
foundations 

includes complete dismantling, cutting and 
of structures, including all solid contents and 
services and utility lines including their 
and below grade slabs and footings. 

Removal and Disposal of Rubble: This shall consist of the 
removal of demolition debris, rubble containing wood, 
concrete, steel and boulders, breaking into specified sizes, 
loading, transporting to Mexican Hat site, unloading and 
placing in the tailings embankment as specified in Section 
02200. The size and location of rubble piles is described in 
the Information for Bidders. The location of the rubble 
piles is also shown on the Subcontract Drawings.)* 

(Text Deleted)* 

1.5 SUBMITTALS 

A. General submittal requirements are specified in Section 
01300. 

B. Ten days prior to the start of Work, the Subcontractor shall 
submit to the Contractor, for review, a demolition plan 
including the following: 

* P.I.D. 09-S-15 
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1. Methods of demolition to be used. 
2. Schedule showing dates and structures to be demolished • 
3. List of equipment to be used. 

PART 2 - PRODUCTS 

{Not Used) 

PART 3 - EXECUTION 

3.1 DEMOLITION 

A. During the execution of this Subcontract, if unidentified 
waste material is suspected or encountered, the Site Manager 
shall be immediately notified for identification and 
subsequent disposition. 

B. Locations of structures to be demolished are shown on the 
Subcontract Drawings and listed in attached Table 02050-A; 
however, the Subcontract Drawings do not show the locations 
of all foundations, rubble and debris, concrete pads, and the 
like, all of which are required to be demolished and removed 
within the boundaries of the project sites. 

c. Pollution Controls: 

1. Water sprinkling, temporary enclosures, and other 
Contractor-approved methods shall be used to limit the 
amount of airborne dust and dirt to the lowest practical 
level. Demolition work shall comply with governing 
regulations pertaining to environmental protection. 

2. Water shall not be used if it is likely to create 
hazardous or objectionable .conditions such as ice, 
flooding, or pollution. An approved water-based 
biodegradable wetting agent {surfactant), such as Dupont 
"Duponol WAQ" or equal, may be used to reduce the 
quantity of water required. 

D. Demolition work shall be carried out using equipment 
compatible to the structures to be demolished and by methods 
required to complete the Work in accordance with governing 
regulations. The structures shall be demolished, and the 
materials and debris disposed of as specified in Section 
02200. 

E. After the completion of the construction phase, the synthetic 
membranes shall be removed, decontaminated and disposed of as 
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[F. 

G. 

H. 

I. 

required by the Contractor. If the membrane cannot be 
decontaminated by practical means, it shall be disposed of by 
cutting into strips, shredding and placing in the tailings 
embankment in a manner that would not induce settlement, 
inhibit water migration, or exceed the 5 percent limit on 
organic material by volume. 

Demolished materials, consisting of steel, concrete, wood, 
masonry and other man-made materials, rubble, debris and 
boulders shall be reduced in size to pieces to be no greater 
than 3 feet in any dimension and no more than 27 cubic feet 
in volume.)* 

Metal objects with voids shall be crushed to sizes no greater 
than 27 cubic feet in volume, with the least dimension not 
exceeding 6 inches. 

Grading shall' be performed, as required by the Contractor, to 
restore existing grades to near natural conditions and as 
specified in Section 02200. 

removed and disposed of as 
Concrete footings shall be 

embankment or as directed by the 

Fences and gates shall be 
Subcontractor's property. 
disposed of in the tailings 
Contractor. 

J. Any pipe, conduit and ducts shall be cut to sizes no greater 
than 10 feet in length. 

3.2 DISPOSAL OF DEMOLISHED MATERIALS AND DEBRIS 

[A. Demolished materials, consisting of steel, concrete, wood, 
masonry and other man-made materials, rubble, debris and 
boulders shall be transported to the Mexican Hat site and 
disposed of in the tailings · embankment, as specified in 
Section 02200 and as shown on the Subcontract Drawings.)* 

B. Burning of materials resulting from demolition operations 
will not be permitted. 

c. Uncontaminated materials such as fencing, p1p1ng membranes, 
wooden platforms, and stairs for trailers and other materials 
shall be removed as Subcontractor's property as directed by 
the Contractor. 

o. Water supply facilities designated by the Contractor shall 
remain in place. 

* P.I.D. 09-S-15 
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[Text Deleted]* 

PART 4 - MEASUREMENT AND PAYMENT 

4.1 MEASUREMENT 

A. Measurement for payment for demolition and disposal of 
structures specified in this Section will be on a lump sum 
basis. 

B. Measurement for payment for removal and disposal of rubble 
specified in this Section will be on a lump sum basis. 

[Text Deleted]* 

4.2 PAYMENT 

[A. Payment for demolition and disposal of structures, removal 
and disposal of rubble, debris and boulders specified in this 
Section will be by the respective lump sum prices quoted 
therefor in the Bid Schedule. The prices quoted shall 
include full compensation for furnishing all labor, 
materials, equipment, incidentals, and for performing all 
work specified including, but not limited to, transportation 
and placement of demolished materials, debris and boulders in 
the tailings embankment.]* 

B. Separate payment will not be made for any other work 
specified in this Section. Full compensation for such work 
will be considered incidental to the applicable related items 
of work. 

END OF SECTION 02050 

* P.I.D. 09-S-15 
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TABLE 02050-A 

EXISTING STRUCTURES AND FACILITIES TO BE DEMOLISHED 

I - MEXICAN HAT SITE 

A. Chain link fence and gates - approximately 640 linear feet. 

B. Woven Wire Fence - approximately 12,a90 linear feet. 

c. Lower Access Control Area: 

1. 

2. 

3. 

4. 

5. 

6. 

Decontamination pad - concrete, 150-foot x 30-foot x a
inch thick, reinforced with wire mesh. 

Membrane liners for collection ditch, sump retention 
basin and holding ponds. 

Wood platform and steps for trailers. 

Membrane liner for fuel storage basin. 

Miscellaneous, concrete and piping associated with 
temporary facilities • 

Concrete septic tanks. 

D. Upper Access Control Area: 

1. Decontamination pad with sump - concrete, 150-foot x GO
foot X a-inch thick reinforced. 

2. Membrane liner for recirculation ponds and holding ponds. 

3. Miscellaneous, concrete footings and piping. 

E. Retention Basin Embankment: Membrane liner - approximately 
2500 square yards of 30 mil thick chlorinated polyethylene 
(CPE). 

II - MONUMENT VALLEY SITE 

A. Chain link fence and gates - approximately 1030 linear feet. 

B. Woven Wire Fence - approximately 9970 linear feet . 
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TABLE 02050-A (continued) 

c. Access Control Area: 

1. Decontamination pad - concrete, 150-foot x 60-foot x 
a-inch thick, reinforced. 

2. Membrane liners for recirculation pad. 

3. Miscellaneous concrete slabs, pipelines and 5-foot x 
7-foot septic tank. 

D. Membrane liner for retention basin. 

E. Water supply facilities including holding pond. 

F. Approximately 159 cubic yards of shattered concrete. The 
bottom and 1/3 of the walls of the original structure are 
still intact. Located at approximately N58,850, E87,600. 

G. Approximately 30 cubic yards of steel and miscellaneous 
debris. Located at approximately N58,700, E87,600. 

H. Two concrete tunnels, partly demolished . 

[I. Miscellaneous steel, concrete, plastic, wood, etc., scattered 
throughout site, either on the surface or buried, and 
abandoned loading ramps located throughout the site.]* 

[J. Approximately 35 cubic yards of steel debris, consisting 
mainly of abandoned mill equipment located approximately at 
N 58,090, E 85,690.]* 

* P.I.D. 09-S-15 

HAT-MON 

Document No. 3885-HM-S-01-02245-04 
Issued for Construction-Revision 1 

Demolition 
02050 - A2 

01605/WPSl 
080392 



• 

• 

• 

SECTION 02110 

SITE CLEARING 

PART 1 - GENERAL 

1.1 SCOPE 

A. This Specification Section describes the requirements for the 
following: 

1. Clearing of vegetation. 

2. Disposal of cleared and stripped materials. 

1.2 DEFINITIONS 

1.3 

Clearing: Clearing is defined as removing brush, other 
vegetation. and immature trees. All such vegetation and 
immature trees shall be cleared down to the natural ground 
surface • 

RELATED WORK 

Section 02200 - Earthwork 

PART 2 - PRODUCTS 

(Not Used) 

PART 3 - EXECUTION 

3.1 PRESERVATION OF PROPERTY 

Existing improvements, adjacent property, utility and other 
facilities that are not to be removed shall be protected from 
injury or damage • 
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3.2 CLEARING 

A. Clearing shall be performed on the existing sideslopes and 
topslope of the tailings embankment prior to placing any 
other materials and in areas where contaminated materials 
shall be removed. Contaminated cleared materials shall be 
kept separate from uncontaminated cleared materials. 

B. Uncontaminated cleared materials shall be disposed of by the 
Subcontractor. 

C. Contaminated cleared material shall be reduced in size and 
disposed of in the tailings embankment as specified in 
Section 02200 and as required by the contractor. 

3.3 STRIPPING 

A. Uncontaminated Areas: 
following areas: 

Stripping will be required in the 

1. Beneath all fill areas where excavation is not otherwise 
required; 

2. In areas of excavation where excavated materials are to 
be used as fill. 

B. Contaminated Areas: In areas of excavation where the 
contaminated surfaces are covered by vegetation, the removal 
of topsoil may be carried out together with the excavation of 
contaminated materials in one operation as specified in 
Section 02200. 

c. Stripped material shall be disposed of as specified in 
Article 3.4. 

3.4 BURNING OF CLEARED AND STRIPPED MATERIAL 

Burning of cleared and stripped materials, if performed, 
. shall conform to the requirements of the Navajo Nation. 

PART 4 - MEASUREMENT AND PAYMENT 

4.1 MEASUREMENT 

Separate measurement for payment will not be made for work 
specified in this Section • 
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4.2 PAYMENT 

Separate payment will not be made for work specified in this 
Section. Full compensation for such work will be considered 
to be included in the applicable related items of work 
specified elsewhere in the Subcontract Documents or 
incidental to the Subcontract. 

END OF SECTION 02110 
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SECTION 02141 

DEWATERING AND DRAINAGE 

PART 1 - GENERAL 

1.1 SCOPE 

A. This Specification Section describes the requirements for 
dewatering and drainage work in contaminated and 
uncontaminated areas of the site. The Work shall include the 
following: 

1. Collection and disposal of surface and subsurface water 
from the work areas, and 

2. Design, construction, maintenance and removal of 
dewatering and drainage facilities. 

B. Surface (gravity) and subsurface (pump system) dewatering and 
drainage system shall consist of swales, ditches, dikes, 
drainage pipes, inlets and manholes, sumps, pumps, drives, 
piping, meters, gages, valves and other accessories and 
incidentals as required. 

C. If the groundwater level is higher than the bottom of 
excavation, the Subcontractor shall dewater the excavation, 
as required, for performance of work in the dry. stormwater 
shall be removed from the excavation to maintain dry 
conditions during excavation and backfill placement. 

D. A dewatering scheme for work in uncontaminated areas is not 
shown on the Subcontract Drawings. The Subcontractor shall, 
as required, design and construct gravity or pump systems or 
a combination of both systems for dewatering uncontaminated 
work areas. 

E. A gravity dewatering scheme for work in contaminated areas is 
limited to the temporary drainage ditches, dikes and 
retention basins as shown on the Subcontract Drawings. The 
Subcontractor shall, as required, design and construct 
additional gravity or pump systems or a combination of both 
systems for dewatering contaminated work areas. Dewatering 
from wind-blown tailings and off-pile areas will be 
accomplished incrementally as removal of contaminated 
materials proceeds. 

F. Earthwork operations shall be planned, scheduled and executed 
to minimize dewatering • 
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1.2 WORK NOT INCLUDED 

A. Existing retention basins and drainage ditches are shown on 
the Subcontract Drawings. 

B. Drainage work related to the construction facilities 
specified in Section 01500. 

1.3 DESCRIPTION 

A. The work of this Section includes, but is not limited to: 
dewatering the excavations by installing sump pumps in the 
excavations and disposal of water by providing drainage 
facilities including swales, ditches, interceptor dikes, 
pipes, and other drainage structures. Water from 
uncontaminated areas shall be pumped, or allowed to flow by 
gravity, to drainage ditches leading to the existing drainage 
courses that flow offsite. Water from contaminated areas 
shall be pumped, or allowed to flow by gravity, to drainage 
ditches leading to the wastewater retention basins. Excess 
wastewater, after recycling from the decontamination pad, 
shall be collected in the wastewater retention basins or used 
for dust control or moisture conditioning of fills in 
contaminated areas. 

B. The Subcontractor shall be responsible for designing, 
scheduling, utilizing, providing, and maintaining any dikes, 
ditches, channels, flumes, drains, sumps, pumping equipment, 
monitoring wells, other subsurface dewatering devices, and 
other temporary diversion and protective work necessary to 
ensure that construction shall be performed in areas free 
from water and in accordance with all applicable permits. 

1.4 RELATED WORK 

Section 02200 - Earthwork: Construction and restoration of 
areas. 

PART 2 - PRODUCTS 

2.1 MATERIALS AND EQUIPMENT 

The Subcontractor shall furnish all materials, equipment, 
tools, accessories, and incidentals required for furnishing, 
installing, operating, maintaining and removing dewatering 
and drainage facilities, and for providing sufficient standby 
pumping and auxiliary equipment to preclude any interference 
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to pumping operations during periods of breakdown and 
maintenance • 

PART 3 - EXECUTION 

3.1 DEWATERING PROCEDURES 

A. Water from uncontaminated areas shall be pumped, or allowed 
to flow by gravity to natural uncontaminated drainage 
courses. 

' B. Water from contaminated areas shall be pumped or allowed to 
flow by gravity to the retention basins. 

c. Water level in the excavations shall be maintained below the 
lowest point in the excavation until the backfilling of the 
excavation has been completed, unless otherwise approved by 
the Contractor. · 

D. The Subcontractor shall use contaminated water from the 
retention basins for dust control over contaminated areas at 
both sites and for compaction control at the Mexican Hat 
site. Uncontaminated water may be used if there is 
insufficient contaminated water in the basins or if approved 
by the Contractor . 

3.2 TEMPORARY DRAINAGE DITCHES 

Additional new drainage ditches, if required, shall be 
constructed by the Subcontractor for collection of 
contaminated wastewater into the retention basins or for 
offsite discharge of water from uncontaminated areas. 

3.3 MAINTENANCE 

A. The Subcontractor shall be responsible for the maintenance of 
dewatering and drainage facilities during the term of the 
Subcontract. Drainage ditches may require periodic cleaning. 
Ditches shall be kept free of sediment deposits, debris and 
other materials that may restrict or prevent drainage. The 
Subcontractor, when directed by the Contractor, shall remove 
and replace all items not functioning properly because of 
clogging, damage, or deterioration. 

B. After removal of uncontaminated material, the Subcontractor 
shall fill all depressions and low spots where surface water 
can pond. The areas shall be graded to drain • 
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3.4 REMOVAL 

~ A. When no longer required for water control: 

~ 

~ 

1. Dewatering equipment shall be removed and disposed of as 
Subcontractor's property. 

2. Contaminated sediments deposited in the wastewater 
retention basins shall be removed and placed in the 
tailings embankment as specified in Section 02200 and as 
required by the Contractor. Uncontaminated sediments may 
be used in the grading of uncontaminated areas of work. 

3. Areas occupied by the wastewater retention basins, dikes, 
spillway, and temporary drainage ditches shall be 
restored and graded to drain as specified in Section 
02200 and as shown on the Subcontract Drawings. 

PART 4 - MEASUREMENT AND PAYMENT 

4.1 MEASUREMENT 

4.2 

Separate measurement for payment will not be made for 
dewatering and drainage work specified in this Section. 

PAYMENT 

Separate payment will not be made for dewatering and drainage 
work specified in this Section. Full compensation for 
furnishing all materials, equipment, labor, tools, 
accessories, incidentals, and for performing all work as 
specified in this Section including, but not limited to, the 
construction of additional lined and unlined temporary 
drainage ditches, check dams, temporary detention ponds or 
other facilities, the provision of pumps, sumps, piping, 
valves, meters, gages, other accessories and incidentals such 
as pipe supports, excavation and backfill of pipes and pipe 
supports, and the like, if required, will be considered to be 
included in the related applicable items of Work specified in 
the Subcontract. 

END OF SECTION 02141 
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SECTION 02200 

PART 1 - GENERAL 

1.1 SCOPE 

A. This Specification Section covers earthwork for the 
following: 

1. Excavation of contaminated materials from the Mexican Hat 
and Monument Valley sites. 

2. Transportation of contaminated materials from Monument 
Valley to Mexican Hat. 

3. Excavation of uncontaminated common materials. 

4. Excavation of uncontaminated rock materials. 

5. Construction of the tailings embankment excluding radon 
barrier and erosion protection which includes disposal of 
(contaminated and uncontaminated) demolished materials 
and debris and other contaminated materials including the 
following in the construction of the tailings embankment: 

a. Existing stockpiles of demolished materials, debris 
and rubble. 

b. Demolished materials and debris resulting from work 
specified in Section 02050. 

c. Contaminated cleared vegetation resulting from site 
clearing specified in Section 02110. 

d. Contaminated sediments from retention basins, dikes 
and ditches specified in Section.02141. 

e. Stockpiled contaminated vicinity property materials. 

6. Construction of permanent drainage ditches. 

7. Finish grading of the site, including restoration and 
regrading of areas occupied by existing temporary 
drainage ditches, existing wastewater retention basins 
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and dikes, existing contaminated water recirculation 
pond, sumps, and temporary facilities areas . 

8. Placement of selected rockfill from on-site stockpiles. 

9. Furnishing and installing new displacement monuments and 
extend existing displacement monument as shown on the 
Subcontract Drawings. 

1.2 WORK NOT INCLUDED 

A. Earthwork related to the construction of offsi te construction 
facilities specified in Section 01500 is not included in this 
Section. 

B. Earthwork for pipe trenches is not included in this Section. 

c. Construction of protective cover of the tailings embankment 
and for permanent ditches and gullies. Protective cover 
includes (1) radon barrier materials, (2) bedding materials, 
and (3) erosion protection materials. 

D. Delivery and stockpiling of contaminated vicinity property 
materials in the tailings embankment by others. 

[Text Deleted]* 

1.3 RELATED WORK 

A. Section 00800 - Special Conditions 

B. Section 01300 - Submittals 

c. Section 01500 - Construction Facilities 

D. Section 01560 - Temporary Controls 

E. section 02050 -·Demolition 

F. Section 02110 - Site Clearing 

G. Section 02141 - Dewatering and Drainage 

H. Section 02228 - Radon Barrier 

I. Section 02278 - Erosion Protection 

1.4 DEFINITIONS 

A. Contaminated materials and uncontaminated materials are 
defined in Article SC-1 of the Special Conditions. 

* P.I.D. 09-S-15 

HAT-MON 

Document No. 3885-HM-S-01-02248-04 
Issued for Construction-Revision 1 

Earthwork 
02200 - 2 

0164S/WP51 
080392 



• 

• 

• 

B. Excavation: Excavation shall include excavation of all 
materials including silt, clay, sand, gravel, talus, soft or 
disintegrated rock, boulders or detached pieces of solid rock 
and rippable rocks {see definition) but shall exclude rocks 
requiring drilling and blasting operations or grinding and 
planing. Excavation shall be classified into the following 
categories: 

1. Contaminated Materials Excavation. 

2. Uncontaminated Materials Excavation. 

c. Contaminated Materials Excavation: Contaminated materials 
excavation shall include excavation of contaminated materials 
regardless of the nature (soil or rock) of the materials from 
the tailings piles, existing and heap leach pads area at 
Monument Valley, windblown and waterborne areas, the 
wastewater retention basins, and the dikes. 

D. Uncontaminated Materials Excavation: Uncontaminated 
materials excavation shall include excavations of 
uncontaminated materials from the various areas of the site 
including, but not limited to, excavations for permanent 
drainage ditches and for finish grading. Uncontaminated 
materials excavation shall be classified into common 
excavation and rock excavation in accordance with the 
following designations and classifications: 

1. Rock Excavation:· Rock excavation shall include 

HAT-MON 

excavation by drilling and blasting or by grinding and 
planing of material classified as rock and shall include 
the satisfactory removal of boulders 1/2 cubic yard or 
more in volume; solid rock; rock material that is in 
ledges, bedded deposits, and unstratified masses, which 
cannot be removed without systematic drilling and 
blasting; and conglomerate deposits that are so firmly 
cemented as to possess the characteristics of solid rock 
that is impossible to remove without systematic drilling 
and blasting. The Subcontractor shall not proceed with 
the excavation of this material until the Contractor has 
classified the materials as common excavation or rock 
excavation and cross-sections are taken as required. 
Failure on the part of the Subcontractor to uncover such 
material, notify the Contractor, and allow ample time for 
classification and cross-sectioning of the undisturbed 
surface of such material will cause the forfeiture of the 
Subcontractor's right of claim to any classification or 
volume of material to be paid for other than that allowed 
by the Contractor for the areas of work in which such 
deposit occurs • 
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2. Common Excavation: Common excavation shall include the 
satisfactory removal of all such materials including 
rippable rocks (see definition below), not materials 
classified as rock excavation defined above. 

E. Overexcavation: overexcavation is defined as (1) excavation 
carried out beyond the lines and grades indicated on the 
Subcontract Drawings or in the Subcontract Specifications or 
(2) excavation not authorized by the Contractor. 

F. Slimes: Slimes are the fraction of the tailings consisting 
of silty clay, clay and clayey silt, generally defined as 
containing 70 percent or more of minus No. 200 sieve 
material. 

G. Percent Maximum Density: Percent maximum density is the 
field dry density expressed as a percentage of the maximum 
dry density obtained by the test procedure presented in ASTM 
D698, as applicable. 

H. Tailings Embankment: Tailings embankment shall consist of in 
situ tailings pile materials, contaminated windblown/ 
waterborne materials from the Mexican Hat site, relocated 
tailings from Monument Valley and other areas of the site, 
including contaminated materials from windblown and 
waterborne areas, heap leach pads area, wastewater retention 
basins, contaminated water recirculation pond, demolished 
materials and debris, vicinity property materials and the 
protective cover materials. 

I. Subgrade Preparation: Preparation of surfaces of excavations 
including permanent drainage ditches, backfills, apron, and 
embankments upon which bedding materials, riprap, or other 
features are to be constructed. Such surface preparation 
shall include mixing and manipulation, fine grading'· and 
compaction of materials. 

J. Cover: Cover shall consist of the layers of following fill 
materials placed over the relocated contaminated materials in 
the tailings embankment as shown on the Subcontract Drawings: 

1. Bedding and riprap materials. 

2. Radon barrier material. 

K. Demolished Materials and Debris: 

1. Demolished materials and debris resulting from the 
demolition work specified under this Subcontract • 
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2. Stockpiles of Demolished Materials, Debris and Rubble: 
Existing stockpiles consist of pieces of ore, rock, wood, 
concrete, steel and debris from demolished work specified 
under this Subcontract. 

L. Finish grading of the site shall include excavation, fill and 
backfill of the various areas of the site including removal 
of retention basin dikes (existing), backfilling of temporary 
drainage ditches (existing), wastewater retention basin 
(existing), contaminated water recirculation ponds 
(existing) , and temporary facilities (existing) areas as 
shown on the Subcontract Drawings. 

M. Temporary Drainage Ditches: Temporary drainage ditches shall 
include temporary diversion, collection and interceptor 
ditches as required by the Subcontractor or as shown on the 
Subcontract Drawings. 

N. Rippable Rock: Rippable rock is defined as mineral matter in 
place and of such hardness and texture that it can be 
effectively loosened or broken down by ripping in a single 
pass with a late model tractor-mounted hydraulic ripper 
equipped with one digging point of standard manufacturer's 
design adequately sized for use with and propelled by a 
crawler-type tractor Caterpillar Model D10N or equal, 
operating in low gear; or in areas where the use of the 
ripper described above is impracticable, rippable rock is 
defined as mineral material of such hardness and texture that 
it can be loosened or broken down by a 6-pound drifting pick. 
The drifting pick shall be Class D, Federal Specification 
GGG-H-506D, with handle not less than 34 inches in length. 

0. Disposal of Demolished Materials and Debris: Disposal shall 
include loading and transporting demolished materials and 
debris from existing stockpiles or from demolition operations 
performed under the Subcontract, and unloading, placing and 
compacting in the final placement location as indicated on 
the Subcontract Drawings. 

P. Frozen Material or Subgrade or Foundation: Material on 
subgrade or foundation that has a temperature at or below 
32°F and/or generally contains a visible amount of water in 
the form of ice. 

Q. Rockfill Selected by the Contractor: Rockfill from existing 
stockpiles or required rock excavation which is selected by 
the contractor. Selected rockfill generally consists of 
larger size pieces of sound limestone or sandstone which are 
of a better quality than most of the on-site rock • 
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1.5 APPLICABLE PUBLICATIONS 

A. The Publications listed below form a part of this 
Specification to the extent referenced. The Publications are 
referred to in the text by the basic designation only: 

1. American Society for Testing and Materials (ASTM): 

D422-63 

D698-78 

D1556-90 

D2167-84 

D2216-90 

D2487-9.0 

D2922-81 

D3017-88 

D4643-87 

Test Method for Particle-Size Analysis of 
Soils Including Percent Passing No. 200 
Sieve (and excluding hydrometer analysis) 

Test Methods for Moisture-Density Rela
tions of Soils and Soil-Aggregate Mixtures 
Using 5. 5 lb. (2. 49-kg) Rammer and 12-in. 
(305-mm) Drop 

Test Method for Density of Soil in Place by 
the Sand-Cone Method 

Test Method for Density and Unit Weight of 
Soil In-Place by the Rubber-Balloon Method 

Test Method for Laboratory Determination of 
Water (Moisture) Content of Soil and Rock 

Test Method for Classification of Soils for 
Engineering Purposes 

Test Methods for Density of Soil and Soil
Aggregate in Place by Nuclear Methods 
(Shallow Depth) 

Test Method for Water Content of Soil and 
Soil-Aggregate in Place by Nuclear Methods 
(Shallow Depth) 

Standard Test Method for Determination of 
Water (Moisture) content of Soil by the 
Microwave Oven Method 

2. Blasting practices shall generally be in accordance with 
the "Blasters Handbook" - 16th Edition by E. I. du Pont 
de Nemours and Co. (INC) of Wilmington, Delaware 19898. 

3. u.s. Federal Specifications (FS): 
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1.6 PERMITS AND APPLICABLE LAWS 

A. All required Federal, State, and local permits for blasting 
and explosives shall be obtained and paid for by the 
Subcontractor. Copies of such permits shall be furnished to 
the Contractor before any blasting operations are started. 

B. All blasters and blasting foremen shall be properly qualified 
and licensed in accordance with the applicable laws and 
regulations of Federal, State, and local governments. 

c. All transportation and storage of explosives shall be in 
accordance with the applicable laws and regulations of 
Federal, state and local governments. 

1.7 QUALITY ASSURANCE 

A. The Contractor will take soil samples and perform moisture
density, gradation and other tests to ascertain that the work 
is being performed in compliance with these Specifications. 
Samples may be taken at the place of excavation, stockpiles, 
or in the fill itself. The Contractor will conduct the 
density and other tests on the fill and related laboratory 
testing as frequently as the Contractor considers necessary. 
The Subcontractor shall remove surface material and render 
assistance as necessary to enable sampling and testing to be 
carried out • 

B. Methods of Sampling and Testing: 

1. In-Place Density: ASTM D1556, D2167, or D2922 

2. Particle Size Analysis: ASTM D422 

3. Moisture Content: ASTM D2216 

4. Laboratory Moisture-Density Relations: ASTM D698 

5. Soil Classification: ASTM D2487 

6. In-Place Moisture Content: ASTM D3017, or ASTM D4643 

c. Suitability of Materials: The suitability of all materials 
for foundations and backfill will be determined by the 
Contractor. Fill material will be approved material from 
borrow areas or required excavations. 

D. The Subcontractor shall make his own determination of any 
processing that may be required and shall perform testing as 
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required to ensure that the materials meet the Specification 
requirements . 

E. The Contractor may direct that inspection trenches or test 
pits be cut into fills to determine that the Specifications 
have been met. such trenches or pits will be of limited 
depth and size, and shall be backfilled with the material 
excavated therefrom, or other fill material meeting the 
requirements for the zones cut into. Backfill shall be 
compacted to a density at least equal to that of the 
contiguous fill. ~ 

F. When the Contractor directs inspection trenches or test pits 
to be excavated into fills and backfills and materials are 
found to meet all Specification requirements, the excavation 
and refilling shall be paid for as additional work pursuant 
to the applicable provisions of the General Conditions. 
Inspection trenches or test pits, and the refilling of the 
same, shall be at the Subcontractor's expense when it is 
found that the materials do not meet the Specification 
requirements. 

G. Tolerances: See Specification Section 01052, Article 1.8. 

1.8 SUBMITTALS 

A. General submittal requirements are specified in Section 
01300. 

B. At least 90 days before opening borrow areas, the 
Subcontractor shall submit a mining plan for each separate 
borrow area. The plan shall include method of stripping and 
processing of materials, excavation plan, and a site 
restoration plan. 

c. At least 30 days before commencing blasting operations, the 
Subcontractor shall submit to the Contractor for review a 
detailed blasting plan covering the area to be blasted. The 
blasting plan shall contain complete hole layouts, proposed 
loading, delays and all information required by this 
Specification. The Contractor may require changes in the 
blasting plan if the results of blasting do not meet 
Subcontract requirements. 

D. All changes in the blasting plan shall be submitted for 
approval at least 48 hours prior to the time of the proposed 
changes. 

E. At least 48 hours before blasting within one-quarter mile of 
a stream course, the Subcontractor shall submit for approval 
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a plan showing all details of his proposed blasting operation 
and the scheduled time for the blast . 

F. The Contractor's review of the Subcontractor's proposed 
blasting procedures shall not be construed to relieve the 
Subcontractor of his responsibility to protect existing 
facilities not to be demolished. Any damage done by the 
Subcontractor's operations shall be repaired at 
Subcontractor's expense. 

[1.9 SAFETY PROVISIONS FOR BLASTING]* 

A. The Subcontractor shall provide and operate at all times an 
instrument for the detection of approaching electrical 
storms, including an automatic alarm such as a Litton TSM/C. 

B. Electrical Storms: No explosive material shall be handled, 
transported or in any way made use of during any period of 
electrical storm or lighting or other electrical phenomenon. 
In the event that any such condition should appear imminent 
or occur, or if some known leakage of electricity should 
occur in the neighborhood of, or in, the work, while the 
transport, handling, making-up or charging or other use of 
explosives is being effected, then the work shall be eva
cuated and abandoned completely until at least thirty minutes 
after the condition has ceased or the leakage stopped. 

C. Detonating Explosive Charges: 

1. Only approved exploding devices shall be used for 
detonating charges. Under no circumstances are lighting 
and power cables to be used for detonating. All pipes, 
ducts, track, and other metal shall be properly grounded. 

2. An adequate warning system shall be provided by the 
Subcontractor to ensure that all personnel, staff, 
visitors and anyone else are at a safe distance before 
blasting takes place. 

3. No radio transmitter shall be operated within 75 feet of 
the area where electric blasting operations are in 
progress. 

4. No naked lights or sparks are allowed anywhere in the 
vicinity of blasting operations on the surface. 

5. Where detonating is carried out electrically the 
Subcontractor shall take every precaution necessary to 
prevent premature explosions and misfires. Before 

* P.I.D. 09-S-15 
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6. 

connection of the detonating wires to the detonating 
cable the round shall be tested for electrical continuity 
in an approved manner with an approved testing device or 
meter. In the event that this testing should show a lack 
of continuity then the round shall be retested leaving 
out one detonator at a time until the fault is 
identified. Should this procedure identify a faulty 
detonator then stemming shall be carefully removed from 
the hole and an additional primer inserted and wired into 
the circuit in place of the defective one. No attempt 
shall be made to draw a defective detonator or primer. 
On satisfactory completion of the circuit all workers 
other than those immediately necessary shall be withdrawn 
to a safe distance before detonating wires are connected 
to the detonating cable, and the connection of the 
detonating cable to the detonator shall be the last 
operation: 

Where detonating is carried out by electricity, following 
a blast, before any person returns to the work place 
affected by the operation, 

a. The detonating cables shall be withdrawn from the 
battery, blasting machine or other source of 
electricity and shall be short circuited. 

b. The blasting switch shall be locked in the open 
position . 

7. Blasting cables and wires shall be clearly 
distinguishable from other cables and wires and shall 
only be used for blasting. 

D. Misfires of Explosive Charges: 

1. Should a misfire occur, then the Subcontractor shall. warn 
all persons affected, and no persons other than those 
required shall enter the workings until the charge has 
exploded or, in the case of electrical detonating, an 
interval of at least twenty minutes has elapsed after 
operation of the exploder. 

2. A misfired detonator may only be removed from the face by 
means of approved apparatus which permits such an 
operation to be carried out with absolute safety. Under 
no circumstance shall charges which have misfired be 
otherwise tampered with. Should it prove impossible to 
extract the charge with safety, then the Contractor may 
authorize the Subcontractor to explode the charge by 
sympathetic detonation, the greatest care being taken to 
ensure that no new hole is drilled to intersect an old 
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1.10 

A. 

one or that the unexploded charge is in any other way 
affected. After the second shot is detonated, the search 
shall be made for the unexploded charge. 

PROTECTION 

The Subcontractor shall preserve and protect the following: 

1. Trees, shrubs and other features remaining as a portion 
of final grading. 

2. Bench marks and monuments, existing structures, fences, 
walks, pavings, curbs, etc. from equipment and vehicular 
traffic. 

3. Utilities not specified for removal. 

4. Excavations from cave-in by shoring, bracing, sheet~ 
piling, underpinning or by other methods. 

5. Bottoms of excavations and soil adjacent to and beneath 
foundations from frost. 

6. Perimeter of excavation to prevent surface water runoff 
into excavation • 

7. Monitor wells to be saved. 

8. Finished work. 

9. Existing features not part of this Subcontract, e.g., 
existing roads or existing wells. 

10. Archaeological areas identified by the Contractor or 
encountered during the work. 

11. Displacement monuments. 

1.11 EXISTING CONDITIONS 

The Subcontractor shall not disturb the existing asbestos
containing materials burial area shown on the Subcontract 
Drawings . 
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PART 2 - PRODUCTS 

2.1 EXPLOSIVES 

A. A record shall be maintained by the Subcontractor for storage 
and withdrawal of explosive stocks and detonators. The 
inventory record shall be subject to inspection at all times. 
The Subcontractor shall provide such reasonable and adequate 
protective facilities as may be necessary to prevent loss and 
theft of explosives and to minimize hazards of subversive 
action or sabotage. Loss or theft of explosives shall be 
reported to the Contractor immediately. overnight storage of 
explosives and detonators outside of the magazine will not be 
permitted. Only qualified personnel shall be permitted to 
handle explosives. 

2.2 UNCONTAMINATED FILL MATERIALS 

A. General: 

1. Fill materials shall be obtained from required 
excavations and from borrow areas shown on the 
Subcontract Drawings or from other approved borrow areas 
selected by the Subcontractor and approved by the 
Contractor . 

2. The Subcontractor shall be responsible for obtaining 
required permits and approvals for Subcontractor
selected borrow areas in accordance with the provisions 
of Article SC-11 of the Special Conditions. Designation 
of a borrow area does not indicate that all material 
within that area meets the Specification requirements 
specified herein. 
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a. The Subcontractor shall make his own determination 
of any processing or selective excavation that may 
be required, and shall perform testing as required 
to meet the Specifications for the various 
construction materials. 

b. Submittals to the Contractor for approval of sources 
proposed for use by the Subcontractor shall include 
boring logs, borrow area maps and supporting 
laboratory test data. The Subcontractor also shall 
provide evidence of availability, right of access to 
private property including access by the Contractor 
for sampling and testing, and his plan for hauling 
the materials to the site. Submittals for approval 
of sources for uncontaminated fill materials shall 
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c. 

be received by the Contractor at least 30 days {60 
days for radon barrier materials) before use of the 
material at the site. The Contractor may perform 
additional tests to determine if the materials meet 
the requirements specified herein. 

Approval will be based on evidence of compliance 
with the requirements specified herein and on 
verification by the Subcontractor that the volume of 
materials available is sufficient for construction 
requirements. 

3'. Gradations: Gradations specified shall be as determined 
after delivery to the site, except where normal 
compaction operations reduce materials to acceptable 
sizes, in which case in-place gradations shall be 
acceptable. 

B. Uncontaminated Common/General Fill Materials: Uncontaminated 
common/general fill materials for general fill shall conform 
to the following requirements. All references to 
"uncontaminated fill" or "uncontaminated fill materials" 
shall mean "uncontaminated common/general fill" or 
"uncontaminated common/general fill materials". 

1. Uncontaminated fill materials shall not contain more than 
5 percent, by volume, of organic material or other 
deleterious substances . 

2. Maximum particle size shall not be greater than the 
compacted lift thickness in any dimension, except as 
noted hereinafter. Individual large stones shall be 
distributed within the fill materials to provide visual 
void-free mass, and be able to meet the require~ents of 
Article 3.8. For fill areas under pavement locations, 
maximum stone dimension allowed in the upper 6 inches of 
the fill shall be 4 inches. Larger stones may be 
utilized in initial backfill in the lower layers of 
finish grading of the site. 

2.3 CONTAMINATED FILL MATERIALS 

Contaminated materials as defined in Article sc-1 of the 
Special Conditions resulting from the clearing, stripping and 
excavation operations in contaminated areas. These materials 
shall include materials excavated from tailings piles, 
windblown and waterborne areas, contaminated sediments from 
drainage ditches and wastewater retention basins, 
recirculation pond, and any other areas designated by the 
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Contractor including vicinity properties and demolished 
materials and debris . 

2.4 DEMOLISHED MATERIALS AND DEBRIS 

A. The demolished materials and debris shall include the 
following: 

B. 

2.5 

2.6 

1. Existing stockpiles of contaminated and uncontaminated 
demolished materials and debris. 

2. contaminated and uncontaminated demolished materials and 
debris resulting from work specified under Sections 02050 
and 02110. 

3. Rubble and debris located within the site boundary. 

For disposal purposes all demolished materials and debris 
shall be considered as contaminated materials. 

VICINITY PROPERTY MATERIALS 

Excavated contaminated materials resulting from cleanup of 
vicinity properties will be hauled to the site and stockpiled 
on the tailings embankment by others. The Subcontractor 
shall make provisions in his schedule and work plan for 
placement and compaction of vicinity properties materials 
stockpiled in the tailings embankment by others. The 
Subcontractor shall make allowances for decontamination of 
vicinity property subcontractor vehicles. 

ROCKFILL SELECTED BY THE CONTRACTOR 

Rockfill selected by the Contractor shall come from either 
existing stockpiles as designated by the Contractor or from 
required rock excavations as selected by the contractor. 

PART 3 - EXECUTION 

3.1 PROTECTION OF EXPOSED SURFACES 

A. During seasonal shutdowns and during other periods of 
prolonged exposure (more than six weeks) of excavated or 
filled areas, the Subcontractor shall provide labor, 
materials and equipment, as required by the Contractor, to 
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maintain and protect exposed surfaces of uncontaminated and 
contaminated materials against wind erosion and excessive 
stormwater erosion. Prior to the application of protective 
erosion control measures, the exposed surfaces shall be 
sloped to drain and compacted with a smooth drum roller to 
eliminate ruts and ridges formed by construction equipment. 
Unless otherwise approved by the Contractor, acceptable 
methods of erosion protection are as follows: 

[1. Spraying with Water containing Chemical Additives: 
Acceptable chemical additives are CPB-12 as manufactured 
by Wen-Don Corporation, 206 West 2nd South, Price, Utah 
84501; "Soil Seal Concentrate" as manufactured by Soil 
Stabilization Products Company of Merced, California; 
"Soil-Sement" as manufactured by Midwest Industrial 
Supply, Inc. of Canton, Ohio; or approved equal. Mixing 
and application shall be in accordance with the manu
facturer's recommendations.]* 

2. Covering exposed surfaces with geotextile fabric such as 
"Supac" as manufactured by Phillips Fibers Corporation of 
Sacramento, California, or approved equal. Handling and 
installation shall be as recommended by the manufacturer 
of the product. 

(B. After removal of contaminated materials and completion of 
finish grading, the Subcontractor shall provide labor, mate
rials and equipment as required by the Contractor to protect 
exposed surfaces against erosion. This shall be achieved by 
spraying with water containing chemical additives such as 
CPB-12 as manufactured by Wen-Don Corporation, 206 West 2nd 
South, Price, Utah 84501; "Soil Seal Concentrate", as manu
factured by Soil stabilization Products Company of Merced, 
California; "Soil-Sement" as manufactured by Midwest Indus
trial Supply, Inc. of Canton, Ohio; or approved equal. Mixing 
and application shall be in accordance with the manufactur
er's recommendations. Exposed rock surfaces do not require 
treatment. The soil sealant shall only be applied to areas 
that are backfilled or where uncontaminated soils remain.]* 

[c. Following a seasonal shutdown or period of prolonged exposure 
of more than six {6) weeks, the Contractor will verify by 
density test, that the last lift of material placed has been 
maintained at the applicable minimum specified density. 
Verification by density test will be performed prior to plac
ing any additional materials on the surface and at frequen
cies described in Article 3.7. Material failing to meet the 
specified density requirements shall be removed or reworked 
to satisfy the minimum specified density requirements.]* 

* P.I.D. 09-S-15 
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3.2 EARTHWORK - GENERAL 

~ A. Preparati~n: 

~ 

~ 

1. Clearing and stripping shall be as specified in Section 
02110. 

2. Required lines, levels, contours and datum shall be 
identified before the start of earthwork operations. 

3. The Subcontractor shall verify the existing above-ground 
and underground utilities, identify them, and notify the 
Contractor immediately of his finding, if any, for 
appropriate action. 

B. Dewatering and Drainage: Prior to commencement of earthwork 
operations, the Subcontractor shall verify that the 
dewatering and drainage facilities are constructed and 
operational in accordance with the requirements of Section 
02141. 

c. In order to avoid cross-contamination of uncontaminated 
material, the contaminated and uncontaminated materials shall 
be kept separated during earthwork operations. stockpiles of 
contaminated materials shall be placed on contaminated areas 
and the drainage collected in the retention basin. 

D. Earthwork shall conform to lines an4 grades indicated on the 
Subcontract Drawings or specified in this Section. 

E. The excavated uncontaminated common materials, where 
practicable, shall be used as fill in various areas of the 
sites including general fill, roadway fill, structure fill, 
backfill, fill for the final grading of the site and for the 
construction of the tailings embankment, as required. 

F. The excavated uncontaminated rock materials shall be placed 
in the spoil area indicated on the Subcontract Drawings. The 
Contractor may direct the Subcontractor to place selected 
excavated uncontaminated rock materials in stockpiles. 
Rockfill selected by the Contractor shall come from existing 
or new stockpiles of selected, excavated, uncontaminated 
rock. 

3.3 EXCAVATION 

A. General: 

1. Excavation shall be carried out to reach the lines and 
grades indicated on the Subcontract Drawings or specified 
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herein, or, in the case of contaminated materials, as 
required by the Contractor's Health Physics Personnel • 

2. At all times, the Subcontractor shall conduct his 
operations in such a manner as to prevent free standing 
water and contamination of uncontaminated materials. The 
Subcontractor shall, as a minimum, take the following 
measures to safeguard against such problems: 

a. Water leaving a contaminated excavation area or 
contaminated area otherwise disturbed by 
construction activities shall be routed into the 
retention basin as specified in Section 02141. 

b. Exposed surfaces of contaminated and uncontaminated 
materials excavations shall be protected from 
erosion as specified in Article 3.1 above. 

3. The Subcontractor shall remove all excavated material 
from the excavation site and dispose of it in fills 
required at the site or use it for other purposes, as 
approved. 

4. Unsuitable or low density subgrade material no~ readily 
capable of in-place compaction shall be excavated as 
directed by the Contractor and disposed of as specified 
in Article 3.4 . 

[5. Adequate working space for safety of personnel shall be 
provided within the limits of the excavation. Extra 
precautions shall be taken to protect workers when exca
vating near steep rock faces. Boulders or loose rock on 
the rock face shall be removed as they become exposed.]* 

6. Except as otherwise noted, care shall be exercised to 
preserve the material below and beyond the lines of all 
excavation. Where excavation is carried below grade, the 
Subcontractor shall backfill to the required grade or to 
indicated invert grade, as specified, and recompact the 
backfill to meet the existing conditions. 

7. Excavation for the convenience of the Subcontractor shall 
conform to the limits approved by the Contractor and 
shall be at no additional expense to the Contractor. 

8. Excavated material shall be placed at sufficient distance 
from edge of excavations to prevent cave-ins or bank 
slides. Slopes of excavated cuts and stockpiles shall 

* P.I.D. 09-S-15 
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not be steeper than 2(H) to 1(V) unless indicated 
otherwise on the Subcontract Drawings . 

9. Where practicable, suitable materials removed from 
excavation shall be used as fill or backfill. 

B. Contaminated Materials Excavation: 

1. Contaminated materials excavation shall include 
excavation of (a) contaminated materials from the 
tailings piles at the Monument Valley site, (b) windblown 
and waterborne off-pile areas including wet slimes and 
rippable rock, at both sites, and (c) existing retention 
basins and dikes and heap leach pads area. The 
Subcontractor shall minimize the open excavation area of 
contaminated materials at any time during excavation 
work. The Subcontractor shall operate from one or two 
sides at one time, progressing uniformly to opposite 
sides for completion, unless directed otherwise by the 
Site Manager. Contaminated materials shall be excavated 
to the depths indicated on the Subcontract Drawings, or 
as required by the Contractor, and placed in the proper 
part of the tailings embankment. Contaminated materials 
will be excavated generally in priority of its placement 
in the tailings embankment to minimize rehandling and 
stockpiling. Excavation shall be carried out to the 
limits and grades required by the Contractor. Rock 
requiring drilling and blasting operations shall not be 
included in this excavation. 

[ 2. The Subcontractor shall remove contaminated material from 
rippable rock surface to acceptable finish. Examples of 
an acceptable rock finish are available at each site. The 
locations of areas with an acceptable rock finish are 
shown on the Subcontract Drawings. The Subcontractor 
shall employ whatever equipment methods are necessary in 
order to achieve an acceptable rock finish, and remove 
windblown/waterborne contamination from within rock 
crevices.)* 

3. During excavation operation, tests will be performed by 
the Contractor to determine radioactive contamination of 
the material to be excavated. 

c. Uncontaminated Materials Excavation: 

1. General: Uncontaminated materials excavation shall 
include excavations of uncontaminated materials from the 

* P.I.D. 09-S-15 
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2. 

various areas of the site. The excavated materials shall 
be used as fill in various areas of the sites including 
construction of berms, dikes, general fill, roadway fill, 
structure fill, backfill, and fill for final grading of 
site, as required. Uncontaminated excavated material may 
be stockpiled for later use. 

Rock Excavation: 

a. The Subcontractor shall perform required rock 
excavation to the limits shown on the Subcontract 
Drawings or as directed by the Contractor. 

b. care shall be exercised to avoid excessive overbreak 
beyond or below grade lines of excavation. 

c. Blasting methods and procedures shall be such that, 
upon completion of the excavation, all rock surfaces 
will be sound and relatively uniform. Explosives 
shall be of such quantity and power and shall be 
used in a manner that will minimize opening of seams 
and disturbing of rock outside the prescribed limits 
of excavation. As the excavation approaches its 
final limits, the depths of holes for blasting and 
the quantity of explosives used for each hole shall 
be reduced so that the rock underlying or adjacent 
to the final limits is not shattered or otherwise 
disturbed. 

d. The Subcontractor shall remove all shattered 
material and debris from excavation. 

e. Excavated rock materials shall be used as fill, 
where required, or may be stockpiled in approved 
locations for later placement as fill. 

f. Where shown on the Subcontract Drawings, rock shall 
be chipped or ground to final grade. Blasting or 
ripping of rock within this area will not be 
permitted. 

3. Permanent Drainage Ditches Excavation: 

HAT-MON 

a. Ditches shall be excavated true to line and grade. 
Any erosion which occurs to ditch excavation before 
placing erosion protection materials shall be 
repaired with compacted backfill. All such repairs 
shall be at Subcontractor's expense and shall not be 
included in pay quantities, unless otherwise shown 
on the Subcontract Drawings • 
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b. Where the subgrade consists of common fill, the 
subgrade shall be compacted as specified in Article 
3. 8 below. After compaction has been completed, 
finish grading shall be done in such a manner that 
the sideslopes and bottom are rendered smooth 
surfaces. All loose rocks, brush, roots, large 
clods, and other objects shall be removed before 
placement of the bedding material and the riprap 
material. 

4. Borrow Area Excavation: 

a. General: 

1) Borrow areas for general fill are indicated on 
the Subcontract Drawings. 

2) Borrow areas shall meet 
negotiated requirements as 
Contractor. 

all permit and 
required by the 

3) Necessary clearing, grubbing, and disposal of 
debris shall be performed by the Subcontractor 
as incidental operations to the borrow 
excavation. 

4) After borrow excavations are completed, borrow 
areas shall be graded to drain. Natural 
drainage patterns shall be maintained. 

5) Where general fill materials are not available 
in sufficient quantity from the required 
excavations, such materials shall be obtained 
from approved offsite borrow areas. 

b. The Subcontractor shall notify the Contractor at 
least 30 days in advance of opening any borrow area 
so that adequate time will be allowed for testing 
the material. 

3.4 DISPOSAL OF EXCAVATED MATERIALS 

A. Contaminated Materials: All contaminated materials excavated 
from the Mon tailings piles, retention basins, heap leach 
pads, windblown, and other areas of the site shall be used in 
the construction of the tailings embankment as specifieq 
herein. Contaminated material will be placed in the tailings 
embankment by priority generally as indicated Article 
3.5.B.5. Radiological monitoring of contaminated materials 
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or construction expediency may change this priority, as 
directed by the Contractor. 

B. Uncontaminated Materials: 

1. Materials excavated from the sites, including excavations 
for drainage ditches which do not classify as 
contaminated materials, shall be used as uncontaminated 
material fill for construction of various features, or 
stockpiled for later use for site grading as specified in 
this Section and as required by the Contractor. 

2. Where used in fills, such material shall be transported 
directly from the excavation and placed in its final 

·position in such fills whenever possible. If required by 
the Subcontractor's schedule, the material may be placed 
temporarily in stockpiles at approved locations. 
Material in stockpile shall be protected from 
contamination of any kind that would render it unsuitable 
for use in fills. 

3. Clean, sound, unweathered rock, of suitable material, 
from the required excavation may be incorporated into 
fills, after processing as necessary, provided it meets 
the appropriate specifications and as approved by the 
Contractor • 

4. Uncontaminated Common and Rock Materials: See Article 
3.2, Paragraphs E and F. 

5. Garbage, refuse, debris, oil, and any waste material 
which is harmful to the environment shall be removed from 
the job site and disposed of offsi te in a manner approved 
by the authority having jurisdiction over the offsite 
disposal facility. 

6. Excess uncontaminated materials shall be disposed of on 
site or in the spoil area shown on the Subcontract 
Drawings as approved by the Contractor. 

C. Disposal of Demolished Materials and Debris: 

1. Existing stockpiles of demolished materials and debris, 
and demolished materials and debris resulting from 
demolition work specified in Section 02050 shall be 
disposed of in the tailings embankment conforming to the 
applicable provisions of this Section and as required by 
the Contractor. 

2. During construction of the tailings embankment, provision 
shall be made to leave required space at proper location 
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3.5 

A. 

in the embankment for the placement of the demolished 
materials and debris resulting from the demolition work 
specified in Section 02050. 

FILL CONSTRUCTION 

General Requirements: 

1. Clearing and stripping shall be as specified in Section 
02110. 

2. Fill materials shall be placed and compacted to the lines 
and grades shown on the Subcontract Drawings or as 
required by the Contractor. 

3. Prior to placing of uncontaminated fill materials, the 
subgrade will be radiologically surveyed by the 
Contractor to confirm that EPA standards have been met. 
These radiological surveys may cause delays to backfill 
operations of up to seven working days. The 
Subcontractor shall plan his work accordingly. 

4. If any portion of the materials placed as fill does not 
meet the specified requirements, the Subcontractor shall 
remove such material and replace it with fill materials 
meeting the specification at no additional cost to the 
Contractor. 

5. Constructed fills shall be maintained to meet the 
requirements of this Specification until final completion 
and acceptance of the Work. This shall include all 
measures to prevent erosion or contamination during 
construction, including contamination by radioactive 
material. During seasonal or other extended shutdowns, 
all exposed surfaces shall be protected with special 
treatments specified in Article 3.1 above. 

B. Placing Requirements: 

1. Prior to placement of materials, the in-place density of 
the subgrade shall be as specified in Article 3. 9. 
Subgrade preparation, where required, shall be as 
specified in Article 3.8. 

2. No material shall be placed on any portion of the 
subgrade or against or upon any structure until consent 
to place such fill has been obtained from the Contractor • 
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3. Fill materials may require moisture conditioning (wetting 
or drying) prior to compaction. Some tailings slimes 
particularly will require spreading and extended drying 
time prior to compaction. 

4. Fill materials shall be placed in continuous and 
approximately horizontal lifts for their full length and 
width unless otherwise specified or specifically 
permitted by the Contractor. 

5. The following sequence shall be followed in placing 
materials in the tailings embankment: 

[a. Materials from the heap leach pad area and the old 
pile area at Monument Valley including demolished 
materials, boulders, ore and debris.]* 

b. 

c. 

d. 

e . 

f. 

Tailings materials from the new pile area at 
Monument Valley. 

Contaminated materials from windblown, waterborne 
and off pile areas. 

Vicinity property material as delivered to the site 
and as directed by the Contractor. 

Excess uncontaminated materials from required 
excavations, including retention basin dikes. 

Radon barrier material: The entire thickness shall 
be amended with 10 percent bentonite. 

g. Bedding material. 

h. Riprap protection. 

6. Method of dumping and spreading the materials shall 
ensure uniform distribution of the material. 

[7. The loose thickness of each layer shall not be greater 
than that required to achieve the specified compaction. 
For material containing particles having a maximum 
dimension of less than 10 inches the loose lift thickness 
shall not exceed 12 inches. For material containing 
particles greater than 10 inches, the loose lift shall be 
kept to the minimum constructible thickness, as approved 
by the Contractor. Oversize material shall be placed in 

* P.I.D. 09-S-15 
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8. 

9. 

10. 

accordance with Article 3.5.B.10 and graded to avoid 
ponding of ·surface water. oversize material shall be 
compacted in accordance with Article 3. 5. c. 8. Rubble and 
boulders from Monument Valley shall be broken to a 
maximum rock size of 36 inches before placing in the 
tailings embankment.]* 

Unless otherwise indicated, fill materials shall be 
placed to a grade no flatter than 2 percent to facilitate 
drainage of water. In areas where ponding cannot be 
prevented or ponding has occurred and fill is required to 
be placed, placing shall begin only after the area is 
dewatered and permission to place is obtained from the 
Contractor. 

Materials shall not be placed on frozen subgrade or 
frozen fill, nor shall frozen material be used as fill. 

Bulky (demolished materials and debris) materials shall 
be disposed of in the lower portion of the tailings 
embankment fill. The materials shall be placed evenly in 
each lift to minimize the volume of voids created in the 
disposal mass and to avoid nesting. Organic matter shall 
be distributed to provide a concentration of not more 
than five percent in any area of the embankment. 

11. When no longer needed for control of contamination, as 
determined by the Contractor, the retention basins, 
recirculation pond, and the like shall be removed and the 
area restored. 

c. Compaction Requirements: 

1. Each lift of fill materials shall be compacted to a 
minimum density specified in Article 3.9. 

2. During compaction, the moisture content of fill material 
shall be maintained to achieve specified density. Uniform 
moisture distribution shall be obtained by disking, 
blading, or other methods approved by the Contractor 
prior to compaction of a lift. 

3. If the surface of the prepared foundation or the rolled 
surface of any lift of fill is too dry or too smooth to 
bond properly with the lift of material to be placed 
thereon, it shall be scarified and moistened by 
sprinkling to the acceptable moisture content prior to 
placement of the next lift of fill. 

* P.I.D. 09-S-15 
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4. If the rolled surface of any lift of the fill in place is 
too wet for proper compaction of the lift of fill 
material to be placed thereon, it shall be removed, 
allowed to dry or worked with harrow, scarifier, or other 
suitable equipment to reduce the water content to the 
required amount, and then re-compacted before the next 
succeeding lift of fill is placed. 

5. Fill placed at densities lower than the specified minimum 
density or at moisture contents that make compaction 
difficult shall be reworked to meet the density and 
moisture requirements or removed and replaced by 
acceptable fill compacted to meet these requirements. 

6. Uncontaminated fill material in the stockpile areas shall 
be placed by spreading with a bulldozer and track 
walking. Lift thickness before compaction shall not 
exceed one foot. Compaction shall be accomplished by 
routing of hauling and spreading equipment units. 

7. Unfavorable Weather: Placing, spreading, rolling or 
compacting fill material that is frozen or thawing, or 
during unfavorable weather conditions shall not be 
permitted. , 

8. Compaction of fill with more than 30 percent retained on 
a 3/4-inch standard sieve: 

HAT-MON 

a. Prior to compaction, materials shall be moisture 
conditioned as approved by the Contractor. If 
required, moisture addition shall be limited to the 
amount of water required to lubricate rock 
particles. When adding moisture, care shall be 
taken not to increase the moisture content of 
underlying soils. 

b. Compaction shall be accomplished by any of the 
following combinations of passes and equipment, or 
approved equal combination: 
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Equipment 

BOMAG Vibratory Roller 
Model 213D 

CAT cs 553 Vibratory 
Roller 

CAT Compactor Model 
825C 

Raygo Vibratory Roller 
Model 400A 

Track-Type Tractor with 
Ground Pressure of at 
Least 9.8 psi 

Towed 5x5 Sheepsfoot, 
Fully Ballasted 

Minimum No. 
of Passes for 

90% Compaction 

2 

2 

2 

2 

3 

3 

Minimum No. 
of Passes for 

95% Compaction 

4 

4 

4 

4 

5 

4 

c. Depending on soil conditions, the Subcontractor may 
be required to change the compaction equipment or 
increase the number of passes to achieve the desired 
compaction. Approval of a combination of equipment 
and number of passes suitable for certain soil types 
and conditions may not apply to different soil 
conditions. 

d. Materials shall not be subject to requirements of 
Article 3.8.A. 

3.6 ROCKFILL PLACEMENT 

A. Selected rockfill shall be placed as shown on the Subcontract 
Drawings or as directed by the Contractor. Rockfill shall be 
placed by end dumping and may be spread by bulldozers or 
other suitable equipment. 

B. Rockfill shall be placed so that larger stones are well 
distributed throughout the mesh. Rearranging of individual 
stones will be required to the extent necessary to obtain a 
reasonably well graded distribution of stone sizes • 
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c. Excavated rock other than rockfill selected by the Contractor 
shall be placed on the designated spoil area or in other 
areas within the site as designated by the Contractor. 
Spoiled rockfill shall be compacted by routing tracted 
construction equipment over the surface. 

3.7 FIELD QUALITY CONTROL 

A. General: The Contractor will take samples and perform tests 
throughout the construction period, and the Subcontractor 
shall cooperate in providing access for the Contractor to 
areas where testing is to be performed and shall schedule his 
placing to avoid interference with the testing operations. 

B. Tests: The Contractor will perform the following tests on a 
regular basis. 

1. In-place density and moisture content tests where density 
is specified will be as follows: · 

a. A minimum of one test per 1000 cubic yards of 
contaminated and uncontaminated materials placed 
excluding radon barrier material. At least two 
tests shall be performed for each day of material 
placement in excess of 150 cubic yards • 

b. Foundation and Subgrade: Prior to placing the first 
layer of material on the foundation, the subgrade 
will be inspected to assure that it has no sign of 
deterioration due to frost action, erosion due to 
rainwater, rutting, areas of subsidence, or drying 
out of the surface. The inspection shall verify 
that the foundation surface has been moistened, but 
there is no standing water on the surface and that 
the foundation surface of cohesive soils has been 
scarified or penetrated to ensure proper bonding of 
overlying material. Unacceptable surface material 
shall be either removed or excavated and recompacted 
to Specification requirements. 

[c. A minimum of one test per 3 o, 000 sq. ft. on the 
surface of previously placed materials after a 
seasonal shutdown or period of prolonged exposure 
and prior to placing additional materials.)* 

2. The placing and compaction of temporary stockpiles will 
be subject to the approval of the Contractor. 

* P.I.D. 09-S-15 
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3.8 SUBGRADE PREPARATION 

A. Subgrade Preparation: Subgrade preparation includes fine 
grading and compaction of excavations, backfills, embankments 
(including stockpiles) upon which pavement, surfacing, base, 
subbase, and riprap or other structures are constructed. 

B. The entire surface of the subgrade shall be plowed, harrowed, 
and mixed to a depth of at least 6 inches. Compaction shall 
be carried out for the full area below finished subgrade to 
at least the density specified in Article 3.9 below. 

3.9 COMPACTION DENSITIES 

A. Subgrade of permanent drainage ditches and embankments, and 
each layer of embankment and backfill shall be compacted to 
at least the following percentage of maximum dry density, as 
determined by ASTM D698 test method: 

1. Subgrade Preparation: 

2. Subgrade Preparation for 
Permanent Drainage Ditches 

3. Tailings Embankment Fill 
Except Top 3 feet 

4. Tailings Embankment Fill 
Top 3 feet Immediately Below 
the Bottom of Radon Barrier 

5. Trench Backfill and 
Common Fill 

6. Site Restoration 

3.10 DISPLACEMENT MONUMENTS 

90 percent 

95 percent 

90 percent 

95 percent 

95 percent 

90 percent 

• I • • D1splacement monuments shall be furn1shed and 1nstalled by 
I ' the Subcontractor as shown on the ~ubcontract Draw1ngs. The· 

Subcontractor shall take precautions not to damage the 
existing monument or new monuments once they are installed. 
Damaged monuments shall be replaced by the Subcontractor at 
no additional cost to the Contractor. The Subcontractor 
shall add extension rods to existing monuments as the fill is 
being placed. All displacement monuments shall be 
permanently protected as shown in the Subcontract Documents. 

I 
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PART 4 - MEASUREMENT AND PAYMENT 

4.1 MEASUREMENT 

A. Measurement for payment for the following items of earthwork 
will be by the cubic yards of material excavated and placed 
in the disposal cell. The quantities for payment will be 
computed by average end area method from surveys conducted 
before and after fill operations. Separate measurement for 
payment will not be made for excavation of the materials in 
their original locations. A survey of the existing tailings 
embankment will be required by the Subcontractor prior to 
placement of any materials on the,embankment. 

1. Placement in the Tailings Embankment of all Contaminated 
and Other Materials Including Demolished Materials, 
Debris, Rubble and Vicinity 'Property Materials (Bid 
Schedule Item 401) 

B. Measurement for payment for the following items of excavation 
will be by the cubic yards of rttaterials excavated. The 
quantities for payment will be computed by average end area 
method from surveys conducted before and after excavation 
operations: 

1. Rock Excavation for Finish G~ading of the Mexican Hat 
site Including Ditches and 'Gullies and Grinding or 
Planing of Rock Adjacent to the North Ditch (Bid 
Schedule Item 801) ' 

c. Measurement for payment for the following items of fills will 
be by the cubic yards of materials placed. The quantities 
for payment will be computed by a~erage end area method from 
surveys conducted before and after placement: 

I 

1. Uncontaminated Material Fill 1for Finish Grading of the 
Mexican Hat and Monument Valley Sites (Bid Schedule Item 

2. 

802) I 
I 

Rockfill Selected by Contractor for Finish Grading of the 
Mexican Hat Site (Bid Schedu'le Item· 803) 

I 

D. Measurement for payment for the following items of work will 
be by the acre measured in the horizontal plane from surveys 

·conducted before and after the work as shown on the 
Subcontract Drawings, or by the 'methods determined by the 
Contractor: 

1. Fine Grading of Existing Side Slopes of the Tailings 
Embankment (Bid Schedule Item 402) 

' 
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2. Cleanup of Rock surfaces at the Mexican Hat and Monument 
Valley Sites (Bid Schedule Item 403) 

E. Separate measurement for payment·will not be made for the 
following items, and such work will be considered incidental 
to the related items of work: 

1. Subgrade preparation. 

2. Stockpiling of excavated materials. 

3. Required rehandling of materials. 

4. Blasting. 

5. Borrow area excavation, restoration, reseeding and 
incidental activities. 

• I • 6. Protect1on of exposed surfaces dur1ng shutdown. 
I 

F. overexcavation: overexcavation 1 for the Subcontractor's 
convenience or due to error or I lack of control by the 
Subcontractor will not be measured for payment. At the 
discretion of the Contractor, .overexcavation shall be 
backfilled with compacted unconta~inated fill, as required, 
at the Subcontractor's expense. 

I 

G. Separate measurement for payment 1 will not be made for any 
other excavations or fills specified in this Section. 

H. Measurement for payment for furnishing and installing 
displacement monuments will be by the number of new monuments 
installed. The price shall includ'e extending and protecting 
the existing displacement monuments. (Bid Schedule Item 404) 

4.2 PAYMENT 

A. Payment for the item of Article 4.1.A above will be by the 
applicable unit price per cubic yard quoted therefor in the 
Bid Schedule. The price quoted shall include full 
compensation for excavating, loading, hauling, unloading, and 
placing the excavated materials 'in their final locations 
including all clearing, stripping, grading, shaping, 
preparing subgrade, compacting, temporary stockpiling and 
required rehandling. 

B. Payment for the items of Article 4.1.B above will be by their 
applicable unit prices per cubic y;ard quoted therefor in the 
Bid Schedule. The prices quoted shall include full 
compensation for excavating, h~uling, and placing the 
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c. 

D. 

excavated materials in temporary stockpiles, or in spoil 
areas if excess or unsuitable for use as fill, as required, 
including all clearing, stripping, shaping, and compacting 
such stockpiles or areas as specified. 

Payment for the items of Article 4.1.C above will be by their 
applicable unit prices per cubic yard quoted therefor in the 
Bid Schedule. The prices quoted shall include full 
compensation for hauling the materials from excavated areas 
or retrieving the materials from 'temporary stockpiles, and 
placing and compacting the materials in their final locations 
including all clearing, stripping, grading, shaping, 
preparing subgrade, and compacting. The prices quoted shall 
also include full compensation ' for furnishing imported 
uncontaminated materials from the Subcontractor's own 
sources. No separate payment will be made for temporary 
stockpiles and rehandling or for moisture/dust controls which 
are considered included in the Subcontract unit prices. 

Payment for the items of Article 4~1.D above will be by their 
applicable unit prices per acre quoted therefor in the Bid 
Schedule. The prices quoted shall include full compensation 
for removing the materials from the required areas, as 
required, and placing the excavated materials in their final 
locations including all grading, shaping, preparing subgrade, 
and compacting, as required • 

E. Separate payment will not be made 'for the items mentioned in 
Article 4 .1. E above. · All costs for such work will be 
considered to be included in the prices quoted for the 
applicable related items of work., 

F. 

G. 

• ! • Separate payment w1ll not be made for any other excavat1ons 
or fills specified in this Section. All costs for 
excavations or for furnishing and,placing such fills will be 
considered to be included in the related items of excavation. 

I 

Payment for furnishing and installing new displacement 
• I monuments will be by the unit pr1ce per each quoted therefor 

in the Bid Schedule. 1 

END OF SECTION 02200 
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SECTION 02228 1 

RADON BARRIER 

PART 1 - GENERAL 

1.1 SCOPE 

A. This Specification Section covers'the following: 

1.2 

A 

B. 

c . 

D. 

E. 

F. 

1. Production of radon barrier materials by mixing bentonite 
with uncontaminated soil from qorrow areas RB-4 and RB-7. 

2. Placement of the radon barrier layer in the construction 
of the cover for the tailings:embankment. 

RELATED WORK 

Section 00800 - Special Conditions 

Section 01052 - Layout of Work and Surveys 

Section 01300 - Submittals 

Section 01500 - Construction Facilities 

Section 01560 - Temporary I Controls 

Section 02200 - Earthwork 

1.3 DEFINITIONS 

A. Radon Barrier The layer con~tructed on top of the 
contaminated materials in the tailings embankment consisting 
of bentonite amended soils from borrow areas RB-4 and RB-7. 
The purpose of this layer is to ret1ard the emanation of radon 
gas from the tailings embankment into the atmosphere and to 
reduce infiltration of incident1 precipitation into the 
tailings embankment. 

B. Cover - See Section 02200 . 
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1.4 APPLICABLE PUBLICATIONS 

A. The publications listed below 1 form a part of this 
Specification to the extent referenced. The publications are 
referred to in the text by the basic designation only. 

1.5 

[A. 

1. American Society for Testing and Materials (ASTM): 

D422-63 

D698-78 

D1140-54 

D1556-90 

D2167-84 

D2216-90 

D2922-81 

D4643-87 

Method for Particle-Size Analysis of Soils 
(R1972) 

Test Methods for Moisture-Density Rela
tions of Soils and Soil-Aggregate Mixtures 
Using 5.5 lb. (2.49-kg) Rammer and 12-in. 
(305-mm) Drop 

Test Method for Amount of Material in Soils 
Finer than the No.

1 
200 (75-um) Sieve (R1971) 

Test Method for Density of Soil in Place by 
the Sand-Cone Method 

Standard Test Method for Density and Unit 
Weight of Soil ~n-Place by the Rubber
Balloon Method 

Test Method for Laboratory Determination of 
Water (Moisture) Content of Soil and Rock 

Test Methods for Density of Soil and Soil
Aggregate in Pl~ce by Nuclear Methods 
(Shallow Depth) 

I 

standard Test Method for Determination of 
Water (Moisture) 'Content of Soil by the 
Microwave oven Method 

2. American Petroleum Institute (API): 
I 

Specification 13A, Section 4, Specification for Oil Well 
Drilling-Fluid Materials 1 

QUALITY ASSURANCE 

' • I • The Contractor w~ll take so~l samples and perform mo~sture, 
density, gradation and other tests :to ascertain that the work 
is being performed in compliance with these Specifications. 
Samples will be taken during exc!:avation and on the fill 
itself. The Contractor will cond~ct the density and other 
tests on the fill and related laboratory testing at 
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frequencies described in Article 3 • 5. The subcontractor 
shall remove surface material and render assistance as 

~ necessary to enable sampling and testing.]* 

~ 

~ 

B. Methods of Sampling and Testing: 

1. Particle Size Analysis includlng Percentage Passing No. 
200 Sieve (and excluding hydrometer analysis): ASTM D422 

2. In-Place Density: ASTM D1556, D2167, or D2922 

3. Moisture Content: ASTM D2216 1 or D4643 

4. Laboratory Moisture-Density Relations: ASTM D698 

c. Suitability of Materials: The su,itability of materials for 
radon barrier will be determined by the Contractor. The 
materials shall be approved material meeting the requirements 
of this Specification and obtained from Contractor-approved 
borrow sources. 

D. The Contractor may direct that i~spection trenches or test 
pits be cut into the radon barrier to determine that the 
Specification requirements have bben met. such trenches or 
pits will be of limited depth' and size, and shall be 
backfilled with the material excavated therefrom, or other 
material meeting the requirements for the radon barrier. 
Backfill shall be compacted to a.density at least equal to 

' ' I that spec~f~ed for radon barrier. 
I 

E. When the contractor directs inspection trenches or test pits 
to be excavated into compacted radon barrier and materials 
are found to meet all Specification requirements, the 
excavation and refilling shall be paid for as additional work 
pursuant to the applicable provisions of the General 
Conditions. Inspection trenches or test pits, and the 
refilling of the same, shall b'e at the Subcontractor's 
expense when it is found that the, materials do not meet the 
Specification requirements. 

F. Tolerances: I ' See Specification Sect~on 01052, Article 1.8. 
, I 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Radon barrier materials shall be ~ mixture of radon barrier 
soils and bentonite. ' 

* P.I.D. 09-S-15 
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B. Radon Barrier Soils: Radon barrier soils shall be produced 
by selective excavation of material from borrow areas RB-4 
and RB-7. Materials unsuitable for use as radon barrier 
material which are produced due to over-excavation or removal 
of overburden shall be stockpiled at the borrow site in areas 
selected by the Subcontractor and subject to Contractor's 
approval. Stockpiled materials shall be used later for site 
grading or borrow area reclamation. The radon barrier soils 
shall meet the following criteria: 

1. Radon barrier soil shall meet the following gradation 
limits prior to mixing with bentonite: 

Sieve Size 

4-inch 
3/4-inch 
No. 4 
No. 60 
No. 200 

% Passing by Weight 

100 
70-100 
50-100 
15-100 

5-100 

2. Radon barrier soil shall not contain more than 5 percent 
by volume of organic material, roots more than 1/4 inch 
in diameter or other deleterious substances. 

3. The Subcontractor shall perform testing as required to 
ensure that the materials meet the specification 
requirements . 

4. Clod sizes in radon barrier materials shall be 1 inch or 
smaller. The Subcontractor shall screen or otherwise 
process materials as required. 

c. Bentonite: 

1. Bentonite shall be high swelling, unaltered, sodium 
montmorilonitic clay. High swelling is defined as the 
ability of two grams of bentonite, mechanically reduced 
to 100 mesh, to swell in water to an apparent volume of 
10.0 cubic centimeters or more when added a little at a 
time, to 100 cubic centimete~s of distilled water in a 
graduated cylinder. 

1 

2. Colloid content of the base bentonite, mechanically 
reduced to 100 mesh, shall ex~eed 33 percent as measured 
by evaporating the suspendeq portion of a 2 percent 
solution after 24 hours of sedimentation in a beaker. 

I 

3. Bentonite shall have the following physical properties 
determined in accordance withlthe requirements of A.P.I. 
Specification 13A, Section 4:; 
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Grit Content (plus 200 Mesh 
wet sieve analysis) 

Viscosity (600 RPM) 

Filtrate (30 minutes) 

Moisture Content 

55% maximum 

6 cps minimum 

30 mils maximum 

10% maximum 

4. Dry fines of the bentonite shall be: 

100% passing Number 4 sieve by weight 

15% maximum passing Number 200 sieve by weight 

5. Bentonite shall be protected; from the weather during 
shipping and storage. 

6. A certified material test report (CMTR) or Certificate of 
Compliance (C of C) shall be furnished with each lot 
number of bentonite delivered to the site. If a CMTR or 
c of c is not furnished, testing shall be performed by 
the Subcontractor to demonstrate that all physical 
properties required by API an~ the specifications have 
been met. All CMTR's, c of C's and/or test results shall 
verify that each lot of bentbnite meets the specified 
requirements or the material 1 shall be rejected. No 
bentonite material shall be mixed or placed prior to this 
verification. 

PART 3 - EXECUTION 

3.1 GENERAL 
I 

A. Protection of exposed surfaces shall be as specified in 
Article 3.1 of Section 02200. 

B. Dust control measures shall be as specified in Section 01560. 
I 

c. Clearing and stripping shall conform to Section 02110. 
I 

3.2 BORROW AREA EXCAVATION 

A. Only portions of the area within the designated borrow area 
contain material suitable for mixing with bentonite to 
produce radon barrier material. The material shall meet the 
requirements specified in Article 2,. 1. B. Subcontractor shall 
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identify the areas that contain material suitable for radon 
barrier material prior to the excavation . 

B. Excavations shall not be within 50 feet of the shoulders of 
the existing Navajo Nation road that separates the borrow 
areas. 

c. Excavations for radon barrier soils to be used for m1x1ng 
with bentonite to produce radon barrier materials shall be 
carried out in the presence of a qualified technician 
employed by the Subcontractor. 

D. Materials excavated for mixing with bentonite to produce 
radon barrier shall not be used for other purposes except as 
approved by the Contractor. 

3.3 MIXING OF RADON BARRIER 

A. The radon barrier soil shall be thoroughly mixed with 
bentonite. The bentonite content'shall not be less than 10 
percent by weight. The percentage shall be determined by 
dividing the dry weight of bento~ite by the dry weight of 
soil without bentonite. 

[B. Mixer: The mixer for mixing bentortite with the radon barrier 
. material shall be capable of thoroughly mixing and con
trolling the percentage, by weight, of bentonite, soil and 
water. The mixer shall be the following, or approved 
equal:]* 

1. Pug-mill, Pioneer Model 425P stabilizer plant. 

[Text Deleted]* 

c. Submittals: Sixty days after award of Subcontract, the 
Subcontractor shall submit, for approval, a narrative on how 
the radon barrier material will be mixed, placed and 
compacted. The narrative shall include the following: 

' 
1. Description of equipment used, including manufacturer's 

specifications. 
1 

I 

2. Narrative of m1x1ng operations, including how the 
bentonite, soil and water will be mixed; how quantities 
will be determined; and the d~ration of mixing. 

* P.I.D. 09-S-15 
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3. Procedures for calibrating the m1x1ng equipment to show 
the proper mix is obtained and procedures for verifying 
calibration during operations. The plant shall be 
calibrated just before start of operation as well as 
during operation. 

D. If stationary plant is used to mix the radon barrier 
material, the Subcontractor shall locate the plant so as not 
to interfere with other operations. At the end of the work, 
foundations shall be removed and disposed of by the 
subcontractor, and the site res-trored as approved by the 
Contractor. 

E. The Contractor may visually inspect the mixture for 
uniformity and consistency. Adjustments to m1x1ng or 
procedures may be required by the Contractor to provide a 
uniform mix. 

3.4 PLACEMENT AND COMPACTION OF RADON BARRIER 

A. The radon barrier material shall be laid down in controlled 
lifts as specified in this Section. 

I 

B. Unless otherwise specified or indicated herein or elsewhere 
in the Subcontract Drawings, placement and compaction of the 
radon barrier material shall conform to the applicable 
provisions of Section 02200 . 

c. Unfavorable Weather:· Placing, spreading, rolling or 
compacting fill material that is frozen or thawing, or during 
unfavorable weather conditions will not be permitted. If the 
work of placement of radon barrier material is interrupted by 
heavy rain or other unfavorable weather, such work shall not 
be resumed until ascertaining that the moisture content and 
density of the previously placed soil are acceptable to the 
Contractor. 

D. The Subcontractor shall only worlc on an area that can be 
completed in one working day. Completion shall be defined as 
soil moisture adjustment, spreading of the bentonite, the 
mixing of the soil with the benton1ite, and compaction of the 
soil bentonite layer. 1 

I 

E. Prior to placing radon barrier material, the final grade of 
the underlying contaminated mater,ials shall be as shown in 
the Subcontract Drawings and specified in Section 02200. 

I 

F. In placing and working the first layer of radon barrier, care 
shall be taken to avoid mixing in any of the underlying 
radiologically contaminated soil . 
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G. Twenty-four inch thick radon barri~r shall be placed in three 
lifts. The lifts shall be placed in a loose lift of 
approximately 10 inches to give a compacted thickness of 8 
inches. The Subcontractor shall provide survey stakes 
verifying each a-inch compacted lift. 

' 
H. Compaction of radon barrier shall be accomplished using 

tamping foot rollers. 

I. The radon barrier material shall be compacted to at least 100 
percent of maximum dry density as determined by ASTM D698. 
During compaction of radon barrier materials, moisture 
content shall be maintained between the optimum moisture 
content and plus three percent as determined by ASTM D698. 
The moisture content of the preceeding in-place radon barrier 
lift, with the exception of the top 2 inches shall be 
maintained at not less than optimum minus one percent 
moisture content until the succeeding lift of radon barrier 
or bedding material is placed. 

J. Once minimum specified density is achieved for radon barrier, 
additional compaction shall not be performed. 

I 

K. Moisture added to the radon barrier materials shall be 
applied in a manner that prevents runoff onto contaminated 
materials. I 

I 

L. The top surface of the underlying compacted radon barrier 
shall be scarified to a depth o~ 1 inch to 2 inches just 
prior to placement· of the overlying loose lift. 
Scarification shall be accomplis~ed by suitable equipment 
capable of accurate depth controlr 

M. If shrinkage cracks occur on top of each lift prior to 
placing the next lift, the surface 1should be scarified to the 
depths of the crack, moisture conditioned, and recompacte'd. 

I 

N. The top surface of the final laye~ of radon barrier shall be 
compacted with a tamping foot 

1
roller, then bladed and 

finished with a grader and a smooth drum roller. The top 
surface of the final layer of radon barrier shall be free of 
ruts, depressions, or low areas in which water can 
accumulate. 1 

o. Upon completion of radon barrier placement and prior to the 
placement of bedding material, the Contractor will perform 
required radiological measuremertts. These measurements 
generally can be accomplished ih 30 hours but may vary 
depending on atmospheric conditions. Measurements will be 
taken at approximately 100 evenly spaced locations as 
determined by the Contractor. 1 
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3.5 FIELD QUALITY CONTROL 

A. The Contractor will perform the following tests on a regular 
basis. These tests are a minimum requirement: 

1. In-Place Density and Moisture Content Tests: A minimum 
of one test will be performed per 500 cubic yards of the 
material placed. At least two tests will be performed 
for each day of material placement in excess of 150 cubic 
yards. 

[2. Gradation Test: A m~n~mum of one test per 1,000 cubic 
yards of material placed and a minimum of one test each 
day of material placement. Tqe gradation tests will be 
performed on borrow material from RB-4 and RB-7 prior to 
mixing with bentonite. The Contractor may also do 
gradation testing on radon barrier materials after being 
mixed with bentonite.)* 

3. Procedures and frequency for calibration of the mixing 
equipment shall be in accordance with the Contractor
approved plan. 

PART 4 - MEASUREMENT AND PAYMENT 

4.1 MEASUREMENT 

A. Measurement for payment for furnishing and placement of radon 
barrier material in the embankment.cover will be by the cubic 
yards of compacted material in place. The quantities for 
payment will be computed by the average end area method from 
surveys conducted before and after placement and from lines 
and dimensions as shown on the Subcontract Drawings. (Bid 
Schedule Item 501) 

I 

B. Measurement for payment for furnishing bentonite will be by 
the ton delivered to the site and used in the radon barrier. 
(Bid Schedule Item 502) 

C. Separate measurement for payment 1will not be made for the 
following items, and such work will be considered incidental 
to the related items of work: 1 

* P.I.D. 09-S-15 
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1. 
2. 
3. 
4. 
5. 
6. 
7. 

Dust control. 
Stripping. 
Temporary stockpiling of excawated materials • 
Required rehandling of materipls. 
Borrow area grading for restoration. 
Erosion protection of exposed' surfaces. 
Temporary storage of bentonite. 

4.2 PAYMENT 

A. Payment for the excavation and placement of radon barrier 
material in the embankment cover 1will be by the unit price 
per cubic yard quoted therefor in the Bid Schedule. The 
price quoted shall include full compensation for excavation 
of the radon barrier material from the specified borrow 
source and processing, mixing, placement and compaction of 
the material in its final location. 

I 

B. Payment for furnishing bentonite 1will be by the unit price 
per ton, delivered to the site andrused in the radon barrier, 
quoted therefor in the Bid Schedule. 

I 

c. -Separate payment will not be made 1for the items mentioned in 
Article 4.1.C above. All costs for such work will be 
considered to be included in the prices quoted for the 
applicable related items of Work specified in this 
Subcontract • 
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SECTION 02278 

EROSION PROTECTION 

PART 1 - GENERAL 

1.1 SCOPE 

This Specification Section describes the requirements for 
furnishing and placing riprap and bedding materials for 
tailings embankment cover, drainage ditches, apron and 
gullies. 

1.2 WORK NOT INCLUDED 

1.3 

A. 

B. 

c . 

1.4 

A. 

Erosion protection related to the construction facilities 
specified in Section 01500 is not included in the scope of 
work of this Specification. 

RELATED WORK 

Section 01300 - Submittals 

Section 02200 - Earthwork 

Section 02228 - Radon Barrier 

APPLICABLE PUBLICATIONS 

The Publications listed below form a part of this 
Specification to the extent referenced. The Publications are 
referred to in the text by the basic designation only: 

1. American Society for Testing and Materials {ASTM): 

C88-90 

C117-90 

C127-88 

C131-89 

Test Method for Spundness of Aggregates by 
Use of Sodium Sulfate or Magnesium Sulfate 

Test Method for Materials Finer Than 75-um 
{No. 200) Sieve in Mineral Aggregates by 
Washing 

Test Method for1 Specific Gravity and 
Absorption of Coa~se Aggregate 

' 

Test Method for Resistance to Degradation of 
Small-Size Coarse ·Aggregate by Abrasion and 
Impact in the Los Angeles Machine 
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1.5 

1.6 

A. 

C136-84 standard Method for Sieve Analysis of Fine 
and Coarse Aggregates, Rev. A 

I 

C295-90 Standard Guide for Petrographic Examination 
of Aggregates for Concrete 

D75-87 Standard Practice for Sampling Aggregates 

2. International Society for Rock Mechanics (ISRM), 1981 
I 

Rock Characterization Testing and Monitoring, ISRM 
suggested Methods, E.T. Brown, Editor, Pergamon Press, 
New York: 

PERMITS 

Suggested Method for Determining Indirect Tensile 
Strength by the Brazil Test, pp. 120-121 

Suggested Method for Determination of the Schmidt 
Rebound Hardness, PP. 101~102 

I 

The Contractor will provide permits for the use of borrow 
areas shown on the Subcontract IDrawings as specified in 
Article SC-11 of Special Conditidns. If the Subcontractor 
uses other sources for erosion protection materials, he shall 
be responsible for obtaining all required permits . 

SUBMITTALS 

During production of riprap and bedding materials, the 
Subcontractor shall submit gradation test results, in 
triplicate, in accordance with Article 2.1 below. For riprap 
and bedding materials, quality and gradation tests for each 
type material shall be performed' a minimum of four times 
during production. An initial sample shall be obtained and 
tested during the early stages bf production activities. 
Additional samples shall be o~tained and tested when 
approximately one-third and two thirds of the total volume of 
material has been produced, and 1 a final sample shall be 
obtained and tested near completion of the production 
activities. If the total volume of material for each riprap 
type or bedding material is greater than 30,000 cubic yards, 
quality and gradations tests shall be performed for each 
additional 10,000 cubic yards, or :fraction thereof produced. 
The frequency for performing the quality and gradation tests 
shall be when approximately 10,000 cubic yards of material 
has been produced and near completion of production 
activities. 1 
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B. The Subcontractor shall submit, in writing, the name and 
qualifications of his proposed testing laboratory to the 
Contractor for approval. 

c. The technical submittal covering the production of erosion 
protection materials shall include, but not be limited to, 
the following: 

1. Narrative acknowledging permit stipulations for each rock 
borrow source. 

2. Mining plan. 
I . 

3. Use, handling and storage of explosives. 

4. Expected quarry breakage or p~t analysis. 

5. Required combined product gradation. 

6. Production analysis. 

7. Flow diagram of production plant showing all products and 
' I wastage 1n tons per hour. 

I 

a. Plant layout showing individual pieces of equipment. 
I 

9. Complete list of equipment wi1th manufacturers' models, 
capacities, horsepower and expected production curves . 

10. Schedule. 

11. Manpower required. 

12. Handling of finished products. 

13. Safety. 

14. Maintenance of public and on ~ite haul roads. 
I 

15. Dust control. 
I 

I 

16. Protection of archaeological sites. 

17. Quality control. 

D. If the Subcontractor determines to use other sources for 
erosion protection materials, a 1 site inspection report 
containing the information specified in Article 2.3 below 
shall be submitted, in triplicate, to the Contractor for 
review and approval of the source, in accordance with the 

' • I requ1rements of Sect1on 01300. 
, I 
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1.7 QUALITY ASSURANCE 

Test Section: For placement control purposes, one test 
section for Riprap Types A and B each shall be constructed. 
The test sections shall be not less than 30 feet wide by 50 
feet long in size, and shall be constructed either on or away 
from the embankment. Riprap material fully meeting the 
specified gradations shall be placed in the test sections by 
the same methods that will be used for production placement. 
The finished test sections, after testing to ensure that the 
in-place gradation requirements ha.ve been met,· shall be used 
as a visual sample for comparison pf production work. After 
completion of riprap installation, the test sections, if 
constructed away from the pile, shall be blended into the 
final grading contours, as approved by the Contractor. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

[A. Material Sources: Erosion protection materials including 
riprap and bedding materials shall be obtained from sources 
approved by the Contractor. The qpproved source for Type A 
and B erosion protection and bedding materials is the Bluff 
Gravel Quarry near Bluff, Utah, 1 located approximately 30 
miles northeast of the tailings site.]* 

I 

B. Subcontractor may propose other sources of materials. The 
basis for approval of the Subcontractor-proposed sources 
shall be as specified in Article '2. 3. The materials shall 
meet the requirements of this Specification. 

c. 

D. 

E. 

I 

Approval of source as a borrow area does not mean that all 
materials excavated will meet the requirements of this 
Specification. Processing or selective quarrying may be 
necessary to meet the quality requirements of this Section. 
The basis for approval of other 1 sources proposed by the 
Subcontractor is specified in Article -2.3 below. The 
Subcontractor shall be responsible for providing the 

I laboratory test results. 
I 

The materials shall be below the background radioactive level 
and free from other contamination~ 

I 
Material shall be dense, sound, r,esistant to abrasion, and 
shall be free from cracks, seams, and other defects as shown 
during field inspection as per Article 3.3 below. 

I 

* P.I.D. 09-S-15 
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F. The shape of at least 75 percent of the material, by weight, 
shall be such that the minimum dimension is not less than one 
third of the maximum dimension. 

G. Quality and Gradation Tests: For record purposes the 
following tests will be performed by the Contractor: 

Test 

Gradation 

Specific Gravity 
(Saturated Surface Dry Basis) 

Absorption 

Sodium Sulfate Soundness 
soundness (5 cycles) 

I 

Abrasion (Los Angeles Machine) 
(100 Cycles) 

Schmidt Hammer 

Designation 

ASTM C117 
ASTM C136 

ASTM C127 

ASTM C127 

ASTM C88 
Coarse Aggregate 

ASTM C131 

ISRM Method 

Splitting Tensile Strength ISRM Method 
(Modified-Loading rate shall 

' • ' I cause fa~lure ~n 1 to 3 m~nutes) 
I 

The frequency of tests shall be in accordance with Article 
1.6.A for the total amount produced at each quarry 
irregardless of number of types of materials produced. 

2.2 QUALITY REQUIREMENTS 

A. All riprap and bedding materials used shall meet the 
following requirements: 

I 

[1. Results of the tests specit;ied in Table 02278-A on 
samples of each material shall be used to obtain rock 
quality scores using the criteria given in the table. 
The frequency of quality testing shall be as specified 
for gradation testing in Article 1.6.A. The score for 
each test is determined by multiplying the appropriate 
weighting factor by the score (0 to 10) based on the 
specific test result. The final score for each sample is 
the ratio of the sum of the individual test scores (six 
tests) to the maximum possible score, expressed as a 

HAT-MON 
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' 
percentage. To be acceptable, the minimum final score 
shall be as follows: ' 

I 

65% for Bedding material and for Riprap Type A. 
I 

80% for Riprap Type B material from the Bluff quarry 
or if the material is rourtded. 65% for Riprap Type 
B material if the material is angular. 

I 

65% for Riprap Type c material if the material is 
angular and 80% if the material is rounded. 

The Schmidt Hammer Test and Splitting Tensile Strength 
Test will not be required on the bedding material or on 
Type A and Type B Riprap. : The scoring of bedding 
material and Type A and Type 1B Riprap will be based on 
the four remaining tests.]* 

1 

2.3 SUBCONTRACTOR-PROPOSED SOURCES 

A. The basis for approval of sources proposed by the 
Subcontractor shall be as follows: 

I 
1. A site inspection report by 

1 
an engineering geologist 

which will include, as a minimum, an evaluation of 
soundness, hardness, and dur~bility for three samples 
representative of the proposed 1 source. The evaluation of 
durability shall . be based 1n part on petrographic 
examination of rock types available from the source. The 
petrographic examination shall

1 
be in accordance with ASTM 

C295. In addition, the material shall meet the quality 
requirements of Article 2. 2 above. Representativeness of 
samples shall be determined by the Contractor, based on 
precise location and source o+ sample taken in relation 
to the whole borrow area. The site inspection report 
shall include locations of all samples and methods of 
sampling. 

2. If available, examples of successful uses of the material 
including riprap that has beert in place on other project 
sites for more than 20 years,: rock that has functioned 
satisfactorily as foundation stone or building facing for 
50 years or more, and abandon~d quarry faces which have 
maintained their integrity a~ter not being worked for 
approximately 50 years or more. Durability shall be 
indicated by lack of signific,ant weathering or loss of 
volume and strength over decades of exposure to natural 
weathering elements. 

* P.I.D. 09-S-15 
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3. The Subcontractor shall have a qualified laboratory 
perform the six (6) types of tests listed in Table 
02278-A on each sample (minimum of 6 samples) from the 
proposed source unless existing particle sizes are 
inadequate to perform Schmidt Hammer or Tensile Strength 
tests as specified. Special attention shall be given to 
ensure that the samples are representative of the 
proposed rock materials. Test samples shall be obtained 
from within the precise locations of rock deposits from 
which materials will be produced. To be approved as a 
source, the final score for eaqh sample shall be obtained 
and evaluated as specified in Article 2.2.A.l. 

4. If selected by the Subcontractor, the Sugarloaf riprap 
material shall consist of limestone and shall contain no 
more than 10 percent sandstone by weight. 

2.4 GRADATION 

[A. Riprap materials shall be reasonably well graded within the 
following limits, and the Contractor reserves the right of 
inspection while the samples are taken: 

* P.I.D. 09-S-15 

HAT-MON 

u.s. Standard 
Sieve Size 

CSguare Openings) 
Percent Passing 

Cby weight) 

Type A 
3-inch 
2-inch 
1-1/2-inch 
l-inch 
1/2-inch 

Type B 
a-inch 
6-inch 
5-inch 
4-inch 
l-inch 

Type c 
12-inch 
9-inch 
7-inch 
5-inch 
2-inch 

100 
0-100 
0-40 
0-10 
0-5 

100 
25-100 

0-100 
0-25 
0-5 

100 
25-100 

5-50 
0-25 
0-5]* 
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B. Bedding Materials: 

2.5 

[ 1. Bedding materials shall be obtained from the Bluff quarry 
or other sources as approved by the Contractor. Rock for 
the bedding material shall meet the quality requirements 
for riprap materials in Articles 2.1 and 2. 2. The 
Subcontractor shall process the materials to conform with 
the gradation requirements specified below.]* 

2. Gradation: Bedding materials shall be reasonably well 
graded within the following limits: 

u.s. standard 
Sieve Size 

(Square Openings} 

3-inch 
1-1/2-inch 
l-inch 
No. 4 
No. 30 

SOURCE QUALITY CONTROL 
I 

Percent Passing 
Cby weight} 

100 
50-100 
35-70 
15-30 

0-5 

The Subcontractor shall have a qualified, experienced person 
present at the quarry during production of rock materials to 
ensure that only suitable quality rock is processed. The 
materials may be inspected and t~sted by the Contractor at 
the borrow area prior to mining operations to ensure that 
they meet all requirements of this Specification with the 
exception of the gradation requirement. The Subcontractor 
shall assist the Contractor in obtaining samples. Gradation 
requirements will be tested at th~ placement location. 

PART 3 - EXECUTION 

3.1 

A. 

B. 

PLACEMENT AND COMPACTION 

• • I • General: Eros1.on protect1.on ma-trerl.als shall be handled, 
loaded, transported, stockpiled and placed in a manner which 
avoids nonconformance with specifications due to segregation 
and degradation, including materials moved to and from 
stockpiles. 

I 

Subgrade preparation for apron, pitches and gullies shall 
conform to Specification Section 02200. 

I 

* P.I.D. 09-S-15 
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1. Prior to placement of bedding:materials, the Contractor 
will take radiological measurements as described in 
Specification Section 02228. 1 

C. Where the required bedding materi,al thickness is 6 inches, 
the bedding material shall be spread and compacted in one 
layer. : 

D. Each layer of bedding material shall be track-walked with two 
passes of a D6 bulldozer or equi va,lent operating up and down 
the slope, over the entire area of placement. 

I 

E. Dumped riprap shall be placed to its full course thickness in 
one operation and in such a manner

1
as to avoid displacing the 

drainage material. The larger stones shall be well 
distributed throughout the mass. T~e finished riprap shall be 
free from pockets of small stones and clusters of larger 
stones. Placing stone in layers will not be permitted. 
Placing stone by dumping into chutes or by similar methods 
likely to cause segregation of th~ various sizes will not be 
permitted. The desired distribution of the various sizes of 
stones throughout the mass shall i be obtained by selective 
loading of the material at the quarry or other source, by 
controlled dumping of successive 1:oads during final placing, 
or by other methods of placement which will produce the 
specified results. Rearranging 1 of individual stones by 
mechanical equipment or by hand 1 will be required to the 
extent necessary to obtain a ' reasonably well graded 
distribution of stone sizes as specified above. 

I 

F. Riprap material may be placed b~ end-dumping and may be 
spread by bulldozers or other suitable equipment. 

I 
I 

G. Riprap layers placed upon bedding material shall be placed in 
such a manner which minimizes hori'zontal displacement of the 
bedding material. : 

H. Construction equipment carrying co'ntaminated materials shall 
not be allowed to move over placed riprap and bedding layers 
except at equipment crossovers, as designated by the 
Contractor. Each crossover shall be cleaned of all 
contaminating materials as approv~d by the Contractor before 
additional materials are placed 1 in those areas. Other 
construction equipment may movel over placed riprap and 
bedding layers. The Contractor may restrict such traffic to 
minimize damage to completed lay~rs. Areas of riprap and 
bedding layers damaged by construction equipment shall be 
restored to meet the requirements;of the Specifications. 

HAT-MON 
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3.2 TOLERANCES 

A. The material layers shall be placed generally to the limits 
and thicknesses shown on the Subcontract Drawings within the 
following tolerances: ! 

1. The top of the radon barrier or bedding subgrade shall be 
within ± 0. 1 foot of the de,sign grades shown on the 
Subcontract Drawings. 

2. Bedding material shall be wit~in ±0.1 foot of the design 
grades shown on the Subcontra?t Drawings. 

3. The minimum in-place thicknes$ of riprap material shall 
not be less than the minimum thickness shown. 

4. The maximum in-place thickness of riprap material shall 
not be more than 135 percent of the thickness shown. 

5. Local irregularities not exceeding the limits of 
Paragraphs 3 and 4 above will be permitted provided that 
such irregularities do not · form noticeable mounds, 
ridges, swales or depressions which in the opinion of the 
Contractor could cause concentrations of surface runoff 
or form ponds or gullies. 

3.3 FIELD QUALITY CONTROL 

A. The placement of the materials will be inspected and tested 
by the Contractor during and after placement to ensure that 
the following requirements are met: 

1. Material of the correct type and quality is being placed. 
Individual pieces or pockets qf material greater than or 
equal to 8 inches in di~meter not meeting the 
requirements noted in Article 2.1.E shall be removed per 
Paragraph D below. Indi vidttal pieces or pockets of 
material less than 8 inches in diameter not meeting the 
requirements of Article 2. 1 ~ E may be left in place 
provided that concentrations qf such pieces do not exist 
as determined by the Contract~r. 

I 
2. The material being placed is clean and free of unsuitable 

material. ! 

I 
3. The material is being stockpil~d, loaded, transported and 

placed in a manner which ~inimizes segregation and 
degradation. 

4. The material is being placed tb line and grade within the 
tolerances and limits designated in Article 3.2 above • 
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5. The material placed meets the gradation requirements 
specified . 

B. Materials segregated or not placed according to the above 
requirements shall be regraded or adjusted, using appropriate 
equipment, to conform with the tolerances and limits given 
above, at no additional cost to the Contractor. 

c. The Subcontractor may place erosio:n protection material only 
at his own risk, if durability test results are not available 
and approved by the Contractor. 

D. Materials not meeting the requirements of this Section shall 
be removed and replaced with specified materials at no 
additional cost to the Contractor. Rejected materials shall 
be disposed of offsi te as Subcontractor's property at no 
additional cost to the Contractor.' Materials not meeting the 
grading requirements shall be rep~ocessed or discarded. The 
Contractor may require modification of the processing and 
grading operations to ensure that the specified grading 
requirements are met. 

E. During placement of Type A, B and C riprap materials and 
bedding materials, the Contractor' will perform a minimum of 
four gradation tests in accordance with Article 2.4 above. 
An initial sample shall be obtained and tested during the 
early stages of placement activities. Additional samples 
shall be obtained and tested when approximately one-third and 
two-thirds of the total volume of, material has been placed, 
and a final sample shall be obtained and tested near 
completion of placement activities. If the total volume of 
material placed for Type A and Type B Riprap and Bedding 
materials is greater than 30,000 cubic yards, a gradation 
test shall be performed for each additional 10, ooo cubic 
yards, or fraction thereof place~. 

I 

PART 4 - MEASUREMENT AND PAYMENT 

4.1 MEASUREMENT 

A. Measurement for payment for furnishing and placing the 
following materials will be by the cubic yards of material 
placed: 

HAT-MON 
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1. Riprap Material, Type A 
2. Riprap Material, Type B 
3. Riprap Material, Type c 
4. Bedding Material 

B. The quantities will be calculated from the lines and 
dimensions shown on the Subcontract Drawings and/or by using 
average end area methods from surveys conducted before and 
after placement for the areal extent of the placement. 

4.2 PAYMENT 

Payment for the items of Article 4.1.A above, will be by 
their applicable unit prices per cubic yard quoted therefor 
in the Bid Schedule. The prices,quoted shall include full 
compensation for furnishing labor,, materials, tools, equip
ment and incidentals and for performing specified work 
including development of the source (where applicable)' 
obtaining required permits (where applicable), clearing·, 
stripping and excavating; processing the materials; testing 
and evaluating the materials; transporting to placement 
locations; placing; compacting and consolidating complete in 
place • 
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• TABT~278-A 
ROCK QUALITY~RING CRITERIA • 

Weighting Factor Score 
Lime- Sand- Igne-
stone stone ous _lQ_ __ 9__ __8__ __7__ __6__ __5__ __4__ __3__ __2__ __1__ __Q 

Specific 
Gravity 12 

Absorp-
tion (%) 13 

Sodium Sulfate 
(%)* 4 

Abrasion (%)** 1 

Schmidt 
Hammer 11 

Tensile 
Strength(psi) 5 

5 9 

5 2 

3 11 

8 1 

13 3 

4 10 

2.75 2.70 2.65 2.60 2.55 2.50 2.45 2.40 2.35 2.30 < 2.3 

0.1 0.3 0.5 0.67 0.83 1.0 1.5 2.0 2.5 3.0 > 3.0 

1 3 5 6.7 8.3 10 12.5 15 20 25 > 25 

1 3 5 6.7 8.3 10 12.5 15 20 25 > 25 

70 65 60 54 47 40 32 24 16 8 < 8 

1400 1200 1000 833 666 500 400 300 200 100 < 100 

1. Scores derived from Tables 6.2 and 6.7 of Ref. 1. 

2. Any rock to be used must be qualitatively rated at least "fair" in a petrographic examination 
_conducted _by_ a_ geolo_gist experienced in_petrographic analysis._ _ __ _ _ _ ________ _ 

3. Weighting Factors derived from Table 7 of Ref. 2, based on inverse of ranking of test methods for 
each rock type. 

4. Test methods should be standardized (ASTM, e.g.) and should be those used in Ref. 2. 

Ref. 1 Lindsey, e.G., Long, L.W., and Begej, c.w. (1982), Long-Term Survivability of Riprap for 
Armoring Uranium Mill Tailings and covers: A Literature Review, U.S. Nuclear Regulatory 
Commission, NUREG/CR-2642. 

Ref. 2 De Puy, G. W., "Petrographic Investigations of Rock Durability and Comparisons of Various 
Test Procedures," Engineering Geology, Vol. 2, No. 2, July 1965. 

* 5 Cycles 
** 100 Revolutions 
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SECTION 02935 

SEEDING 

PART 1 - GENERAL 

1.1 SCOPE 
I 

This Specification Section covers,~eeding of final grades at 
the Monument Valley site. All disturbed exposed areas shall 
be seeded as required to control erosion. Areas with rock 
exposure or permanent roads will not be seeded. 

1.2 MATERIAL STORAGE 
I 

A. Seeds shall be stored in sealed vaterproof containers in a 
cool, dry location and shall be kept out of direct sunlight 
until ready for use. 1 

B. Fertilizer, if required, shall be delivered and stored in 
waterproof containers that clearly! show the chemical analysis 
and name of manufacturer • 

PART 2 - MATERIALS 

2.1 SEED MIX 

A. The following seed mix shall be ~sed for seeding of final 
grades except as noted in Article

1 

1.1: 

HAT-MON 

Seed Species Variety 

Seeding Rate 
(Pounds of Pure 

Live Seed Per Acre> 

Western Wheatgrass 
Indian Ricegrass 
Alkali Saction 
Four-Wing Saltbrush 
Sand Dropseed 
Desert Globemallow 

Total 

I 
Arrib~ 

Paloma 
Salado 
Rican, 
Common* 
Common* 

*Common- Seed from regional
1
sources • 

I 
I 
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I 
B. The seeding rates shown are for ~eed applied by a rangeland 

drill. 

2.2· ACCEPTANCE OF SEED 

2.3 

I 
Final acceptance of seed will be made by the Contractor based 
on the following: Seed shall be

1

furnished separately or in 
mixture in standard sealed containers with the following 
information provided by the seed vendor on each seed 
container label: ( 1) seed name; ( 2) lot number; ( 3) net 
weight; (4) percentages of purity and of germination; (5) 
seed coverage, in acres, on a pure live seed basis; and (6) 
percentage of maximum weed seed 

1
content clearly marked for 

each species of seed. Seeds shal,l be packaged by the vendor 
in even acre coverage containers. The Subcontractor shall 
furnish the Contractor duplicate copies of a statement by the 
vendor, certifying that each lot 1 of seed has been tested by 
a recognized laboratory for seed

1
testing within 6 months of 

date of delivery. This stateme~t shall include: (1) name 
and address of laboratory, (2) date of test, {3) lot number 
for each kind of seed, and (4) results of tests as to name, 
percentages of purity and of germination, and percentage of 
weed content, for each kind of seed furnished, and, in case 
of a mixture, the proportions of 1 each kind of seed. 

FERTILIZER 

Fertilizer shall be a standard cotbercial grade that provides 
the minimum percentage of available nutrients specified. 
Fertilizer shall be furnished ~n new, clean, and sealed 
containers with the name, weight,~ and guaranteed analysis of 
contents clearly marked. A ~iquid form of fertilizer 
containing the minimum percentag~ of available nutrients may 
be used. 

2.4 MULCH 
I 

Mulch shall consist of cereal straw or hay mulch. Cereal 
o I o 

straw shall be from gra1n crops that are free from all v1able 
seed, mold, or other objectionable material. Mulch shall be 
in an air-dry condition arid suit~ble for placing with mulch 
blower equipment. Final acceptance of mulch will be by the 
Contractor. 1 

HAT-MON 
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2.5 WATER 
I 

Water used in the planting or c~re of vegetation shall be 
free of oils, acids, alkalis, . salts, or any substance 
injurious to plant life. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Timing: All final grades shaa.l be seeded as soon as 
practical after their completi~n or as directed by the 
Contractor. Seeding materials shall not be applied during 
windy weather, when the ground is 1 excessively wet or frozen, 
or when snow is present. 

I 
B. Grading and Seedbed Preparation: 1 Before applying seed, the 

area shall be graded with common fill as shown on the 
Subcontract Drawings, with surfaces sloping gradually towards 
drainage courses, with no enclosed low spots where water can 
accumulate. Areas to be seeded 1 that have been damaged by 
erosion or other causes shall be' restored prior to seeding 
and then cultivated to provide a reasonably firm but friable 
seedbed. A minimum of 6 inches of surface soil shall be in 
a loose condition at the time of fertilizer and seed 
application. 

3.2 APPLICATION 
I 

A. Seed for final grades shall be applied by a rangeland drill 
to a depth of 0.5 to 0.75 inch~ To the greatest extent 
possible, seeding shall be oriented along (parallel to) land 

I 
contours. 

1 

B. Immediately following seeding, mulch shall be applied at a 
rate of 2 tons per acre to all areas seeded for permanent 
cover and the mulch shall be crimped with a mulch crimper. 

3.3 CARE DURING CONSTRUCTION 

The Subcontractor shall be responsible for protecting and 
caring for areas seeded before final acceptance of the work. 
The Subcontractor shall repair any damage to seeded areas 
caused by erosion or construbtion operations without 
additional compensation. 1 

HAT-MON 
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• 

3.4 PLANT ESTABLISHMENT 

The Subcontractor shall be responsible for watering and 
caring for seeded areas, as 'required, until adequate 
vegetative cover is established~ Reseeding, if required, 
will be at no additional cost to1the Contractor. 

PART 4 - MEASUREMENT AND PAYMENT 

4.1 MEASUREMENT 
I 

Measurement for payment for seeding of final grades will be 
by the acres of surfaces actually seeded and approved. 

I 

4.2 PAYMENT 
I 

Payment for seeding of final grades will be by the unit price 
per acre quoted therefor in the

1 
Bid Schedule. The price 

quoted shall include full compensation for furnishing all 
materials, tools, equipment, in'cidentals, labor, and for 
performing all work specified herein for complete work • 

END OF SECTION 0!2935 

I 
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BYPASS ROAD 
(SEE NOTE I ) 

INDIAN SERVICE 
ROUTE 6440 

HALCHITA BYPASS 
DETAIL 1. 
NOT TO SCALE 

NOTES 

I. NO CONSTRUCTION RELATED TRAFFIC WILL BE PERMITTED 
THROUGH HALCHITA. ACCESS TO THE SITE WILL BE VIA THE 
PROJECT ACCESS ROADS AND THE HALCHITA BYPASS ROAD. 

FOR DETAILED MAPS OF BORROW SITE AREAS, SEE DWG.NO. 
H/M-GE-10-0204 AND 0205. 

FOR GYPSUM WASH CROSSING DETAILS, SEE DWG. NO. 
H/M-GE-10-0205. 

SUBCONTRACTOR IS RESPONSIBLE FOR LOCATING A SOURCE 
FOR RIPRAP TYPE C MATERIAL. 

5. SUGARLOAF QUARRY HAS BEEN IDENTIFIED AS A POTENTIAL 
SOURCE OF RIPRAP TYPE C MATERIAL.THE QUARRY IS ON 
BLM LAND.SUBCONTRACTOR IS RESPONSIBLE FOR OBTAINING 
ALL NECESSARY PERMITS BEFORE USING THIS SOURCE. 

REFERENCE DRAWINGS 

H/M-GE-10-0204 RIPRAP BORROW AREAS 

.. H/M-GE-10-0205 RADON BARRIER MATERIAL BORROW AREAS 
AND GYPSUM WASH CROSSING 

H/M- OS- 10-0210 HAT- SITE PLAN 
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NOTES: 

1. THE PLANT COORDINATE N 10,000 , E 10,000 
ON THE SUGARLOAF QUARRY PLAN CORRESPONDS 
TO THE SE CORNER OF SECTION 13, TOI'iNSHIP 
41 S, RANGE 19E. 
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(SEE NOTE 1) 
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REVISED AS PER P.I.D. NO. 09-S -15 

COORDINATE 

NORTHING EASTING 
12,091.40 9,429.00 
12,088.90 9,431.10 
II, 862.40 9,390.90 
II, 632.30 9,333.10 

II, 149.80 9,107.30 
II, 232.30 9,497. 40 
II, 434.50 9,461. 70 
11,48610 9,800.00 
II, 865.80 9,770.30 

II, 970.00 9,614.80 
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10,214.0 8, 391.0 
10,413.0 8, 065.0 

10. 564.0 7, 980.0 

PLANT COORDINATE 
(SEE NOTE 31 
!liO 000 

2. HAUL DISTANCES FROM THE RIPRAP BORROW 
SOURCES TO THE MEXICAN HAT SITE ARE AS FOLLOWS· 

SUGARLOAF QUARRY -15 MILES 
BLUFF QUARRY - 30 MILEs 

3. THE PLANT COORDINATE OF N 10,000, E 10,000 
ON THE BLUFF QUARRY PLAN CORRESPONDS TO 
THE ·SE CORNER OF THE NE 1/4 OF SECTION 28, 
TOWNSHIP 40 S, RANGE 22 E. 

4 .. SITE BOUNDARIES FOR THE BLUFF QUARRY ARE 
DESCRIBED IN THE PERMIT APPLICATIONS. 

5. SITE RESTORATION OF THE BORROW SITES SHALL 
COMPLY WITH THE PERMIT PROVISIONS. 

REFERENCE DRAWINGS: 

H/M-GE-10-0203 HAUL ROAD CORRIDOR AND 
BORROW AREA LOCATIONS 
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HOLES TO BE FILLED WITH CONCRETE OR 
AGGREGATE, AS APPROVED BY THE CONTRACTOR. 

PROFILE AT NORTH BANK 
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SCALE 
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SECTION 
NOT TO SCALE 
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FEET 
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JOINT FILLER 

INLET INVERT 
EL.4492.0± 

REMOVE ROCK AS NECESSARY FOR CULVERT 
PLACEMENT AND TO PROVIDE BEDDING 

~----KEY 1RENCHES (SEE NOTE 1}------__.J 

CONCRETE AS REQUIRED 
TO MEET INVERT ELEV. 

SECTION 8 
NOT TO SCALE 
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6 u4AwL 

NOTES: 

1. INSTALL KEY TRENCHES IN RIPPABLE ROCK IN ARROYO BOTTOM. 
KEY TRENCHES NOT REQUIRED N NONRIPPABLE ROCK. 

2. PORTLAND CEMENT CONCRETE MATERIALS SHALL MEET THE 
REQUIREMENTS FOR PORTLAND CEMENT CONCRETE PAVEMENT, 
SUBSECTIONS 408.02 THROUGH 408.12 OF THE UTAH STATE 
STANDARD SPECIFICATIONS, 1979 EDITION. COMPRESSIVE STRENGTH 
OF THE CONCRETE SHALL BE 4,000 PSI IN 28 DAYS. 

3. THE CONCRETE CONSTRUCTION OF THE CROSSING SHALL BE IN 
ACCORDANCE WITH SECTION 408 OF THE UTAH STATE STANDARD 
SPECIFICATIONS, 1979 EDITION, AND AS APPROVED BY THE CONTRACTOR. 

4. REQUIREMENTS OF SUBSECTIONS 408.13, 408.16, 408.26, 
408.27 AND 408.28 OF THE UTAH STATE STANDARD SPECIFICA
TIONS, 1979 EDITION, SHALL NOT APPLY. 

5. SUBCONTRACTOR SHALL CONSTRUCT A TEMPORARY CROSSING 
DOWNSTREAM OF THE PERMANENT CROSSING. VEHICULAR 
TRAFFIC SHALL BE DIVERTED FROM THE PERMANENT CROSSING 
FOR AT LEAST 7 DAYS AFTER FINAL POUR OR AS DIRECTED BY 
THE CONTRACTOR. 

6. FOR LOCATION OF GYPSUM WASH CROSSING, SEE DWG. NO. 
H/M-GE-10-0203. 

7. SIDESLOPES CUT IN ROCK SHALL BE 1:1 OR FLATTER. SIDESLOPES 
CUT IN SOIL SHALL BE 3:1 OR FLATTER. 

8. AT RB-410 ROCK WAS ENCOUNTERED AT ONE FOOT DEPTH, HOLE 
WAS NOT LOGGED. 

REFERENCE DRAWING: 

HIM -GE -10- 0203 HAUL ROAD CORRIDOR AND BORROW AREA 
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(SEE NOTE 3) 

HORIZONTAL AND VERTICAL CONTROL POINTS 
ESTABLISHED BY WESTERN DESIGN CONSULTANTS 
OF SALT LAKE, UTAH. CONTOURS BASED ON 
AERIAL PHOTOGRAPHY TAKEN JULY 1990. ADDI
TIONAL FILL HAS BEEN PLACED ON TOP OF 
PILE SINCE THEN. THEREFORE, EXISTING CON
TOURS WILL VARY SLIGHTLY FROM WHAT IS SHOWN. 

IN AREA A THE ASBESTOS IS APPROXIMATELY 
AT ELEVATION 4288.0 AND BELOW. IN AREA B 
THE LOWER LIMIT OF ASBESTOS IS APPROXI
MATELY AT ELEVATION 4300.0. ANY ASBESTOS 
CONTAMINATED MATERIAL AT MONUMENT VALLEY 
SHALL BE PLACED WITHIN AREA S. I 

9. FOR EXISTING ACCESS CONTROL AREA DETAILS SEE 
INFORMATION FOR BIDDERS. 
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SCALE FEET 

NOTES: 

I. DEPTHS AND LIMITS OF CONTAMINATED MATERIALS SHOWN 
ARE APPROXIMATE AND WILL BE CONFIRMED BY THE 
CONTRACTOR DURING CONSTRUCTION. 

2. WORK WILL CONSIST OF OVERBURDEN REMOVAL. NO RIP
PABLE EXCAVATIONS ARE REQ'D. THE DEPTH OF CONTAMI
NATION VARIES ALONG THE ARROYO FROM 2'-0 WITH A 
FEW AREAS NEAR THE RETENTION BASIN EMBANKMENT 
REACHING A DEPTH OF 3'-0. 

3. THE RETENTION BASIN EMBANKMENT MATERIAL ALONG 
WITH UNDERLYING CONTAMINATED MATERIAL WILL BE 
EXCAVATED AND DISPOSED OF IN THE TAILINGS 
EMBANKMENT PRIOR TO PLACEMENT OF THE RADON BARRIER. 

4. DURING REMEDIAL ACTION THE SUBCONTRACTOR SHALL 
MAINTAIN SITE DRAINAGE TO PREVENT RUNOFF FROM 

. CONTAMINATED AREAS FROM LEAVING THE SITE. 

5. THERE MAY BE ADDITIONAL AREAS OF OFF PILE CONTA
MINATION THAT REQUIRE REMOVAL THAT ARE NOT 
SHOWN ON THE·DRAWING. ANY SUCH AREAS WILL. BE DE
SIGNArED BY THE CONTRACTOR. 

DRAWINGS: 

LEGEND: 

ESTIMATED LIMITS OF OFF-PILE CONTAMINATES 

DEPTH OF EXCAVATION IN FEET 
lUNLESS NOTED OTHERWISE l 
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NOTES: 
I. SEE DWG. H/M-DS-10-0212 FOR ADDITIONAL 

NOTES AND LEGEND • 

2. 

5.13ACKFILL EXISTING GILLIES AS DIRECTED BY 
CONTRACTOR WITH ROCKFILL SELECTED BY 
THE CONTRACTOR. 
SLOPE SHALL BE UNIFORM BETWEEN EDGE 
OF EXISTING HAUL ROAD AND TOP OF THE 
EMBANKMENT. SLOPE SHALL BE AS 
DIRECTED BY THE CONTRACTOR BUT 
SHALL BE NO STEEPER THAN 7: I. 

REFERENCE DRAWINGS: 
H/M-DS-10-9.2~GS Et.I!ANKMENT PLAN 

HIM- DS-10-0216 TAILINGS EMBANKMENT 

LEGEND: 

SECTIONS AND DETAILS 
(SHEET 2 OF 2) 

218-mt'F...sJ:u:c-flR,AIN~ 
SECTIONS AND DETAILS 
(SHEET 2 OF 2) 

f~P'illltt'!JitfJ!nt TOP OF ROCK 

~~ LIMITS OF ROCKFILL SELECTED 
~;;j:/",.@1 BY THE CONTRACTOR 

~ 

U. S. DEPARTMENT OF ENERGY 
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l 

( 

I. SEE DWG. NO. H/M-DS-10-0212 ANO 
HIM-DS-10-0213 FOR FINAL SITE 
GRADIHG REQUIREMENTS ARaH> DISPOSAL 

. CELL. 

2. THE ACTUAL LOCATION OF THE GRADE 
1 BREAK BETWEEN THE EMBANKMENT TOP 

~ 
AND THE 5:1 SIDESLOPES Will VARY 
BASED ON THE VOLUME OF CONTAM1HA
TED MATERIAL PLACED IN THE £MilANI<-

( MENT. 

3..ALTERNATIVE SPOIL AREA MAY BE 
SELECTED BY CONTRACTOR. 

4. ALL DEPRESSIONS AND LOW SPOTS 
INCLUDING WATER PONDS 'SHALL BE 
BACKFILLED WITH COMMON FILL AND 
SLOPED TO DRAIN AS DIRECTED BY 
THE CONTRACTOR. 

FOR LEGEND, SEE DWG. NO. HI~I~HO-o2112l 

6. FOR GULLY DETAILS, SEE DWG. NO. Hlloi-DS-
10-0220. 

HIM-QS-10-()212 TAILINGS EMBANKMENT PLAN 

H~I~HQ1-0:C~13 TAILINGS EMBAN<MENT PLAN 
AND Drrai SECTIONS AND 
DETAILS 

v--.______,,,,j-, .. r-HIM·DS-10-{)220 HAT- GULLY DETAILS 

Y TOP OF CUT 

T TOP OF FILL 

FLOW PATH 

0 200 400 

OF ENERGY 
ALBUQUERQUE, NEW MEXICO 

FEET 

MEXICAN HAT-MONUMENT VALLEY SITES 
MEXICAN HAT, UTAH-MONUMENT \ALLEY,ARIZONA 

COMPLETION 

HAT -FINAL SITE GRADING PLAN 

i3 

1 ~L----------------------------------------------------------------------------------------------------------L~~--~--~------------------------------------~~--~~~~~~~L----·~--~ ___ n_._-_~ ___ ,~_._~ __ H_•·----------~--~~-=~~~~~~----~--~ 
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4240 

4340 

4320 
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4260 

4360 

~ 4340 
Ul 
IL 

z 4320 
0 
j:: 

~ 
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w 4300 

4280 

4260 

RIPRAP TYPE A 18 "THICK) 
BEDDING LAYER (6" THICK) 

IN-SITU ROCK 

RlpRAP TYPE B-

)' RADON BARRIERI24"THICK) 

\_CONTAMINATED MATERIALS~ 

DETAIL_ 
NOT TO SCALE 

SEE TYP. DETAIL 3 

TYPICAL TOP SLOPE 

.----EMBANKMENT EROSION PROTECTION 18" THICK) 
BEDDING LAYER 16" THICK) 
RADON BARRIER (24" THICK) 

100 0 

HORIZONTAL SCALE 
20 0 20 

VERTICAL SCALE 

'---RELOCATED CONTAMINATED MATERIALS~ 

---EXISTING TAILINGS~ 
SECTION 

100 0 100 200 

HORIZONTAL SCALE 
20 0 20 

FEET 
40 

s=0.02 
.-.:-----:= 

VERTICAL SCALE 

DETAIL 
NOT TO SCALE 

FEET 

RIPRAP TYPE B (12" THICK) 

2 

-------------EXISTING TAILINGS_/ _________ _.. 

SECTION @ 
0 100 200 

FEET 
20 40 

SEE SECTION G HORIZONTAL SCALE 
20 0 

(SIMILAR! 219 

VERTICAL SCALE FEET 

EXISTING GROUND SURFACE 

\ 
TYPICAL SIDE SLOPE \ 

rm~~~~~~T EROSION PROTECION 

BEDDING LAYER 16" THICK) 

RADON BARRIER (24" THICK) ( 

SEE NOTE 5 

IPRAP TYPE B RIPRAP TYPE A 

RIPRAP TYPE A 
IB"THICK) 

·BEDDING LAYER 
16" THICK) 

RADON BARRIER 
(24" THICK) 

---t=====~ RIP RAP TYPE 8 
. (8" THICK) 

'-._CONTAMINATED MATERIALS~ 

TYPICAL TRANSITION FROM 
RIPRAP TYPE A TO TYPE B 

TYP. DETAIL 3 
4360 

4340 
1-
w 
Ul 
IL 
I 

4320 ~ 

NOT TO SCALE 

----· ~ 

4300 

4280 

w 
..J 
IIJ 

REVISED AS PER P. I. D. NO. 09-9-16 

4340 

4320 

l
UI 

43DO~ 
I 

~ 
j:: 
<t 

4280i;i 
..J 
Ul 

4260 

4240 

NOTES: 
I. THICKNESS OF THE RADON BARRIER MAY BE REVISED BY THE 

CONTRACTOR BASED ON RADIOLOGICAL MEASUREMENT OF 
CONTAMINA~~DON THE E.Mt!_A~~~T. 

UXliND -RADON BARRIER AND ERO::iiON PROTECTION TO TIE 
- INTO UNCONTAMINATED EROSION RESISTANT ROCK. ALL 

/hi OVERBURDEN AND LOOSE ROCK SHALL BE REMOVED -
'-'--\ PRIOR TO PLACING RADON BARRIER AND EROSION 

PROTECTION. · __ /-

3. NOT USED. 

5. REGRADE EXISTING SLOPE TO MATCH FINAL GRADE OF 
CONTAMINATED MATERIALS. 

6. SHOTROCK IS ROCK PREVIOUSLY BLASTED BY OTHERS BUT NOT 
EXCAVATED. 

REFERENCE DRAWINGS: 
H/M-OS-10-0212 TAILINGS EMBANKMENT PLAN 
H/M-DS-10-0216 TAILINGS EMBANKMENT SECTIONS AND DETAILS 

I SHEET 2 OF 2 l 
H/M-DS-10- 0217 HAT-SITEDRAINAGE SECTIONS AND DETAILS 

(SHEET I OF 2) 

SEE SECT. c 
(SIMILAR I 16 

LEGEND: 

4340 

4320 
l
UI 
Ul 
Lt.. 
I 
z 

43000 
j:: 

4280 

4260 

~ 
Ul 
_j 

w 

tiit;/IMWtiil!!!l TOP OF ROCK 

U. S. DEPARTMENT OF ENERGY 
ALBUQUERQUE, NEW MEXICO 
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II 

SECTION 
NOT TO SCALE 

RIPRAP TYPE B liZ' THICK) 
BEDDING LAYER (6"THICK) 
RADON BARRIER ( 24"THICK l 

I 

B 
0213 

20'-0 

RIPRAP TYPE C 

EXCAVATE TO 
EROSION 
RESISTANT ROCK 

REMOVE (SEE NOTES 162) 
OVERBURDEN 

TYPICAL APRON IN FILL AREAS 

EXISTING EROSION 
RESISTANT ROCK 

. PUNCH MARK ON TOP OF CASING 
(FOR MONITORING OF HORIZONTAL MOVEMENT) 

SUPPORT PIPE 
AS REQUIRED 
(SEE NOTE 7)'\, 

oormM OF RADON BARRIER LAYER OR 
APPROXIMATE SUBGRADE FOR 
CONTAMINATED MATERIAL FILL 

TYPICAL NEW DISPLACEMENT MONUMENT DETAIL 
(HIM- DS-10-0212) 

NOT TO SCALE 

MEET FINAL GRADE 
OR TOP OF GULLIES 

RIPRAP TYPE B 
U2"THICK MINIMUM) 

EXISTING COMMON FILL 
(ADD ADDITIONAL FILL 
WHERE REQUIRED, TO 
MEET FINAL GRADE) 

REMOVE CONTAMINATED 
MATERIAL 

REMOVE ROCK IF ROCK EXTENDS 
BEYOND RADON BARRIER 

RIPRAP TYPE B ( 12" THICK) 

BEDDING LAYER (6" THICK) 

REMOVE LOOSE SHOT ROCK 
AND RECOMPACT OR REPLACE 
WITH COMMON FILL 

SIDESLOPE GRADING DETAIL 

5 

SCALE 

REMOVE ALL CONTAMINATED 
MATERIALS AND EXCAVATE 
EXISTING COMMON FILL AS 
REQUIRED TO CONSTRUCT RADON 
BARRIER AND APRON 

(SEE NOTE 10) 
0 5 10 

FEET 

RIPRAP TYPE B ( 12" THICK) 
BEDDING LAYER ( 6" THICK) 
RADON BARRIER ( 24"THICK ) 

5 
I~ 

,. .. 
LIMIT OF CONTAMINANTS 

TYPICAL APRON IN FILL AREAS 
WITH RIPRAP PROTECTION BEYOND 20' APRON 

SECTION 
(SEE NOTE Ill 

10 0 20 
-~S~CA~L~E~~------~~~F~E~ET 

~£VISIONS BY OA DOE 
MGR. APP. 

I. EROSION RESIST NH ROCK IS DETERMINED BY REfUS.tL Of A 
POWER NJGER. DRILLING VERTIC.tLL Y. USING A CARBIDE STEEL BIT. 
TRENCH BOTTOMS WILL BE TESTED ON MAXIMUM OF 20 fOOT 
CENTERS. GENER.tLL Y EROSION RESIST ANT ROCK IS NATUR.tL, 
UNDISTURBED. INTACT ROCK WHICH CANNOT .. BE RE,IDILY RIPPED 
OR LOOSENED OR BROKEN BY A BACKHOE DURING NORM.tL 
EXCAVATION AM> RINGS WI£N STRUCK WITH A GEOLOGIST'S ROCK 
HN.IMER. 

2. WHERE EXCAVATIONS ARE TO GO TO EROSION RESISTANT ROCK, 
THE SUBCONTRACTOR SHALL EXPOSE THE EROSION RESISTANT R 
FOR INSPECTION AND LOGGING BY THE CONTRACTOR'S GEOLOGIST 
.tLL LOOSE MATERI.tL SH.tLL BE REMOVED AND THE ROCK SURF_ 
CLEANED TO THE ACCEPTABLE ROCK CLEANUP SURfACE. BACK L 
SHALL NOT BE PLACED UNT~ CONTRACTOR ~PROVES THE R 

3. 

4. 

5. 

6. 

7. 

Rf ACE l.l9M OF EXCAV N. 

FOR APRON AREAS REQUIRING RIPRAP PROTECTION SEE 
OWG.NO. H/M-OS-10-0219. 

LENGTH OF PIPE AND ROD OF EXISTING DISPLACEMENT. 
MONUMENT VARY ACCORDING TO ELEVATION OF BASE PLATE 
AS SHOWN ON DWG. NO. HIM-DS-10-0212. 

WHERE THE BASE PLATE IS LOCATED AT THE TOP OF THE 
RELOCATED TAILINGS !UNDERNEATH· THE RADON BARRIER) THE 
PIPE SHALL BE PLACED DIRECTLY ON THE PLATE. PIPES SHALL 
NOT BE ATTACHED TO PLATES OR RODS. 

PIPES AND RODS WITH TOTAL LENGTH GREATER THAN FOUR FEET 
SHALL BE INSTALLED IN -4-FOOT SECTIONS AS FLL CONSTRUCTION 
PROGRESSES. RODS SHALL BE SECURELY FLUSH-COUPLED AS 
REQUIRED. PIPES SHALL BE SECURELY COUPLED SUCH THAT 
INS1DE DIAMETER IS NOT LESS THAN 1112" AT ANY POINT. SUB
CONTRACTOR SHALL MAKE ELEVATION MEASUREMENTS OF TOP 
OF ROD IMMEDIATELY BEFORE AND AFTER ADDITION OF EACH ROD 
SECTION. PIPES SHALL BE CAPPED AT ALL TIMES TO PREVENT 
ENTRANCE OF FOREIGN MATTER. 

PIPES SHALL BE SUPPORTED BY FILL COMPACTED BY LIGHT 
WEIGHT TAMPERS WITHIN FIVE FEET OF PIPES TO MEET SAME 
COMPACTION REQUIREMENTS AS FOR ADJACENT FLL. CARE SHALL 
BE TAKEN TO ENSURE THAT PIPES REMAIN NOMINALLY CENTERED 
AROUND RODS. 

8. BEYOND THE EMBANKMENT APRON, BEODIN:> LAYER IS NOT REQURED 
., R1e_~~~~~~J!!!_I~ 
THE {)EPTH TO EROSION RESIST ANT ROCK BELOW POINT "A" Wl.L 
VARY. THE MINIMUM DEPTH IS 15 INCHES BELOW FINAL GRADE. THE' 
LOCATION Of POINT "A" IS fiXED. THE 1,1 SLOPE Of RIPR~ 
TYPE C EXTENDS TO TOP OF THE EROSION RESIST ANT ROCK. 
LOCATION Of POINT "B" WILL VARY. 

10. SloESL~ILAPP~iDEsi..OP 
WHERE RuCK IS AT OR NEAR THE SURFACE. 

-~--~------~----------~ SECTION 0 - APPLIES BETWEEN THE GULLIES AND THE 
EMBANKMENT AND OTHER AREAS WHERE DEPTH TO 
COMPETENT ROCK BELOW FINAL GRADE IS GREATER THAN 
4'-21;2~ 

REFERENCE DRAWINGS: 
HIM- DS-10-0212 TAILINGS EMBANK 

HIM- DS-10-0213 

HIM- OS -10-0215 TAILINGS EMBANKMENT SECTIONS AND 
DETAILS (SHEET I OF 2) 

HIM-DS-10-0219 HAT- EROSION PROTECTION PLAN AND 
SECTIONS 

U. S. DEPARTMENT OF ENERGY 
ALBUQUERQUE, NEW MEXICO 

MEXICAN HAT-MONUMENT VALLEY SITES 
. MEXICAN HAT, UTAH- MONUMENT VALLEY, ARIZONA 
~ COMPLETION 

t=~--:-t{\\\\.\ TAILINGS EMBANKMENT 
\l SECTIONS AND DETAILS 

( SHEET 2 OF 2 ) 

D,.AWIHt HO. 

H/M-DS-10-0216 



p .. 

4310 

.... 4300 
llJ 
llJ 
u. 

14290 

z 4280 
0 

~ 
llJ 
.J 
llJ 4270 

4260 

N8810.0 
E9423.7 

STATION 0+00 1+00 

EXISTING ROCK SURFACE 

------ S•0.005 

DITCH INVERT (SEE NOTE 4 l 

2+00 3+00 

PROVIDE RIPRAP THROUGHOUT THE DITCH LENGTH 

4+00 5+00 6+00 7+00 8+00 

WEST DITCH PROFILE 

~~-- 0 100 
HORIZONTAL SCALE 

10 0 10 
o---
VERTICAL SCALE 

200 
I 

FEET 
20 

I 
FEET 

9+00 

i WEST DITCH 

• RIPRAP TYPE c I RIPRAP TYPE B .. 

I .---RIPRAP TYPE C (15" THICK) 

I BEDDING LAYER ( 6" THICK) 

I I //t 
----:-----

SECTION 

10 0 n...-..-
SCALE FEET 

!i. WEST DITCH 

SECTION{[\ 
~ 

10 0 10 ,....,_ -
SCALE 

20 
I 

FEET 

40'-0 

10+00 

@l STA.II+75 r OUT LET 

I 

11+00 1~+00 13+00 14+00 

45' TO ft. OF DITCH 

SECTION F 
NOT TO SCALE 0212 

REVISED AS PER P.t.O. NO. 09-S-15 

ISSUED FOR CONSTRUCTION 

ftEVIIIIONS 

BACKFILL WITH ROCKFILL 
SELECTED BY CONTRACTOR 

4310 

4300 .... 
llJ 
llJ 
u. 

4290 I 
4280 z 

0 

~ 
> 
llJ 
.J 

,4270 llJ 

4260 

NOTES: 

1. SECTION E APPLIES BETWEEN STATION 0+00 AND STATION 
9+75, SECTION D APPLIES DOWNSTREAM OF STATION 9+75. 

2. SEE DWG. NO. H/M-DS-10-0212 FOR PLAN OF WEST DtTCH. 

3. EXTEND RADON BARRIER BEYOND LIMITS OF CONTAMINATED 
MATERIAL TO ROCK. 

4. DITCH INVERT SHOWN IS TOP OF RIPRAP. 

REFERENCE DRAWINGS: 

H/M-DS-10-0212 TAILINGS EMBANKMENT PLAN 

HIM-DS-10-0215 TAILINGS EMBANKMENT SECTIONS AND DETAILS 
(SHEET I OF2l 

LEGEND: 

lfiWWil\i@)mlfWf,l 
TOP OF ROCK 

4'-o 
TRANSITION 

'~~---BEDDING LAYER 
(6" THICK) 

·.~RADON BARRIER~ 

DETAIL 
NOT TO SCALE 

U. S. DEPARTMENT OF ENERGY 
ALBUQUERQUE, NEW MEXICO 

OftAWINe NO. 

li/M-DS-10-0217 
RIEV. 
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LIJ 
LIJ 
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42B5 

4280 

5 4275 
j::: 

~ 
LIJ 
..J 
w 

4270 

4265 

DETAIL 

:-, -~EXISTING GROUND SURFACE 

'\{ . 
. \ WIDTH VARIES (50' MAX. 

ID\ 
2 \ 

g 
<t 
0 
LIJ 

I~ -- -- -- - -- -- -- -

/ / 

20 0 40 

HORIZON'TAL SCALE FEET 

5 0 5 10 

~VE5R·T~IC5A·L~s5c·A·L~E--~~~F~E~E~T 

t-
LIJ 
LIJ 
IL 
I 
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Q 
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~ 
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t
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IL 
I 

4275 

4270 

4265 

4260 

4280 

4275 

5 4270 

~ 
LIJ 
...J 
LIJ 

4265 

4260 

MEET FINAL GRADE 

DETAIL 
NOT TO SCALE 

DITCH INVERT 
RIPRAP TYPE C 

SECTION @) 
20 0 20 40 

P""""1 

HORIZONTAL SCALE FEET 

5 0 5 10 

VERTICAL SCALE FEET 

FINAL GRADING 
(SEE NOTE I ) ROCKFILL TO BE SELECTED 

BY CONTRACTOR 

SECTION ® 
20 0 20 40 

HORIZONTAL SCALE FEET 

5 0 5 10 

VERTICAL SCALE FEET 

NOTES: 

f'IN.tl SURF ACE OF ROCKF'ILL TO BE SELECTED BY CONTRACTOR 
WILL BE OR .tOED TO PROMOTE SHEET FLOW. THE SURF ACE SHOULD 
HAVE NO NOTICABLE t.IOUt-«lS, RIOGES, SW .tlES OR DEPRESSIONS AS 
DETERI.fN£0 BY THE CONTRACTOR. ~

(1.' 

2. ROCKF'ILL SIZES SH.tll BE SELECTED TO FILL .ell SPACES ,tN0 TO 
AVOO NESTING. ROCKF't.L SM.tlLER THNj I' PIECES SHOULD BE 

f 
PLACED NjO COMPACTED ACCORDING TO PROCEE~ES APPROVED 

MEET EXISTING BY THE CONTRACTOR. ROCKF'ILL LARGER THAN I' SHOULD BE 
GRADE flOIVOO.tlL Y PLACED. 

, 3. LARGER P£CU Of' ROCKF'U SH.tlL BE PLN::ED NEAR THE SURF' ACE. 

CKF'II.L SHOULD BE PLACED TO MEET EXISTING GR.tOE !H) AVOIO . 
OW CONCENTRATIONS BETWEEN ROCKF'ILL SURFACE !H) EXISTING ' 
RR,tjN . ....___------

REFERENCE DRAWINGS: 
H/M-DS-10-0212 TAILINGS EMBANKMENT PLAN 

H/M-OS-10-0216 TAILINGS EMBANKMENT SECTIONS AND 
DETAILS (SHEET 2 OF 2) 

U. S. DEPARTMENT OF ENERGY 
ALBUQUERQUE, NEW MEXICO 
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EXISTING GROUND 
SURFACE 

NOTE: SECTION A APPLIES WHERE 
-EMBANKMENT SIDE SLOPES 
MEET EXISTING GRADE 

EROSION PROTECTION 

200 

SCALE 

0 200 400 

FEET 

ROO<FILL SHOULD BE PLACED 
AND EXISTING GROUND GRADED 
TO AVOID FLOW CONCENTRATION 
ALONG EDGE OF EMBANKMENT 

RIPRAP TYPE B I 12" THICK I 

'--coMMON FILL~ 

BETWEEN TOP SLOPE AND SECT ION 
TO£ OF SIDE SLOPE 

SEE NOTE 4 

5 0 

SCALE 

\ 

EXISTING 
GROUND 
SURFACE 

TYPE B ( 12" THICK) 

BEDDING LAYER(6"THICKI 

TYPICAL SECTION 
NOT TO SCALE 
SEE NOTE !I 

RIPRAP TYPE B 

RADON 

NOTES: 
I. THE OUTER LMT OF" RIPRAP COVER SHOWN IS APPROXIMATE FINAL 

LIMIT SH.tll BE OETERM!t£D r. M fiELD DURING CONSTRUCTION. 

2. ROCK TO BE CHPPEO OR Pt.N£D SH.tll NOT BE RI'P£0 OR BLASTED 

3. SECTION 'G APPLIES WHERE DEPTH TO ROCK BELOW fiNAL GRH>E 
IS 3 FEET OR LESS OR AS DIRECTED BY THE CONTRACTOR. WHERE 
DEPTH TO ROCK BELOW f"r..tt. GRH>E IS MORE THNl 3 fEET THE MtA 
BELOW 3 fEET SHOULD BE BACKfiLLED WITH RIPRAP SELECTED BY THE 
CONTRACTOR. 

4. SECTION A APPLIES WHERE THE EMBANKMENT SDE SLOPE 
COMES IN CONTACT WITH GROUND SURmCE. DETAIL 1 ON 
OWG. H/M·OS-lD-021!1 APPLIES WHERE THE EM~KMENT TOP St..OPE 
COMES IN CON rACT WITH GROUND SURFACE. 

S. SECTION E APPLIES WHEREVER THERE IS A TRANSITION 
PROTECTION AND COMMON FILL BETWEEN 

THE GULLIES 

TOP OF RIPRN' TYPE C SH.<ll BE GRH>ED TO PROVIDE SMOOTH 
TR<'NSITION TO TOP OF RIPRAP TYPE ·A. . 

7. WIDTH IS 13.3' MNMUM. ACTUAL WIDTH WILL BE DETER!.IINED BY 
THE CONTRACTOR DEPENDING ON LOCAL TOPOGRAPHY. 

8. PLACE "RIPRN' TYPE C .<LONG ~STREN.C APRON OF THE f.MI~Nl'KM1~N 
AS SHOWN ON DETAILS ® N4D m. WHEREVER THE TOP SLOPE 
CONTACT WITH THE INSii!Y SLOPE IS" ABOVE THE EXISTING HN.A. RO..O 
<'NO THE VERTICAl. DIST NlCE TO THE CREST or THE RIDGE IS 
GREATER THNl 20 fEET. 

9. ROCI<fll.l TO BE Pt.ACE:D N 1 fOOT lifTS <'NO COI.PACTED BY TRACK 
WALKNG. 

REFERENCE DRAWINGS: 

BARRIER H/IA·OS-10·0212 TAILINGS EMBN«MENT Pl<'N 
EXCAVATE NORTH DITCH 
TO MINIMUM LIMITS 

CONTAMINATED 

~~~~~~~~~=:::::::-:::~~n:JIIllln!-..-M=ATERIALS"')_ HIM:.DS·10·021S 
TAILINGS EMB<'NKMENT SECTIONS <'NO 
DETAILS (SHEET 1 or 21 

__-· 
-- ~/ 

5•0.02 ______. 

RADON BARRIER 
\ (24" THICK)-

--. '-cONTAMINATED : 
MATERIALS 

\ 

.· .· 

:. 

/ 

H/IA·OS-10·021& TM.INGS EMB<'NKMENT SECTIONS <'NO 
DETAILS I SHEET 2 OF 21 

H/M·OS-10·0218 HAT-SITE DRMIAGE SECTIONS <'NO 
DETAILS <SHEET 2 OF 21 

LEGEND: 

1 r r 
r r r 

~ 

L '\ '\"' 
l:rt~MMttWJ 

TOP OF CUT 

TOP OF FILL 

TOP OF ROCK 

ROCK TO BE CHIPPED OR PLAN 

RIPRAP TYPE A 

RIPRAP TYPE B 

RIPRAP TYPE C 

ROCI<FLL(TO BE SELECTED BY CONTRACTOR) 

APPROXIMATE OEPTH OF EXISTING fiLL IN APRON 
IS LESS THAN 4' BUT GREATER THAN 2' 

APPROXIMATE DEPTH OF EXISTING fiLL IN APRON 
IS LESS THAN l!' 

U. S. DEPARTMENT OF ENERGY 
ALBUQUERQUE NEW MEXICO 

MEXICAN HAT-MONUMENT VALLEY SITES 
MEXICAN HAT, UTAH- MONUMENT VALLEY,ARIZONA 

· COMPLETION 

~ HAT- EROSION. PROTECTION 
PLAN AND TIONS 



w 

PLAN 

TYPICAL EROSION PROTECTION AT GULLIES 
I H/M-'DS-10-0219) 

NOT TO SCALE 

TYPICAL GULLIES SECTION 
I SEE NOTE 2 I 
NOT TO SCALE 

A 

TYPICAL KEY TRENCH SECTION 
I SEE NOTE 2 AND TABLE 1 FOR DIMENSIONS ) 

NOT TO SCALE 

8 

RIPRAP TYPE C 
RIPRAP TYPE C OR 
ROCKFILL TO BE 
SELECTED BY THE 
CONTRACTOR 
I SEE NOTE 2 8 3) 

LIMIT Of COMMON 
FILL SUBGRADE 
~ EXISTING GROUND SURFACE 

TYPICAL PROFILE AT GULLIES 
I SEE TABLE 1 FOR DIMENSIONS) 

NOT TO SCALE 

RIPRAP TYPE C OR ROCKFILL 
TO BE SELECTED BY CONTRACTOR 
(SEE NOTES283) 

SLOPE TO DRAIN AS DIRECTED 
£BY THE CONTRACTOR (SEE NOTE 4) 

COMMON FILL 
(SEE NOTE 2) 

TYPICAL KEY TRENCH 
DETAIL IN COMMON FILL 

NOT TO SCALE 

RIPRAP TYPE C 
(15• THICK MINJ 

PROFILE OF GULLY NO. 1 
( H/M-PS-10-0219) 

20 0 20 
!"""'W;-
HOO!ZONTAL SCALE 

10 0 10 
r-;;; -VERTICAL SCALE 

40 
I 

FEET 
20 

I 
FEET 

RIPRAP TYPE C 
OR ROCK FILL TO BE 
SELECTED BY THE 
CONTRACTOR 

TABLE I-SETTINGS AND DIMENSIONS Of GULLIES 

GULLIES KEY TRENCH SIDE-
SLOPE 

GULLY wm.~ ELl~:)ION SLOPE lll!ij,~ESS ~mH ~~tn SIDE- 0rffi SLOPE 
< W(MiN. El El! Sl TI(MIN} T2 L l?lb!N IIM~N.l H 

I 292 

2 90 

3 100 
_. ._,.-----______ 

4262 4244 0.1!5~ 1.2!5 0.!5 VARIES 1.2!5 I'- 2 

4225 42i8 0.049 1.2!5 0.!5 25 1.2!5 "1 2 

4266 42!53 O.IOB 1.25 0.5 25 ( 1.2!5 ., 2 
....--~----

.. --------------- ~. 

NOTES: 
I . THE OUTER LIMIT OF RIPRAP COVER SHOWN IS APPROXIMATE. FINAL 

LIMIT SHALL BE DETERMINED BY THE CONTRACTOR IN THE FIELD 
DURING CONSTRUCTION. 

2. WHERE EXISTING SUBGRADE CONSISTS OF COMMON FILL A BEDDING LAYER 
SHALL BE PLACED BETWEEN THE RIP RAP AND THE FILL. WHERE EXISTING 
SUBGRADE CONSISTS OF IN-SITU ROCK OR ROCKALL SELECTED 
BY THE CONTRACTOR, NO BEDDING LAYER IS REQUIRED. 

3. N AREAS WHERE EXISTING GRADE IS ABOVE THE MINIMUM GRADING 
LIMIT, THE AREA SHALL BE EXCAVATED 10 OR BELOW THE MINIMUM 
LIMIT. WHERE EXISTING GRADE IS BELOW THE MINIMUM LIMITJHE 
AREA SHALL BE BACKFILLED WITH TYPE C RIPRAP OR ROCK~1LL TO 
BE SELECTED BY THE CONTRACTOR AS SHOWN. 

4. SLOPE SHALL BE 10% MAX 

5, ~ONG GUlLY BOTTOM AND SIDESLOPE SURF' ACES, THERE SHOULD 
BE NO TRANSITION BETWEEN RIPRAP Nfl) INSITU ROCK. 

6. ROCKF'ILL SELECTED BY CONTRACTOR PLACED BELOW GULLY NO. 1. 
SH"lL BE 1' MINIMUM ROCK SIZE.' ROCK PIECES SH~L BE PLACED 
INOIVIDU~L Y TO MINIMIZE VOIDS. IRREGULARITIES IN THE FINISHED 
SURf ACE1 CONSIST ANT WITH THE ROCK SIZES) WILL BE H.LOWE 

REFERENCE DRAWINGS: 
H/M-DS-10-0216 TAILINGS EMBANKMEN:r SECTIONS 

AND DETAILS (SHEET 2 OF 2) 
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3. CONTAMINATED MATERIALS IN THE 
FORMER UPPER TAILINGS PILE AREA 
HAVE BEEN REMOVED AND PLACED 
ON TOP OF THE DISPOSAL EMBANK
MENT. BORINGS AND PIEZOCONES IN 
THIS AREA THAT WERE ABOVE 
EXISTING GRADE ARE NOT SHOWN. 

4. THE LYSIMETERS AND WELLS 
INSTALLED IN 1990 HAVE BEEN 
ABANDONED. 

5. AT LOCATION L 1 NO LYSIMETER OR 
WELL WAS INSTALLED. 

LEGEND: 
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NOTES: 

I. ALL INFORMATION SHOWN IS BASED ON "PLANT"COORDINATES 
UNLESS NOTED OTHERWISE WITH AN ASTERISK Ill;), INFORMATION 
SHOWN WITH AN ASTERISK (ll<:liS BASED ON ARIZONA STATE 
PLANE COORDINATES. 

2. THE DIFFERENCE BETWEEN THE TWO COORDINATE SYSTEMS IS: 

ARIZONA.1PLANT" NORTH 
~6~~~~~~~E o• 12' 32" 
SYSTEM NORTH 

3
' 6~~<;fsWt~~~EfJ~~~sF~3~ f'J~T~J'i:ttrf JR~0~~JJ 

FURNISHED BY JACOBS ENGINEERING GROUP, INC. IN MARCH 
I9B4. 

4. BEFORE USING COMMON FILL FROM BORROW AREA, SUBCONTRACTOR 
SHALL USE COMMON FILL AVAILABLE WITHIN THE SITE BOUND
ARY AS DIRECTED BY THE CONTRACTOR. 

REFERENCE DRAWINGS: 

H/M-PS-10-0231 MON-CONSTRUCTION FACILITIES AND SITE 
DRAINAGE 
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NOTES: 

1. ALL COORDINATES SHOWN ARE "PLANT" COORDINATES UNLESS 
-NOTED OTHERWISE. 

2. ALL ·RUNOFF FROM DISTURBED CONTAMINATED AREAS OF THE 
SITE SHALL BE DIRECTED TO THE -WASTEWATER RETENTION 
BASIN AND CATCHMENT AREAS. THE SUBCONTRACTOR SHALL 
MAINTAIN EXISTING OR ESTABLISH A NEW DRAINAGE PATTERN 
WITHIN ALL WORK AREAS. 

3. ~~~i~i~~~E~~ ::i:~T:E ::i~~~~i~~E~~~J~ b~~ 'SHALL 
ARTICLE 1.3 PARAGRAPH A OF THE SPECIFICATIONS. WATER IN 
THE CATCHMENT AREA MAY BE USED FOR DUST CONTROL IN 
CONTAMINATED AREAS. 

4
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5. FOR DETAILS OF RETENTION BASIN SEE INFORMATION 
FOR BIDDERS. 

6. ALL FACILITIES SHOW-N ARE EXISTING. 

7. OFF SITE'PARKING SHALL BE ON THE ABANDONED AIRSTRIP 
ADJACENT TO THE HAUL ROAD OR AS APPROVED BY THE 
CONTRACTOR. 

REFERENCE DRAWINGS: 
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DESCRIPTION NORTH EAST 

A RUBBLE PILE 58,782 87,791 6164 
B BOULDER PILE 58,884 86,566 48 

c BOULDER PILE 58,823 86,517 124 
0 BOULDER PILE 58,698 86,496 IS 
E BOULDER PILE 58,519 86,660 lSI 
F BOULDER PILE 58,399 86,546 308 
G BOULDER PILE 58,366 86,429 743 

) H BOULDER PILE 58,322 86,517 155 

I BOULDER PILE 58,2B5 86,452 28 
J BOULDER PILE 58,279 86,401 29 

) ., 
BOULDER PILE 58,524 86,375 152 

L BOULDER PILE 5B,548 86,46B 181 

::i 58,679 86,382 531 
'< RUBBLE PILE 57,575 87,059 71 

EB8,000 

NOTES: 

1. EXCAVATION OF CONTAMINATED MATERIAL 
IN AREAS A,B,C, E AND THE OLD PILE WILL 
BE AT THE DIRECTION OF THE 
CONTRACTOR IN THE FIELD. DEPTHS OF 
CONTAMINATION IN AREAS C, E AND THE 
OLD PILE AVERAGE I FOOT; HOWEVER THE 
ROCKY TERRAIN MAY PROHIBIT LEVEL 

4. THE AREAS SHOWN ARE BASED ON THE 
BENDIX REPORT WHICH IS INCLUDED IN 
THE INFORMATION fOR BIDDERS. 

5. LOCATIONS AND QUANTITIES FOR RUBBLE AND 
BOULDER PILES (SEE TABLE I l SUPERCEDE 
THE VALUES GIVEN IN THE BENDIX REPORT. 

6. LOCATION OF FACILITIES TO BE DEMOLISHED ARE 
APPROXIMATE AND WILL BE VERIFIED IN THE 
FIELD. 

EXCAVATION. . 

2. EXCAVATION PLAN SHOWN IS APPROXIMATE. 
FINAL EXCAVATION Ll M ITS WILL BE AS 
DETERMINED BY THE CONTRACTOR. 

3. EXCAVATED SLOPES SHALL NOT EXCEED 
2(Hl: I (V)FORCUTS IN SOIL. ROCK · 
SLOPES SHALL BE AS DIRECTED BY THE 
CONTRACTOR. 

7. THE POND LINER AND ANY UNDERLYING CONTAMINATED 
MATERIAL SHALL BE REMOVED AFTER ALL OTHER 
CONTAMINATED MATERIALS AT THE MONUMENT VALLEY 
SITE HAVE BEEN REMOVED. 

8. ALL COORDINATES SHOWN ARE "PLANT" COORDINATES 
UNLESS NOTED OTHERWISE. 

9. SURFACE AND CONDITION OF ROCK UNDER CONTAMINATED 
MATERIALS ARE IRREGULAR AND VARY WIDELY. 

H/M-PS-10-0233 MON-CONTAMINATED MATERIAL 
EXCAVATION PLAN (SHEET 2 OF 2 l 
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y y 

-4870- APPROX. BOTTOM CONTOURS 
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MILL SITE BOUNDARY 
NOT TO SCALE 
RUBBLE OR BOULDER PILE 
(SEE NOTE 5 AND TABLE 1) 

FACILITY TO BE DEMOLISHED AND 10 NUMBERS 
SEE INFORMATION FOR BIDDERS FOR DETAILS 

AREA OF ROCK CLEANUP 
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I. .FOR ADDITIONAL NOTES SEE DRAWING NO. H/M-PS-10-0232. 

2: CONTAt.itNATE!J MATERIALS SHALL BE REMOVED 
WITHIN 100' FROM THE CENTERLINE OF THE ACCESS 
ROAD TO THE ABANDONED AIRFIELD TO NORTHING 
•63,400· 

3. .TABLE I ON DWG. NO. HIM- PS-10-0232 FOR THE 
ATES AND VOLUMES OF THE RUBBLE AND 

PILES. 
4. BE 

H /M- PS-10-0232 CONTAMINATED MATERIAL EXCAVATION 
PLAN (SHEET I OF 2 l 
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NOTES: 

I. FINAL GRADES MAY BE ADJUSTED BY THE CONTRACTOR 
BASED ON THE FINAL EXCAVATION DEPTHS. 

2. SLOPES IN THE FINAL GRADES SHALL NOT BE STEEPER 
THAN 5(H);I(V) IN SOIL. ROCK SLOPES SHALL BE AS 
DIRECTED BY THE CONTRACTOR. 

3. FILL IN DEPRESSIONS (e.g. CONSTRUCTION WATER POND) 
AND GRADE TO DRAIN AS DIRECTED BY THE CONTRACTOR. 

4. SEE INFORMATION FOR BIDDERS FOR RETENTION BASIN 
DETAILS. 

5. LIMITS OF FINAL SITE GRADING WILL BE DETERMINED 
BY THE CONTRACTOR. ACTUAL LIMIT WILL DEPEND 
ON LIMITS OF CONTAMINATED MATERIAL REMOVAL,TERRAIN 
AND TYPE OF GROUND SURFACE. 

6. ALL COORDINATES SHONN ARE "PLANT" COORDINATES UNLESS 
NOTED OTHERWISE. 

7. WHERE CONTAMINATED MATERIAL IS REMOVED DOWN TO 
ROCK SURFACE, FINAL SURFACE WILL BE UNEVEN AND 
VARY WIDELY. SEE EXAMPLE AREA OF ACCEPTABLE ROCK 
ON DWG. NO. HIM -PS-10-0233. 

8. WHERE CONTAMINATED MATERIAL IS REMOVED DOWN TO 
ROCK SURFACE, FINAL GRADING WILL BE LIMITED TO 
PROVIDING POSITIVE DRAINAGE AS DIRECTED BY THE 
CONTRACTOR. 

9. ALL TEMPORARY BERMS SHALL BE REMOVED AND ALL 
TEMPORARY DITCHES FILLED IN. EXCAVATED AREAS IN SOIL SHALL 
BE REGRADED TO DRAIN AS DIRECTED BY THE CONTRACTOR. 

REFERENCE DRAWINGS: 

H/M-PS-10-0233 MON-CONTAMINATED MATERIAL EXCAVATION 
PLAN ( SHEET 2 OF 2 ) 

HIM- PS-10-0235 MON-FINAL SITE GRADING AND DRAINAGE 
PLAN (SHEET 2 OF 2 l 
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C.1 INTRODUCTION 

The Uranium Mill Tailings Radiation Control Act (UMTRCA) of 1978 (PL95-604) 
gave the responsibility of developing standards for remedial action to the U.S. 
Environmental Protection Agency (EPA). Section 108 of PL95-604 states that the 
DOE shall 11 Select and perform remedial actions at the designated processing sites 
and disposal sites in accordance with the general standards 11 prescribed by the 
EPA. The EPA standards state: 

11 Section 108 of the Act requires the Secretary of Energy to se 1 ect and 
perform remedial actions with the concurrence of the Nuclear Regulatory 
Commission and the full participation of any State that pays part of the 

·cost, and in consultation, as appropriate, with affected Indian Tribes and 
the Secretary of the Interior. These parties, in their respective roles 
under Section 108, are referred to hereafter as 'the implementing 
agencies.' 

The implementing agencies shall establish methods and procedures to provide 
'reasonable assurance' that the provisions of Subparts A and Bare satis
fied. This should be done primarily through use of analytical models, in 
the case of Subpart A, and for Subpart B through measurements performed 
within the accuracy of currently available types of field and sampling 
procedures. These methods and procedures may be varied to suit conditions 
at specific sites. 11 

Subpart B consists of standards for cleanup of land and buildings. The 
standards applicable to the project are: 

11 Remedial actions shall be cohducted so as to provide reasonable assurartce 
that, as a result of residual radioactive materials from any designated 

-processing site: 

A. the concentration of Radium-226 in land averaged over an area of 100 
square meters shall not exceed the background level by more than --

(1) 5 pCi/g, averaged over the first 15 em of soil below the 
surface, and 

(2) 15 pCi/g, averaged over 15-cm-thick layers of soil more than 
15 em below the surface. 

B. in any occupied or habitable building --

(1) the objective of remedial action shall · b·e, and reasonable 
effort shall be made to achieve, an annual average (or 
equivalent) radon decay product concentration (including 
background) not to exceed 0.02 WL. In any case, the radon 
decay product concentration (including background) shall not 
exceed 0.03 WL, and 

(2) the level of gamma radiation shall not exceed the background 
level by more than 20 microR/h. 11 

C-1 



In addition to the EPA standards for buildings, removable surface alpha 
contamination shall not exceed 1000 dpm/100 cm2 , and the total nonremovable alpha • 
contamination shall not exceed 5000 dpm/100 cm2 • This limit will ensure that 
potential airborne radionuclide concentrations will not exceed 10 CFR Part 20 
Appendix B standards, and that physical contact with the surfaces by occupants 
of the structures will not result in a measurable radiation exposure. 

As indicated earlier, the standards suggest that the implementing agencies 
detenni ne what methods and procedures wi 11 be used to pro vi de 11 reasonab 1 e 
assurance.. that the standards are met. Reasonab 1 e assurance imp 1 i es that a 
site-specific analysis is appropriate where the cost of demonstrating compliance 
with the standards is to be weighed against the health risks or other impacts 
associated with leaving areas that slightly exceed the standards. 

The fo 11 owing sections pro vi de the procedures proposed for use at the 
Monument Valley and Mexican Hat sites. Consideration was given to the time 
required to collect samples and perform the analyses. 
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C.2 BASIS FOR RADIOLOGICAL SURVEY STRATEGY 

The Monument Valley and Mexican Hat sites consist of tailings piles, mill 
and ore storage areas, and areas of windblown contamination. Excavations will 
range from removal of surficial contamination to several feet in depth. Except 
for backfill required to provide an appropriate drainage pattern, backfilling of 
excavated areas will not be needed. For most of the excavated area, residual 
contamination should not exceed 5 picocuries per gram (pCi/g) each of radium-226 
(Ra-226), Ra-228, Th-230, and Th-232 above the naturally present concentration. 
Based on the EPA standards cited above, an area average concentration from 100 
square meters will be used. 

In areas where backfilling to grade is required, uncontaminated fill will 
be used and will minimize the potential health effects due to slight residual 
contamination. In these areas, EPA standards allow 15 pCi/g of residual Ra-226 
if the backfill is at least six inches thick. 

All structures at the Monument Valley site have been demolished and removed 
from the site. All structures at the Mexican Hat site except the sheet metal 
shop and former clinic building have been demolished. The sheet metal shop is 
the only building that will require decontamination and verification 
measurements • 
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C.3 REMEDIAL ACTION RADIOLOGICAL SURVEY PLAN 

Radiological surveys are performed for three purposes: site characteri
zation, excavation control~ and final radiological verification. Site charac
terization surveys, or pre-remedial action surveys, are performed to identify 
volumes of material that exceed the standard. The results are used for planning 
and engineering design. Excavation control monitoring is performed as the work 
is being done to guide and control the amount of contaminated material removed. 
Finally, when excavation control monitoring results indicate that the area meets 
the standards, a final radiological survey is carefully performed and the results 
documented. 

C.3.1 SITE CHARACTERIZATION SURVEYS 

Field sampling programs at the Mexican Hat site conducted by 
Mountain States Research and Deve 1 opment (MSRD) and by Bendix Fie 1 d 
Engineering Corporation (BFEC) have been used to identify the subsurface 
boundary of the tailings pile, as well as the depth and area of the mill 
yard, ore storage, and windblown contaminated areas. Subsurface 
evaluations were performed using gamma well logging techniques and by 
analyzing cores from boreholes. In general, boreholes and surface 
measurements and samples were made on grids ranging from 100 by 100 feet 
to 200 by 300 feet. Additional measurements were performed in areas of 
radiological interest. The grid points have been identified by a land 
survey tied to a state p 1 ane survey point. A 11 recordab 1 e data were 
located by these coordinates. 

Field sampling programs at the Monument Valley site were conducted 
by BFEC. The results have been used to identify the subsurface boundary 
of the tailings pile, as well as the depth and area of contamination of 
the former mi 11 yard, ore storage, evaporation pond, and windblown 
contaminated areas. Subsurface evaluations were performed asing gamma 
well logging techniques and by analyzing cores from boreholes. In 
general, boreholes and surface measurements and samples were made on 
grids ranging from 100 by 100 feet to 200 by 300 feet. Additional 
measurements were performed in areas of radiological interest. The grid 
points have been identified by a 1 and survey tied to a state p 1 ane 
coordinate system. All recordable data were located by these 
coordinates. 

C.3.2 EXCAVATION CONTROL MONITORING 

The purpose of excavation control monitoring is to guide excavation 
through the use of real-~ime radiological measur~ments. It is designed 
to ensure that the 5 pCt/g (surface) and 15 pC1/g (subsurface) Ra-226 
standards are met. In addition, it minimizes the possibility that 
material meeting the standards is also excavated. Properly performed 
excavation control monitoring simultaneously ensures that neither 
under-excavation nor over-excavation occurs • 
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Excavation will be monitored by qualified technicians relying • 
principally on gamma field measurements employing hand-held instruments 
such as gamma-scintillation detectors. This technique will be used only 
where measurements are not seriously impaired by interference from nearby 
tailings deposits. In areas where significant interference exists, 
alternate monitoring techniques will be used. These techniques may 
include use of a shielded probe gamma-scintillation instrument (operated 
in a gross count mode or in a delta mode) or the immediate counting of 
soil samples. In all cases, these techniques will be routinely 
calibrated by comparing the field measurements to soil samples analyzed 
in the laboratory, and reported on a fully equilibrated dry-weight basis. 
Because the standards are based on average areas of 100 square meters 
(m2), the excavation control monitoring will be performed on areas of this 
characteristic size as well. 

Elevated gamma-ray radiation fields will preclude exclusive use of 
in-situ monitoring devices to estimate the surface radionuclide concen
trations in soil on or immediately adjacent to the tailings pile. When 
in-situ measurements cannot be performed, the suggested method for 
ana 1 ys is is to take i ndi vi dua 1 or composite samp 1 es of soil , sea 1 by 
canning, and immediately count the sample by gamma-ray spectrometry. 
Errors associated with this approach will be reduced by taking several 
samples 30 days prior to starting work to determine calibration factors. 
They will be counted later after the Ra-226 daughters reach equilibrium. 
Analyses of these prepared samples can then be compared to standards. 
Several samples will be collected weekly during the remedial action and 
analyzed to provide a measure of the variation of the calibration factor. • 

Additional excavation control procedures may be necessary for 
monitoring of thorium-230 (Th-230). 

C.3.3 BUILDING DECONTAMINATION CONTROL MONITORING 

Only the sheet metal shop will require radiological measurements. 
All of the buildings except the former health clinic and the sheet metal 
shop have been demolished. 

C.3.4 FINAL RADIOLOGICAL VERIFICATION SURVEY FOR LAND 

The final radiological survey will be based on 100-m2 areas, with a 
composite sample used to obtain a measure of the average Ra-226 concen
tration in an area. The radium measurement will be reported on a dry
weight basis. For measurements based on gamma spectrometry of radium 

. daughters, full equilibrium will be assured. It is expected that at 
least preliminary measurement results will be obtained prior to back
filling. 

The average Ra-226 concentration on each 100-m2 area surveyed will 
be determined by a composite sample composed of nine 15-cm-deep samples 
of approximately equal mass taken on a uniform spacing over the survey • 
a rea. Other samp 1 i ng protoco 1 s may be used, if they are shown to 
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characterize the mean concentration adequately and approved in advance by 
the UMTRA Project.Office. 

After the radon barrier has been put on the tailings pile, 
measurements will be made to ensure that the radon emission rate is less 
than 20 pCi/m2s. 

C.3.5 FINAL RADIOLOGICAL VERIFICATION SURVEY FOR BUILDINGS 

The former health clinic has been surveyed and found to be free of 
contamination. The sheet metal shop will require radiological 
verification, including radon monitoring, following decontamination • 
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C.4 DATA AND SAMPLE MANAGEMENT 

During the cleanup operations, the Remedial Action Contractor (RAC) will. 
collect data to support excavation control. Data used in declaring an area 
adequately decontaminated will be documented in a format approved by_ the UMTRA 
Project Office. 

Site characterization survey data, excavation control data, and the final 
radio 1 ogi ca 1 survey data wi 11 be co 11 ected using procedures and ana lyti ca 1 
methods meeting the requirements of the UMTRA Project Quality Assurance Program 
Plan (DOE, 1990). All data used in describing the final radiological condition 
of the site, as well as other data as specified by the UMTRA Project Office, will 
be provided in a convenient format. Data generated in the remedial action will 
be presented in a report documenting the final radiological condition of the 
property • 
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C.5 CERTIFICATION 

Certification is a professional judgment by an independent party that the 
remedial action has been completed according to the site-specific Remedial Action 
Plan and meets the applicable standards. 

During the remedial action operations, the RAC will make data related to 
the cleanup available to appropriate state agencies, Federal agencies, or UMTRA 
Project-designated contractors. In addition, samp 1 es co 11 ected during the 
cleanup operations may be split for analyses by these agencies to allow 
comparison of analytical results. These data, along with any additional data 
collected at the discretion of the certifying agent, will be used in the final 
certification report • 
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0.1 INTRODUCTION 

This appendix assesses the present conditions relative to the inactive 
uranium mill site near Mexican Hat, Utah. It consolidates available engineering, 
radiological, geotechnical, hydrological, meteorological, and other information 
pertinent to the design of the remedial action plan (RAP). The objective of the 
data is to characterize the conditions at the mill and tailings site so that the 
Remedial Action Contractor (RAC) may complete final designs of the remedial 
action. 

For ease in reading, figures and tables are grouped (figures first) at the 
end of each section of this appendix. 

The information contained in this section is based on data collected by the 
Technical Assistance Contractor (TAC). For final design, additional data were 
collected and are presented in Information for Bidders, and Calculations, 
Appendices A and B. 

0.1.1 SITE DESCRIPTION 

D.1.1.1 Location 

The Mexican Hat site is in southeastern Utah at Halchita, 
1.5 miles southwest of Mexican Hat, Utah. The site lies within 
the Navajo Reservation, approximately 50 miles west of Four 
Corners and approximately nine miles north of the Utah-Arizona 
border (Figure D.1.1). The site is located at 37° 07'54" north 
latitude, and 109° 52'30" west longitude. 

D.1.1.2 Physical description 

The designated mill tailings site (Figure D.1.2) consists 
of 235 acres and is 0.5 mile southeast of U.S. Highway 163. The 
site is situated in an arid desert-like environment consisting 
of low rolling hills and steep washes formed by drainage tribu
taries of the San Juan River. The San Juan River, approximately 
one mile from the site, is a perennial stream that drains into 
the Colorado River. 

Prior to Phase I and Phase II remedial activities, the site 
consisted of two tailings piles, several of the original build
ings and structures, and the concrete pad of the former mill 
building. 

The mill yard located on the western portion of the site 
and the ore storage area covered approximately 19 acres. The 
mi 11, severa 1 of the associ a ted bui 1 dings, and much of the 
processing equipment have been removed from the site. The 
former mill office building was used as a health clinic by the 
Utah Navajo Development Council (UNDC) until it closed in 
October 1985 (Clah, 1985). The UNDC is a private non-profit 
organization with offices in Blanding, Utah • 
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Some dikes were constructed around the pi 1 es, but have 
eroded in several locations. Most of the windblown and 
water-eroded material is north and east of the lower pile. 

0.1.1.3 History 

Operations 

In 1957, the Texas-Zinc Minerals Corporation built the mill 
and operated it until 1963. It was then sold to Atlas Corpora
tion, which operated it until it closed in 1965. Approximately 
2.2 million tons of ore were processed with an average grade of 
0. 28 percent urani urn oxide (U308) ·to produce 5700 tons of U308 
concentrate, which was sold to the U.S. Atomic Energy Commission 
(AEC). In addition to the uranium operation, a sulfuric acid 
plant was operated at the site until 1970, after the main plant 
shut down in 1965. 

Process 

• 

Much of the ore processed contained large quantities of 
copper sulfide and other sulfide minerals. Thus, the milling 
process included grinding the ore and treating it by froth 
flotation to recover the copper. The flotation concentrates and 
the tailings were acid-leached separately, with subsequent 
filtration of the flotation concentrates to recover a final • 
copper product. The filtrate was then combined with the main 
circuit-leached slurry obtained from the flotation tailings. A 
five-stage counter-current thickener was used to separate 
leached solids from the pregnant liquor, which then went through 
solvent extraction. The organic solvent was stripped with an 
ammonium nitrate solution. It was then neutralized with 
-magnesi urn hydro xi de to precipitate the fi na 1 urani urn concentrate 
(FBOU, 1981). 

The tailings were piped to the piles after separation in a 
cyclone separator. Coarse sand that settled near the outside of 
the pile was used to build the dikes higher, while fines and 
slimes flowed toward the center of the pile (ORNL, 1982). 

Ownership and leaseholders 

The mill site leased from the Navajo Nation consisted of a 
555-acre tract. When the lease expired in 1970, control of the 
site and all structures and materials on the site reverted to 
the Navajo Nation. 
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D.2 RADIATION DATA 

This section describes the magnitude and characteristics of the radiation 
emitted from the Mexican Hat uranium mill tailings site. Radiological data from 
the vicinity of the Mexican Hat site have been collected by numerous investi
gators since 1961. All have contributed to an understanding of the radiological 
picture of the site; however, each investigator has concentrated on a certain 
aspect of the site contamination, and the results have not been combined to give 
an overall description of the extent of contamination until now. 

The earliest radiological data collection entailed water sampling from the 
nearby San Juan River, when the U.S. Environmental Protection Agency (EPA) con
ducted a 10-year period of sampling (from 1961 to 1972) from the river upstream 
and downstream of the site (EPA, 1973). In May 1968, the EPA conducted a 
sampling effort to measure radiation levels in air, water, and soil in the 
immediate vicinity of the site (Snelling, 1971). This survey was performed about 
three years after operations at the site were discontinued. The external gamma 
exposure rates around the site were further characterized by the EPA in 1974 
(EPA, 1975). Also in 1974, the AEC funded a project to report on the conditions 
at the site (Brown, 1975). 

The first attempt to map the boundaries of the contaminated regions was 
performed by Oak Ridge National Laboratory (ORNL, 1980) and Ford, Bacon & Davis 
Utah Inc. (FBDU, 1981) in March 1976. A broad mapping of the gamma exposure 
rates using aerial radiological survey methods over an area of about eight square 
mi 1 es, i ncl udi ng the site, was performed by EG&G in 1980 (EG&G, 1982). A program 
to specifically sample the tailings piles was conducted by Mountain States 
Research and Development in 1981 (MSRD, 1982). The data collected from that 
program provide the basis for estimates of the subpile contamination. The data 

, collected from that program provide the basis for estimates of the subpile 
contamination. Finally, an extensive survey of the limits of contamination off 

·the pile was performed in 1984 by Bendix Field Engineering Corporation (BFEC, 
1985). Due to the comprehensive nature of this most recent work, the BFEC 
radiological characterization report is in Appendix B, Information for Bidders, 
Volume I. The BFEC data form the primary basis for the current understanding of 
contamination distribution across the site. 

Data from all major sources listed above are presented in this section, as 
well as other data, in an interpretation of the contamination di stri buti on around 
and beneath the Mexican Hat site. This section does not assess the health risks 
from this contamination or recommend a· course of remedi a 1 action. The purpose 
is to present the current understanding of radiological conditions associated 
with the inactive uranium mill tailings site. 

D.2.1 BACKGROUND RADIATION DATA 

The purposes of measuring background radiation near the site are to 
provide a reference point to which levels of contamination on the site 
can be compared and to assess construction impacts on the surrounding 
population and the environment. Measurements of background radiation 
near the Mexican Hat site have resulted in the following determinations. 
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0.2.1.1 Background gamma exposure rates 

The average background external gamma exposure rate at a • 
height of one meter above the surface is approximately 11 
microroentgens per hour (microR/hr). Measurements made in 1968 
resulted in an average background of 30 mi croR/hr; however, 
these values were collected using Geiger tubes at the very lower 
limit of their detection range, and should not be considered 
accurate. Measurements made in 1976 (ORNL, 1980) at the 
locations shown in Figure 0.2.1 resulted in an average 
background gamma exposure rate of 9 microR/hr. Table 0.2.1 
presents the individual measurement values at these locations. 

The aerial gamma exposure survey (EG&G, 1982) indicates 
that the gamma exposure rate drops monotonically from the piles 
down to background levels in the range of 11 to 15 microR/hr . 
. More recent measurements (BFEC, 1985) made at four locations at . 

· distances from 0.5 to six miles from the site ranged from 10.8 
to 12.5 mi~roR/hr, with a mean value of 11.6 microR/hr. These 
measurements were made with a pressurized ionization chamber 
(PIC) and are considered the most representative background 
exposure values collected to date. This is confirmed by noting 
the background values in Table 0.2.1 for the three sites nearest 
the Mexican Hat site (AZ1, AZ6, and UT19), which average 9.7 
microR/hr. 

0.2.1.2 Background radionuclide concentrations in soil 

Background radi onucl ide concentrations in soi 1 samp 1 es 
collected at the same eight locations shown in Figure 0.2.1 are 
presented in Table 0.2.1. There is little, if any, correlation 
between the total activity and the gamma exposure rate. This is 
likely because 1) the spatial distribution of the radionuclides 
is highly variable, and 2) the gamma exposure rate is a 
combination of the spatial average radionuclide activity and the 
cosmic ray flux (which varies with altitude). The average of 
the Ra-226 values is 0.9 picocuries per gram {pCi/g). 

Samples of surface material (zero to six inches) during the 
most recent survey (BFEC, 1985) at four locations near the site 
averaged 1.1 pCi/g Ra-226. The data can be found in Table G-1 
of Addendum 01 •. Consid~ring the different locations from which 
the data were collected, the two sets of background Ra-226 
measurements are considered to be in reasonable agreement with 
each other. For purposes of determining compliance, the soil 
will be remediated to an average background soil concentration 
of 1.1 pCi/g radium-226. 
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D.2.1.3 Background radon concentrations in air 

A quarterly radon monitoring program was conducted from 
August 27, 1985, through September 22, 1986, at the Mexican Hat 
site. This program used film-type radon detectors to measure 
both background and on-pile radon concentrations. The results 
of this monitoring program are presented in Appendix B, Informa
tion for Bidders, Volume II. 

D.2.2 ON-PILE CONTAMINATION 

The description of the on-pile contaminated materia 1 s and the 
calculation of the volume for these materials are given in Appendix A· 
Calculation No. 9-226-03-00, Upper Pile Tailings Excavation-Excavation 
Limits and Quantity Estimate, and Calculation No. 9-239-05-03 (Appen
dix B), Radon Barrier Design-Material properties for Radon Barrier Design 

. of the Final Engineering Design. 

D.2.3~ OFF-PILE CONTAMINATION 
~-

The description of the off-pi 1 e contaminated materia 1 s and the 
calculation of the volume for these materials are given in Appendix A 
Calculation No. 9-226-02-01., Contaminated Material Excavation-Windblown 
and Waterborne Excavation Quantities of the Final Engineering Design . 

D.2.4 OTHER RADIOLOGICAL PARAMETERS 

D.2.4.1 Radionuclide concentrations in air samples 

· Air particulate measurements were first made 1 n 1968 
(Snelling, 1971) at nine locations in and around the Mexican Hat 
site. Continuous 24-hour samples were collected at each loca
tion on 11 consecutive days at a rate of 140 liters per minute. 
Although an 11-day average is significantly shorter than an 
annual average, many short-term fluctuations are smoothed out. 
The filters were ana 1 yzed for gross a 1 ph a content and for 
Ra-226, thorium-230 (Th-230), and natural uranium. Only those 
locations in the ore storage area and on the tailings piles 
showed"levels above background. The most restrictive maximum 
permissible concentration (MPC) is for Th-230 at 8.0 x 10-s 
picocuries per liter (pCi/1). The highest 11-day average Th-230 
value measured was 1.4 x 10-s pCi/1, or 17 percent of the MPC. 
This value was obtained at a location immediately downwind of 
the lower tailings pile. 

More recent measurements (FBDU, 1981) made in 1974 
confirmed the earlier data. All radionuclides except Th-230 
were orders of magnitude below the 10 CFR Part 20 MPC values. 
The concentration of Th-230 in air particulates at a location 
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at the center of the mi 11 yard was measured to be 1.2 X lQ- 5 

pCi/1 (15 percent of the MPC). 

It can be concluded that the Th-230 levels during remedial 
action construction may approach and even exceed the MPC limits . 

. D.2.4.2 Gamma radiation 

The uncovered tailings piles at Mexican Hat produce gamma 
exposure rates in excess of 1500 microR/hr at some points (FBDU, 
1981). The average gamma exposure rate is 380 microR/hr over the 
upper pile and 850 microR/hr over the lower pile. The highest 
gamma exposure rates are associated with the lowest portions of 
both piles where slimes are visible at the surface. The average 
exposure rate measured in the ore storage and mill yard area is 
180 microR/hr. 

The aerial radiological survey (EG&G, 1982) provides the 
most complete overall picture of the gamma fields produced by 
the tailings. Isopleths of gamma exposure rate from the aerial 
survey are presented in Figure D.2.2. This distribution is 
confirmed by the i ndi vi dua 1 point measurements made by FBDU. 
Note the contribution to the fie 1 ds a 1 ong the 1 arge arroyo 
extending to the northeast of the lower tailings pile and the 
drainage along the trench fr~m just north of the mill yard to 
the highway. 

D.2.4.3 Emanating fractions 

The current estimates of the emanating fractions for the 
contaminated materials at Mexican Hat are given in Appendix B, 
Calculation Volume II, No. 9-239-05-03, Radon Barrier Design
Materia 1 ·Properties for Radon Barrier Design of the Fi na 1 
Engineering Design. 

D.2.4.4 Diffusion coefficients 

Calculation No. 9-239-05-02, (Appendix B), Radon Barrier 
Design-Material Properties for Radon Barrier Design of the Final 
Engineering Design, presents the diffusion coefficients for all 
of the contaminated materials at the Mexican Hat site. 

D.2.4.5 Ambient radon concentrations 

The ambient radon concentrations at the Mexican Hat site 
are discussed in Appendix D, Addendum D7, Additional Radiologi
cal Data. 
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Table D.2.1 Background radiation levels and background concentrations 
of radionuclides in surface soil near Mexican Hat, Utah 

External Nuclide concentration 
exposure {pCi/g)c 

Sample Description of sample ratea 
point location (mi croR/hr)b Ra-226 Th-232 U-238 

AZ1 In valley 9.7 kmd south of 9 1.7 0.5 0.5 
tailings 

AZ2 South side of Hwy 64, 10 0.9 1.3 0.5 
approx. 0.6 km west of 
intersection of Hwys 89 and 
64 

AZJ North side of Hwy 89, 5 0.2 0.2 0.1 
~..: 2.4 km east of Glen Canyon 
,;?' Dam (mileage marker 548) '·f;' 

AZ4 South side of Hwy 160, 11 2.0 1.0 0.9 
approx. 0.4 km east of 
intersection of Hwys 160 
and 89 

AZ5 Near rest stop on Hwy 264, 6 0.4 0.4 0.2 
11.4 km east of Tuba City, 
Arizona 

AZ6 South side of Hwy 160, 12 0.4 0.4 0.2 
3.2 km west of Kayenta, 
Arizona 

· UT19 12.9 km south of Mexican 8 0.8 e 0.3 
Hat, northeast corner of 
intersection of Hwy 163 and 
road to Monument Valley 
site 

UT20 East side of Hwy 163, 10 1.1 e 0.4 
4.8 km south of Blanding, 
Utah 
Average 9 0.9 0.6 0.4 

aone meter above the ground. 
bMicroroentgens per hour. 
cPicocuries per gram. 
dKilometers. 
eNo analysis for this nuclide was performed. 

Ref. ORNL, 1980 . 
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D.3 GEOLOGIC CHARACTERISTICS 

D.3.1 INTRODUCTION 

Detailed investigations of geologic, geomorphic, and seismic condi
tions at the Mexican Hat site were conducted to provide a basic site 
ch~racterization and an identification of potential geologic hazards that 
could affect long-term site stability. Subsequent engineering studies 
(e.g., analyses of hydrologic and liquefaction hazards) used the data 
developed in these studies. The geomorphic analysis was employed in the 
design of effective erosion protection. Studies of the regional and 
local seismotectonic setting included a detailed search for possible 
capable faults within a 65.-kilometer (km) radius of the site, and a 
review of historic earthquake data and major studies by previous inves
tigators. These studies provided the basis for estimation of seismic 
design parameters. 

The scope of work performed included the following: 

o Compilation and analysis of previous published and unpublished 
geologic literature and mapping. 

o Review of historical and instrumental seismic data. 

o Review of site-specific UMTRA Project geologic data, including 
logs of exploratory boreholes advanced in the site area. 

o Photogeo logic interpretation of existing LANDSAT and conven-
tional aerial photography. 

o Low-sun-angle (LSA) ·aerial reconnaissance of the site region. 

o Ground reconnaissance and mapping of the site region. 

The characterization includes the regional geo 1 ogy as the first 
phase of the geologic studies. Detailed site geology is then correlated 
to the regional overview, and various hazards are evaluated from the 
results to determine site suitability. These various hazards include the 
following: 

1. Geomorphic hazards, including mitigative measures. The indi
vidual hazards assessed include the following: 

o Channel erosion, aggradation, degradation, avulsion, and 
lateral shifting of fluvial systems. 

o Flooding. 

o Gully erosion and headward migration. 

o Mass movement, including landslides, debris flows, soil 
creep, mud flows, rockfalls, and snow avalanches. 
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o Expansive, collapsing, and dispersive soils. 

o Soil erosion and scarp retreat. 

o Change in erosion from climatic change, or tectonic or other 
change in base level. 

o Ground subsidence, including that from mine collapse, 
dissolution of bedrock layers, and fluid withdrawal. 

o .Wind erosion. 

2. Man-made hazards (i.e., future recovery of economic minerals, 
aggregates, or petrol~um products in the site area). 

3. Volcanic hazards. 

4. Seismic hazards that provide the following initial design 
parameters: 

o Design earthquake and resultant acceleration. 

o On-site fault rupture potential. 

o Potentia 1 for site damage from earthquake-induced s 1 ope 
failures. 

o Hazard to the site from reservoir-induced seismicity. 

This section first presents a regional overview of geologic 
lithology and structures, and a site review including physiography and 
local site geology. A discussion of the mineral resources of the site 
area follows. The seismotectonic setting and geologic hazards analysis 
are presented in subsequent sections. 

This organizational framework allows a presentation of the regional 
lithology and structure and subsequent relation of this to local site 
geology, including site-specific surficial and subsurface data generated 
in previous UMTRA Project studies. Based on these, evaluation is 
accomplished for geomorphic and seismic hazards incorporating data from 
specific studies of these subjects. 

The National Oceanic and Atmospheric Administration (NOAA) listing 
of earthquakes within a 200-km (about 125-mi) radius of the site and a 
tabulation of faults and lineaments in the site region can be found in 
Appendix B, Information for Bidders, Volume I. 

D.3.2 CRITERIA AND DEFINITIONS 

This section presents definitions and criteria used to perform site 
hazard evaluations at UMTRA Project sites. These are presented to 
standardize usage throughout this section, and are pertinent to the 
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seismic hazard evaluation because of the wide range of interpretation or 
usages of ·certain sei smo l ogi cal terms. 

Design life. As specified by the EPA-promulgated standards for 
remedial actions at inactive uranium processing sites (10 CFR Part 192), 

·the controls implemented at the Mexican Hat site are to be effective for 
up to 1000 years, to the extent reasonably achievable, and, in any case, 
for at least 200 years. In the case of assessing seismic hazards, the 
criteria established and the methodologies applied seek to ensure that 
the reclaimed wastes will not be damaged by earthquake ground motions or 
related ground rupture for up to 1000 years. 

Design earthquake. The magnitude of the earthquake that produces 
the largest on-site peak horizontal acceleration is the magnitude of the 
design earthquake. This controlling earthquake could be the floating 
earthquake or an earthquake whose magnitude is derived from a relation
ship between fault rupture and/or fault length and maximum magnitude. 

Capable fault. A capable fault is defined as a fault that has 
- exhibited one or more of the following characteristics: 

o Movement at or near the ground surface at least once within the 
past 35,000 years, or movement of a recurring. nature within the 
past 500,000 years. 

o Macroseismicity instrumentally determined with records of 
sufficient precision to demonstrate a direct relationship with 
the fault. 

o A structural relationship to a capable fault such that movement 
on one fault could be reasonably expected to cause movement on 
the other. 

This definition is essentially the one adopted by the NRC for the 
siting of nuclear power plants (10 CFR Part 100, Appendix A, 1975). 

Acceleration. Acceleration is defined as the mean of the peaks of 
the two horizontal components of an accelerogram record. The exact term 
used is 11 peak horizontal acceleration.•• The design accelerations are 
determined from the constrained attenuation relationship based on dis
tance and magnitude developed by Camp be 11 ( 1981) • The mean plus one 
standard de vi ati on (84th percentile) va 1 ues are adopted. The design 
value is considered a nonamplified peak horizontal acceleration in the 
free field. 

Magnitude and intensity. Magnitude was originally defined by C. F. 
Richter as the base-10 logarithm of amplitude of the largest deflection 
observed on a torsi on seismograph located 100 km from the epicenter. 
This local magnitude value may not be the same as the body-wave and 
surface-wave magnitudes derived from measurements at tel esei smi c dis
tances. Unless specified otherwise, Richter magnitude values will be 
used in the seismic hazard evaluations . 
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Intensity is the index of the effects of an earthquake on the human 
population and man-made structures. The most commonly applied scale is • 
the 1931 Modified Mercalli Intensity Scale, one which will be used in the 
studies. 

Because pre-instrumental earthquakes are reported in intensity and 
more recent instrumental records are in magnitude, there may be a need to 
relate these values. Several equations have been proposed. Unless 
otherwise specified, the relationship developed by Gutenberg and Richter 
(1956) will be applied. This equation is as follows: 

M = 1 + 2/3 Ia 

where M =magnitude in the Richter scale and I0 = Modified Mercalli (MM) 
Intensity in the epicenter area. 

Floating earthquake (FE). An FE is an earthquake within a specified 
seismotectonic province not associated with a known tectonic structure. 
Before assigning the maximum FE magnitude, the earthquake history and 
.tectonic character of the province are analyzed. 

Geomorphic evaluation. The purpose of the geomorphic evaluation of 
the Mexican Hat site is to characterize the current geomorphic conditions 
and to assess the impact of geomorphic processes on the long-term sta
bility of the uranium mill tailings piles. These evaluations are 
restricted to the assessment of natura 1 geomorphic processes and the 
geomorphic effects of past land-use activities, and do not address future 
human activitie$ or potentia] hazards related to site hydrology. 

Schumm and Chorley (1983) have prepared a detailed publication 
presenting a theoretical discussion of geomorphic processes that may 
affect a tailings site. Nelson et al. (1983) present a handbook approach 
to specific methods for site assessment, engineering procedures for 
mitigation, and confidence levels for hazard predictions over periods of 
200, 500, and 1000 years. The methodologies and criteria presented.in 
those publications were used as guides for the geomorphological 
investigations of the Mexican Hat site. 

0.3.3 SCOPE OF WORK 

0.3.3.1 Compilation and analysis of previous geologic work 

. · .. · 

The initial phase of investigation for the site geologic 
characterization consisted of collection and review of all 
available pertinent data. The data include the subjects of 
lithology, stratigraphy, structure, seismicity, geomorphology, 
mineral resources, tectonics, and soils. The ~cquired publi
cations are based on geological, geophysical, seismological, and 
agricultural studies in the site region, and include those 
generated in earlier UMTRA Project studies for the site. 
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D.3.3.2 

. . This compil~tion is b~sed; ·in part, on a GEOREF data search 
yielding an extensive bibliography on various subjects, 
including those pertinent to this study. The size of this 
compilation precludes inclusion as an addendum to this appendix. 
It is available on request from the UMTRA Project Office, 
Albuquerque, New Mexico. 

Published regional and local geologic and topographic maps 
were used as a base to complete this study in those subject 
areas. 

Earthquake data compilation 

For an analysis of seismic hazards to the site, an exten
sive data base of historical seismicity was compiled. This 
includes generation of an updated NOAA search for a 200-km 
(125-mi) radius of the site (NGDC/NOAA, 1985). Seismicity from 
other regional studies of the site region was examined to deter
mine comp 1 eteness of the NOAA search and to inc 1 ude sma 11 er 
magnitude events (microseismicity) that may not be included in 
the NOAA data base. These studies included Kirkham and Rogers 
(1981) for Colorado; Arabasz et al. (1979) for Utah; DuBois 
et al. (1982) for Arizona; and Sanford et al. (1981) for New 
Mexico. · 

·A search was also-conducted for unpublished data on earth
quake events in northern Arizona. The only regional seismic 
monitoring network in northern Arizona is run by the Geology 
Department of Northern Arizona University (NAU) in Flagstaff. 
A summary of earthquake activity from 1980 to 1985 from the NAU 
network (Brumbaugh, 1985) updates the published summary of 
Arizona earthquakes (Dubois et al., 1982, 1981). 

Regional and local seismological studies for other areas 
were also used to determine the FE within the site region and 
the Maximum Earthquakes (ME) for the seismotectonic provinces 
adjoining the site region. This determination allowed for an 
analysis of the effects of earthquakes in the Colorado Plateau 
and adjoining seismotectonic provinces on site seismic design 
parameters. 

D.3.3.3 Site-specific geologic data 

Subsurface geologic data for the Mexican Hat site consist 
of logs of boreholes drilled on and off the tailings pile in 
1980, 1981, 1982, 1984, and 198S {Appendix D, Addendum D4). 

Subsurface site geology and hydrology were investigated and 
described by Fuhriman and Hintze (1976), FBDU (1977), and 
Colorado State University (CSU, 1983a,b). Generalized site 
geo 1 ogy was mapped and described during studies by Sergent, 
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Hauskins, & Beckwith (SHB, 1985a,b) and Fuhriman and Hintze 
(1976). Potential borrow source locations and geology have been • 
investigated (SHB, 1984). A geomorphic hazard study for the 
site area was completed in 1984 (SHB, 1984). 

Detailed site geology has not been mapped at a scale larger 
than 1:125,000. The stratigraphy and lithology of bedrock units 
in the site area have been -compiled from borehole logs and out
crop exposures. All geologic and borehole data were reviewed 
during the initial site data compilation. The site-specific 
geologic data were correlated with regional studies of geology 
and stratigraphy. 

D.3.3.4 Ground reconnaissance and mapping 

Ground reconnaissance and mapping for the Mexican Hat site 
were conducted for this study. Local geology and geomorphic 
hazards were evaluated on the site by the DOE between June 5 and 
8, 1984; and January 6 and 7, 1986. Field notes for ground 
reconnaissance are presented in Addendum D3. 

These studies resulted in an eva 1 uati on of geomorphic 
processes and hazards at the site and an eva 1 uati on of the 
capabj 1 ity of faults in the site region that could affect 
seismic design parameters at the site. 

D.3.3.5 Photogeologic interpretation 

An evaluation of capable faulting from existing remote 
sensing imagery was performed for this study. This evaluation 
included photogeologic interpretation, using the methodology of 
Glass and Slemmons (1978), of 1:250,000 scale color composite 
LANDSAT imagery of the site region and conventional black-and
white and/or color aerial photography for a 65-km (40-mi) radius 
of the site. Scales of this photography varied from 1:18i000 to 
1:24,000. Within the 65-km (40-mi) radius of the site, photo
graphic coverage wa~ complete except for one small, nearly five
by-five-square-mile area just southwest of Mexican Hat, Utah, in 
Townships 42S and 43S of Range 18E. Table D.3.1 is a compila
tion of photo numbers examined and location of the photography. 

The LANDSAT imagery and aerial photography were inspected 
between August 19 and 29, 1985. A Wi 1 de ST -4 mirror stereoscope 
using 3X multiplier lenses was used to examine suspect features. 
Sea 1 e and qua 1 ity of the photography and inspection methods 
utilized gave resolution limits of sharp geomorphic feature~ of 
about 0.33 meter (one foot) minimum height and more subtle 
features of about one meter (3.3 feet) in height. 

• 

The photo interpretation study was combined with fault map 
compilation to enable close examination of mapped faults. In • 
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addition, a search was made for unmapped faults, which were also 
compiled. Transfer was done by visual inspection. 

Low-sun-angle aerial reconnaissance 

Two LSA aerial reconnaissance missions were flown over the 
study area. These missions had two primary objectives: 
1} analysis of the geomorphic expression of mapped faults and 
fault systems for detection of Quaternary age (the last 1.8 
million years} activity, and 2} inspection of the site region 
for unmapped faults or fault systems with possi.ble Quaternary 
age activity. 

The missions were flown in a five-passenger Cessna 206 
. turbocharged single-engine high-wing aircraft. The flights were 

made on the evening of September 4 and the morning of September 
5, 1985, with excellent weather and LSA illumination conditions. 
Missions were flown at altitudes of 500 to 3000 feet above the 
terrain for detection of small geomorphic features. 

Glass and Slemmons (1978} indicate that the most definitive 
indication of active faulting is oversteepened land surfaces 
(fault scarps}. They also indicate that the single most effec
tive method of detecting and delineating fault scarps is to 
~conduct aerial reconnaissance and remote sensing using low solar 
irradiation angles to produce shadows or highlights on scarps • 
Sl emmons (1977} indicates that the use of LSA methods can 
greatly aid in delineating very subtle geomorphic features 
associated with active faulting. 

The natural degradation of fault scarps in unconsolidated 
material ·Has been described by Wallace (1977} and Bucknam and 
Anderson (1978}, and occurs as a result of mass wasting and 
erosional processes. This slowly reduces the slope angle of the 
scarp over a period of severa 1 hundreds of years to a few 
million years. These scarp degradation studies, performed in 
the Basin and Range physiographic and structural province, are 
believed to be applicable to the site region because of similar 

·erosional processes and climate. They indicate that any major 
surface faulting of Late Quaternary age (the last 500,000 years} 
should be readily detectable using LSA methods of observation. 

LSA methodology has been discussed by Slemmons (1969, 
1977}, Clark (1971}, Cluff and Slemmons (1972}, and Glass and 
Slemmons (1978}. They indicate that LSA aerial reconnaissance 
in areas of low to moderate terrain is best conducted when the 
sun is between so and 25° above the horizon. These sun 
illumination angles occur in the approximate 2.5-hour time 
interval beginning 0.5 hour after sunrise or ending about 0.5 
hour before sunset. Glass and Slemmons (1978} recommend a 
"multi" approach (i.e., using multiple observers, multiple times 
of day (morning and evening}, and multiple season missions}. 
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Missions flown for this study included multiple observers • 
and multiple times of day. Multi-season observations are not 
necessary in the site region, as vegetation differences with 
respect to seasons are negligible. 

During the LSA aerial reconnaissance missions, all known 
faults within 15 km (9.3 miles) of the site were inspected and 
an intense low-altitude search for undetected faults within 
10 km (6.2 mi) of the site was made. All faults of over a few 
miles in length within a 65-km (40-mile) radius of the site and 
any topographic structures that could result from faulting were 
inspected. All regional structures that could be capable of 
large or great earthquakes within 200 km of the site were also 
examined. 

D.3.4 REGIONAL CONDITIONS 

D.3.4.1 Physiographic setting 

The Mexican Hat site is on the northern boundary of the 
Navajo Uplands section of the Col ora do Plateau physiographic 
province (Hunt, 1967) (Figure D.3.1). The site is about 1.5 km 
(0.9 mile) south of the San Juan River, the border of the Navajo 
Uplands section, with the Canyonlands section to the north. 
This part of the Navajo Uplands section is characterized by 
1) extensive areas of gently dipping sedimentary rocks deformed • 

. :by warping; 2) aridity and shortage of water; 3) large areas of 
bedrock overlain by thin surficial deposits; and 4) sparse vege-
tation and population (Figure D.3.2). 

Drainages in the tailings site drain to the northeast~ to 
Gypsum Creek, and then northward into the San Juan River. The 
site elevation is about 1305 m (4280 ft), and topography varies 
in elevation from about 1250 m (4100 ft) at the San Juan River 
to over 1705 m (5600 ft) in the Raplee anticline structure to 
the east. 

0.3.4.2 Regional geology 

Exposed consolidated strata in the Mexican Hat area range 
in age from Pennsylvanian to Permian. The o 1 dest formation 
exposed is the Hermosa Group of Pennsylvanian age, which crops 
out along the canyon of the San Juan River and, immediately west 
of the sit~. crops out along U.S. Highway 163, southwest of the 
town of Mexican Hat, Utah. Unconformably overlying the Hermosa 
Group is the Cutler Group of Permian age, which crops out east 
of U.S. Highway 163, underlies the site, and extends eastward to 
the westerly dipping beds. of Raplee Ridge, east-southeast of the 
town of Mexican Hat, Utah (Figure D.3.3). 
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Rock strata older than ·the Hermosa Group are not exposed in 
the area of the tailings site. A few wells drilled for oil and 
gas adjacent to the site area have penetrated the entire 

. Pennsylvanian and into the underlying Paleozoic section. These 
wells show that below the Hermosa Group is a sequence of rocks 
from 1450 to 1650 feet thick that includes rocks of Cambrian, 
Devonian, Mississippian, and Pennsylvanian age. So far as is 
known, none of the wells have penetrated rocks of the Ordovician 
or Silurian systems (O'Sullivan, 1965). 

The Hermosa Group is subdivided into three formations. The 
lowest formation is the Pinkerton Trail and does not crop out in 
the San Juan Canyons. Overlying the Pinkerton Trail is the 
Paradox Formation, which is exposed in canyons along the San 
Juan River northeast of Mexican Hat, Utah. The upper formation 
is the Honaker Trail, which crops out throughout the Mexican Hat 
area along the canyon walls of the San Juan River. 

The Hermosa Group consists dominant 1 y of fine- to very 
fine-grained crystalline gray limestone. Interbedded with the 
limestone are minor amounts of gray, greenish-gray, and purple 
shale and siltstone. The shale and siltstone are in beds as 
much as two feet thick and commonly form slopes between lime
stone ledges. A few light-colored, very fine-grained sandstone 
beds are also in the Hermosa Group (O'Sullivan, 1965). 

The 1 ower two formations of the Hermosa Group will not be 
.discussed herein, as their stratigraphic and sedimentological 
significance to the site are insignificant. The Honaker Trail 
Formation consists of interbedded siltstones, limestones, 
sha 1 es, and sandstones. The thick siltstone units are pre
vailingly reddish brown. Locally, thin, less than 1.5-foo~ 
lenticular beds or irregular masses of reddish-brown and gray 
limestone are present. Chert and limestone nodules are found in 
thin beds in a siltstone matrix or scattered throughout the 
siltstone units. The siltstone units are commonly evenly 
bedded, but small-scale crossbedding is locally present 
(O'Sullivan, 1965). The limestone units are predominantly fine
to very fine-grained, crystalline, fossiliferous, and gray. The 
sandstone is generally very fine- to fine-grained, exhibiting 
parallel bedding with some small-scale, low-angle crossbeds 
present 1 oca l1y. These strata were deposited in a marine 
environment of a very shallow sea. 

· Disconformably overlying the Pennsylvanian-age Honaker 
Trail Formation is the basal formation of the Permian-age Cutler 
Group. This disconformity has been recognized only recently 
(Wengerd, 1973). Regionally, past U.S. Geological Survey (USGS) 
reports recognized the "Rico Formation" as a transitional 
formation between the marine rocks of Pennsylvanian age below, 
grading into non-marine redbeds of Permian age above. The 
existence of regional unconformity indicates that there are no 
transitional beds between Pennsylvanian and Permian age strata, 
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and therefore the Rico Formation does not exist in the Mexican 
Hat area. Wengerd (1973) includes all of the marine strata to 
the top of the Pennsylvanian sequence as Honaker Trai 1 Formation • 
(Baars, 1973). 

The Halgaito Shale or Halgaito Tongue is the basal forma
tion of the Cutler Group. It consists of an interbedded 
sequence of very fine-grained silty sandstone and siltstone beds 
that are characteristically reddish brown. At places, the beds 
are micaceous and mottled very pa 1 e green or greenish gray. 
Calcareous, well-cemented beds alternate with softer beds to 
form ledges, slopes, and benches. Thin, lenticular, unfos
siliferous beds of light-gray limestone are widely dispersed 
throughout the sequence. Beds of conglomerate occur at di f
ferent levels within the Halgaito. The conglomerate consists of 
subrounded pebbles of siltstone and limestone generally in a 
silty matrix. Locally, beds of very fine- to fine-grained 
sandstone showing irregular bedding are present (o•sullivan, 
1965). It is probable that the Halgaito is composed mainly of 
continental lowland deposits that include stream channel and 
point bar deposits, floodplain deposits, and tidal flat 
accumulations. The Halgaito Formation is the bedrock unit that 
directly underlies the tailings site and surrounding area 
primarily east of U.S. Highway 163 and along Monument and Gypsum 
Creeks. The contact between the Halgaito Formation and the 
underlying Hermosa Group-Honaker Trail Formation is the top of 
the highest fossiliferous limestone bed of the Honaker Trail 
Formation. 

Conformably overlying the Halgaito Formation is the Cedar 
Mesa Sandstone Member of the Cut 1 er Group. The Cedar Mesa 
Sandstone Member consists of two totally different facies: a 
sandstone facies present only in the area near Cedar Mesa, 
northwest of the site; and a gypsiferous facies present south of 
the San Juan River and east of Gypsum Creek. (The sandstone 
facies will not be described herein, as it is present only along 
Cedar Mesa and in remnants capping erosional features near 
Mexican Hat, Utah.) The gypsiferous facies consist dominantly 
of siltstone and shale and subordinate amounts of sandstone, 
gypsum, and limestone. The member is soft and weathers to a 
series of mounds and gentle slopes, although locally a resistant 
1 e<4Je may form a minor hogback. The deposition a 1 environment of 
the gypsiferous facies of the Cedar Mesa Sandstone was probably 
in a near-shore, 1 itt ora 1 to sub 1 itt ora 1 environment 
(o•sullivan, 1965). 

Rock units stratigraphically above the Cedar Mesa Sandstone 
Member crop out farther east of the site a 1 ong Comb Ridge. 
These formations include the Organ Rock and DeChelly Sandstone 
Members of the Cutler Group, Triassic-age Moenkopi and Chinle 
Formations and Wingate Sandstone, Triassic-Jurassic-age Kayenta 
Formation and Navajo Sandstone, Jurassic Carmel Formation, 
Entrada Sandstone, Summerville Formation, Bluff Sandstone, and 
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Morrison Formation. These· strata crop out some distance away 
from the site. They are of no significance to the geologic 
setting underlying the site, and therefore are not described 
herein. 

Sparse volcanic rock in the site area consists of Pliocene
age explosive breccias and intrusive dikes with associated small 
stocks. Surficial deposits consist of eolian sand occurring as 
unconsolidated dunes in low-lying areas. Minor terrace gravels 
of the San Juan River occur about 1.9 km (1.2 miles) north of 
the site, at the town of Mexican Hat, Utah. 

Regional structure 

The Mexican Hat site is in the central portion of the Colo
rado Plateau, a stable intracontinental subplate characterized 
by a thick cover of relatively flat-lying sedimentary rock of 
Phanerozoic age overlying a complex Precambrian igneous and 
metamorphic core. The central, stable portion of the plateau 
exhibits characteristics of cratonic areas, while the margins of 
the subplate exhibit crustal structure similar to more highly 
active bordering provinces. The p 1 ateau is bordered on the 
east, south, and west by the extensional, block-faulted regime 
of the Rio Grande Rift and Basin and Range Provinces. 

The principal present-day structural elements of the 
Colorado Plateau are as follows (Hunt, 1967) (see Figure D.3.2): 

· o Broad west- and northwest-trending basins such as the 
Uinta, San Juan, and Navajo Basins. 

o Clusters of up 1 i fts that 1 i e between these broad basins, 
including the Monument, San Rafael Swell, Circle Cliffs, 
Kaibab, Defiance, and Zuni Uplifts. 

o Northwest-trending anticlines and faults of east-centra 1 
Utah and southwestern Colorado, underlain by thick salt 
deposits. 

o Northward-trending fault blocks of the high plateaus in 
Utah and Arizona. These features represent a zone of 
transition between the Colorado Plateau and Basin and 
Range Provinces. 

o Domes and other folds related to laccolithic intrusions, 
most of which are in the central part of the plateau. 

The modern day structural elements of the plateau are 
principally the result of Cenozoic deformation, but follow, at 
least in part, the trends of older features. Structures in the 
Precambrian basement have undoubtedly influenced the later 
tectonic history of the plateau. However, relatively little is 
known of the Precambrian structure. Precambrian rocks are 
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exposed only in the Uncompahgre Uplift, Grand Canyon, Zuni 
Mountains, and Defiance Uplift (Hunt, 1967). These rocks 
consist of a complex series of metasedimentary and metavolcanic ~ 
rocks cut by a series of 1 arge intrusions. During much of 
Paleozoic and Mesozoic time, the plateau region was occupied by 
a stable continental shelf area. From the Late Mississippian to 
Permian time, the 11 Ancestral Rockies .. disturbance affected parts 
of the eastern plateau and the Rocky Mountain region farther 
east. The Uncompahgre Uplift rose during this time, while the 
Paradox Basin received large volumes of Pennsylvanian and 
Permian redbeds and evaporite deposits (Cater, 1966, 1970). The 
Zuni Mountains and Defiance Upwarps probably were also uplifted 
at this time (Hunt, 1967). The Late Cretaceous-Eocene Laramide 
orogeny produced a series of monoclines and fault-bounded 
uplifts and .basins within the plateau. From the end of the 
Eocene until Miocene or Pliocene time, the plateau was under-

_goi ng · erosion by the ancestra 1 Co 1 orado River. Si nee Late 
Tertiary time, the plateau has been experiencing gradual uplift 
at an average rate of about two millimeters per year (mm/year) 
(Gable and Hatton, 1980). This uplift is regional in character 
and produces relatively little internal deformation. 

The Mexican Hat site 1 i es on the eastern edge of the 
Monument Up 1 i ft (Monument Upwarp of 0' Sullivan and Bei kman, 
1963) (Figure D.3.4). South and east of the Monument Uplift is 
the Tyende Saddle (O'Sullivan and Beikman, 1963), separated from 
the uplift by the Comb Ridge Monocline, a major monocline of the 
Colorado Plateau (Kelley, 1955), with a length of about 153 km 

.. (95 miles). Stratigraphic units are displaced a maximum of 914 
meters (m) (3000 ft) at a maximum dip angle of 45° across the 
Comb Ridge Monocline (Kelley, 1955). 

Overprinted on these major subprovinces defined by folded 
uplifts are smaller amplitude and more gently folded features. 
Within the Monument Uplift and west of the Mexican Hat site 
about 13 km (eight miles) is the Halgaito anticline, a north
south trending, doubly plunging structure about 16 km (10 miles) 
in length and 150m (500ft) in amplitude. Another structure of 
equivalent length but over 300 m (1000 ft) in amplitude, the 
Raplee anticline, is about 4.8 km (three miles) east of the 
site. 

The major structural feature of the area is the Monument 
Upwarp, a broad north-south trending uplift abou~ 35 miles wide 
and 100 miles long that extends from Kayenta, Arizona, to near 
the junction of the Colorado and Green Rivers in Utah. Smaller 
anticlines and synclines with north-south to northeast-southwest 
trends are superimposed on the major structure. The upwarp is 
asymmetrical, with a steeply dipping east limb and a gently 
dipping west limb. Comb Ridge, which marks the eastern flank of 
the uplift, lies about eight miles east of the site. 
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, ... Faulting is'rare in the·M'exican Hat area. The few faults 
that have been mapped have offsets ranging from only a few 
inches to a few feet. None are mapped as offsetting strata of 
Quaternary age. The dominant geologic structural features 
probably formed during the Early Tertiary. Minimal tectonic 
activity has occurred in the region since at least the end of 
Eocene time. The ages of the last episodes of volcanic 
intrusion are not known, but most studies of the area conclude 
that the latest volcanic activity occurred during the Pliocene 
(e.g., Williams, 1936, as quoted by O'Sullivan, 1965). 

West of the site, highlands are formed by a doubly 
plunging, gently folded anticlinal structure, the Halgaito 
anticline. To the east, highlands are formed by the moderately 
dipping limbs of the Raplee anticline. The Mexican Hat syncline 
occupies the area between the two anticlines. 

0.3.4.4 Regional geomorphology 

Hunt (1967) subdivided the Colorado Plateau physiographic 
province into physiographi<; units (see Figure 0.3.1). The 
Mexican Hat site lies on the northern border of the Navajo 
Uplands section adjacent to the Canyonlands section, north of 
the San Juan River. Essentially, the Navajo Uplands section is 
a large depression enclosing Black Mesa and the San Juan Basin. 
The so-called "valley" of Monument Valley is the eroded broad 
summit area of the Monument Upwarp, . a major feature that 
continues northward into Utah and the Canyonlands physiographic 
section. Erosion has cut bel ow the Mesozoic rocks of the 
Monument Upwarp into the continental Permian redbeds and 
sandstones. In the site region, on the east edge of the 
Monument Upwarp, erosion has generally reached the lower members 
of the Cutler Group or the underlying Hermosa Limestone. 

The site lies in northeast-trending channel tributaries to 
Gypsum Creek, an ephemeral stream that drains northward into the 
San Juan River. Gypsum Creek has eroded to the Halgaito Tongue 
of the Cutler Group or the underlying limestone of the Hermosa 
Group, but the channels at the site and the site itself lie in 
the Halgaito Tongue of the Cutler Group. Erosion of the Hal
gaito Tongue forms a dendritic drainage pattern with very minor 
surface cover, except eolian sand dunes in low-lying areas. 

Arroyos are formed generally in bedrock from infrequent 
periods of runoff, and channel incision is a very slow process 
in the site region. Gullying and headward erosion proceed 
slowly in channels cut into sandstone bedrock. Well developed 
gullies and more rapid erosion occur in channels incised into 
weakly cemented silty sandstone and deposits of alluvial and 
eolian materials. Alluvial-colluvial cover is generally thin 
and soils are poorly developed . 
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The geomorphic features of the Colorado Plateau region of 
southeast Utah reflect mainly the processes of erosional denuda
tion throughout the Cenozoic. The general geomorphic processes 
described herein are those characteristic to the physiographic 
subdivision of the plateau closest to the Mexican Hat tailings 
site--the eastern Navajo Uplands, and the eastern Monument 
Valley. Although the development of.the ancestral and present 
Co 1 orado River systems has been the subject of region a 1 and 
local studies since the late 1800s, little has been published on 
the region a 1 geomorphic deve 1 opment of the Co 1 orado Plateau 
region of northern Arizona and southea~tern Utah. Landform 
development during the Cenozoic Era has been influenced by the 
bedrock 1 itho 1 ogy, vo 1 cani c and tectonic processes, fl uvi a 1 
drainage system changes, and eolian erosion. Poorly developed 
soils and sparse vegetation have been attributed to the rates of 
differential erosion of the weakly- to moderately-resistant 
sedimentary formations (Stokes, 1973). Likewise, the tectonic 
history is known only in a general sense. Uplift of over one 
mile above mean sea level has occurred since the Cretaceous, but 
the rate and timing of uplift is not fully known. The history 
of climatic changes in the Colorado Plateau and Grand Canyon 
regions is now understood in some detail, but the effects of 
different climates on geomorphic processes are not well known. 

The eastern part of the Navajo Uplands section curves to 
the east of the Mexican Hat site and lies between the Monument 
Valley section to the north and the Black Mesa section to the 
south. The southern inner border is the base of the s 1 ope 
leading to Black Mesa. Bedrock of the Navajo Uplands east of 
Mexican Hat consists of sandstones and mudstones of the Glen 
Canyon Group, the San Rafa~l Group, and the Morrison Formation, 
in ascending order. The Navajo Sandstone of the Glen Canyon 
Group is the most widespread and conspicuous component (Stokes, 
1973). Much of the area is mantled by thin deposits of sand or 
sandy soils. Elevations range from about 1525 to 1780 m {5000 
to 5835 ft). Weathering and erosion have produced a combination 
of mesas and 11 Sl i ckrock11 surfaces cut by deep gorges eroded 
below the general level of the terraced surfaces. Drainage is 
rna in 1 y to the north to the San Juan River, but the sandy 
regolith results in many areas of no surface runoff. 

West of the Mexican Hat site lies the Monument Valley 
subdivision of the Navajo country. The.landforms of Monument 
Valley are developed on the Cedar Mesa Sandstone of the Cutler 
Group. The region is a nearly featureless, stripped surface 
with mesas, buttes, and spires rising·abruptly from the flat 
plain (Barnes, 1984). Lower slopes of the buttes are formed on 
the Organ Rock Shale, the vertical cliffs consist of the 
DeChelly Sandstone, and the resistant caprocks are tan sand
stones of the Shinarump Member of the Chinle Formation. The 
11 valley11 of Monument Valley is actually formed in the broad 
summit area of the Monument Upwarp, a major feature that 
continues northward into east-central Utah. Stream incision 
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into the broadlj:f&lded~ 1o~ ~~ch eroded the soft Organ Rock 
Shale, leaving the mesas protected by thick caprocks of fluvial 
sandstones and gravels of the Shinarump Member (Barnes, 1984). 
Some mesas stand more than 260 m (853 ft) above the valley 
floors of about 1435 m (4700 ft). Surface drainage is mainly to 
the north in deeply incised tributaries to the San Juan River. 

Northeast of Mexican Hat, Cedar Mesa and the Grand Gulch 
Plateau are developed on Pennsylvanian and Permian age lime
stones, sandstones, and siltstones of the Hermosa and Cutler 
Groups. This region consists of extensive, flat, stripped 
surfaces cut by narrow, deep gorges trending eastward toward 
Comb Wash and southward toward the San Juan River. Thin sur
fi cia 1 deposits of eo 1 ian sand and a 11 uvi a 1 sand and grave 1 
occur sporadically on the plateau surface. The plateau termi
nates to the east at the Comb Ridge Monocline (Haynes et al., 
1972). Elevations range from about 1515 m (5000 ft) near·the 
San Juan River to about 1983 m (6500 ft) on upper plateaus. 

Erosional processes throughout the interior Colorado 
Plateau are related to the development of the Colorado River, 
Little Colorado River, and San Juan River systems since Miocene 
times (Lucchitta, 1984). Prior to Arizona Basin and Range 
faulting, the Little Colorado River and streams in central 
Arizona drained to the north toward Utah. Basin and Range 
faulting and opening of the Gulf of California Rift about five 
million years ago resulted in stream capture of the ancestral 
Colorado River system in Colorado and Arizona, downcutting into 
the sedimentary rocks of the Colorado Plateau, and development 
of the present drainage system. The major period of the Grand 
Canyon development appears to have occurred between one and six 
million years ago. Development of canyons and river downcutting 
have continued throughout the period of plateau uplift, and will 
slowly reduce the plateau region to a smooth, subdued landscape. 
Processes of canyon head erosion and cliff retreat in rock units 
of varying erosional resistance will continue to produce the 
mesa and butte topography currently observable in the Monument 
Va 11 ey area. 

Wind activity has been a major factor in the development of 
the 1 andscape of northeastern Arizona and southeastern Utah .. 
Eolian deposits of Pliocene age indicate wind directions similar 
to tho·se at present. Longi tudi na 1 dunes of Pleistocene and 
Holocene age also indicate a prevailing southwest wind direc
tion. Vast areas of the Colorado Plateau are covered with dunes 
and thin sand sheets. Eolian erosion continues to be an 
important factor in the denudation of the flat plateau surfaces •. 

An increase in the magnitude and rate of stream arroyo 
development has been observed in the semiarid southwest during 
the past 100 years. Studies of gully erosion in sediment-filled 
valleys in New Mexico, Arizona, and Colorado indicate an 
increased rate of gully development beginning in the mid- to 

0-27 



late-1800s. The cause has been attributed to either livestock 
overgrazing or short-term climatic change. Gully erosion seems • 
to be less intense on the plateaus·and valleys of the Colorado 
Plateau interior. The shallow valley fills and thin sandy soils 
appear to have been major factors preventing the rapid 
development and growth of arroyos. 

D.3.4.5 Rates of denudation 

In reference to the possible influence of the long-term 
erosional process upon reclamation design, a discussion of the 
rates of denudation and neotectonics of the Colorado Plateau is 
provided below. 

The rates of denudation are the rates at which a 1 and 
surface is being lowered as a result of erosional processes. 
These rates vary with climate and the amount of precipitation. 
As reported by Schumm (1963}, it is obvious that no surface is 
lowered in a uniform manner; however, rates have been estimated, 
generally for a period of 1000 years. 

Denudation rates for drainage basins of about 1500 square 
miles are 0.29 foot per 1000 years from gauging station data, 
and 0.51 from reservoir data with an effective precipitation 
(amount required to produce a known amount of runoff} of 10 
inches (Langbein and Schumm, 1958}. In another publication, 
Schumm (1963} concludes that an average rate of denudation for 
a 1500-square-mile area is about 0.25 foot per 1000 years. For 
a small drainage basin in southwestern Utah, Eardley (1966} 
determined a rate of 2.75 feet per 1000 years. 

In 1948 and 1949, a comprehensive survey was made of the 
sedimentation in Lake Mead as the result of construction of 
Hoover Dam. For 1935 and 1948, the average rate of sedimenta
tion was estimated at 140 million tons for the Colorado River 
(Gould, 1960}. The mean specific weight for the sediments was 
64.6 pounds per cubic foot. The drainage basin for the Colorado 
River above Lake Mead is about 168,000 square miles. In addi
tion, it is assumed that the specific weight of the uneroded 
soils is 90 pounds per cubic foot. Using these figures, the 
rate of denudation for the Colorado River drainage basin for the 
period 1935. through 1948 i~ 0.93 foot per 1000 years. 

Thomas (1960} prepared a map showing source areas as 
inferred from surface geology of the drainage area upstream from 
Lake Mead. This map indicates that the Mexican Hat site is in 
an area that produces sandy sediments. The amount of sediments 
produced from a unit area in these sediments would probably be 
less than the amount produced from areas of silt and clay. 

The rates of denudation that have been determined are from 

• 

large dra.inage areas. For smaller drainage areas, the • 
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variability in·rates is apparent~ In the case of this site, an 
extremely small area, the importance of a rate of denudation 
needs to be put in perspective in relation to the site geology. 

Wind is the dominant factor acting on. the surficial 
geology. Undoubtedly over· a period of 1000 years, sediment 
would be removed by runoff, but this would not be as important 
as that removed by wind. 

As an example of localized variation, Moenkopi Wash near 
Tuba City has cut down about 300 feet since the formation of the 
early Wapatki and Black Point surfaces. Damon et al. {1974) 
indicate that the rate of denudation in the Little Colorado 
River since the time of these surfaces is about 3.15 feet per 
1000 years. Although the Moenkopi Wash has been dissected, the 
surfaces remain and are easily identifiable. Thus, Moenkopi 
Wash indicates a large rate of denudation, whereas the above
mentioned surfaces have not been subjected to such high rates. 

: D.3.4.6 Climate and vegetation 

. ~~~ 
_,, 

D.3.4.7 

Details of site meteorology are presented in Section D.9. 
Rainfall in the site region is generally less than 20.3 centi
meters (em), or eight inches, and maximum daily temperatures in 
July and August exceed 100°F ·(USGS, 1970; Hicks, 1969). This 
climate directly affects vegetation, leading to sparse cover. 
The vegetation type is controlled by topography, with a grass
shrub zone occurring below 1675 m (5500 ft), pinon-juniper 
between 1675 m (5500 ft) and 2285 m (5500 ft), and pine forest 
above 2285 m (7500 ft) in elevation (Hicks, 1969). The Mexican 
Hat site, at an approximate elevation of 1305 m (4280 ft), is in 
the grass~shrub zone dominated by isolated stands of grass and 
sparse growth of shrubs, principally greasewood and sagebrush. 

Wind direction determined from modern sand dune morphology 
is predominantly from the southwest. Paleoclimate studies of 
the Chuska Sandstone indicate a predominant regional wind 
direction from the southwest during the Pliocene (Hicks, 1969). 

Long-term climate variation 

Major climatic changes during the next 1000 years in the 
Mexican Hat area will probably be of lesser magnitude than the 
climatic shift following the last full glacial period in the 
southwestern United States. This period ended in Arizona about 
10,000 years ago. Paleoclimatic reconstructions for the last 
full glacial period differ in interpretation of precipitation 
and temperature in comparison with the present. Most interpre
tations of this period propose a climate characterized by 
increased precipitation, cooler summer temperatures, and milder 

·winters for the desert areas (Spaulding et al., 1983). Other 
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paleoclimatic data suggest a period of precipitation amounts 
similar to today•s, but with much colder summers and winters 
(Brackenridge, 1978). Studies in Canyon de Chelly, Arizona • 
(Betancourt and Davis, 1984), and in the Chaco Canyon region of 
New Mexico (Betancourt et al., 1983; Hall, 1977) indicate a late 
glacial climate for the Colorado Plateau characterized by cooler 
summers and more abundant rainfall concentrated in the winter 
months. Paleoecological reconstructions based on evidence from 
the eastern Grand Canyon and the Mogo 11 on Rim regions a 1 so 
indicate glacial climatic conditions cooler and probably moister 
than at present. Upper e 1 evati on p 1 ateaus north of 1 atitude 
36°N probab 1 y experienced severe winters. Pa 1 eo hydro 1 ogi c recon
structions of the·Colorado Plateau region suggest an increase of 
total annual precipitation of 18 to 25 em (seven to 10 in) 
(Spaulding et al., 1983). Analysis of periglacial features in 
the San Francisco Peaks and the White Mountains of Arizona 
indicate mean annual mountain temperatures soc to 6°C (9°F to 
11°F) lower than today•s (~ewe et al., 1984). Colorado Plateau 
temperatures were probably lowered by about the same amount. 

Although no paleoclimatic studies are available for the 
local Mexican Hat area, a generalized late glacial climatic 
reconstruction can be made for the Colorado Plateau interior. 
Based on an increase in total annual precipitation of 18 em to 
25 em (seven to 10 in), the full glacial annual precipitation 
may have been as great as 33.5 em to 40.5 em (13 to 16 in). 
Using an average lowering of 5.5°C (10°F), the average annual 
temperature about 10,000 _years ago was about 7 .soc (45°F) . 

-Summer temperatures were probably much lower than today•s, while 
winter temperatures were only slightly lower (Spaulding et al., 
1983). Annual evaporation rates for soil moisture may have been 
10 to 50 percent 1 ess than current rates. The magnitude of 
climatic change differs throughout the southwest however, 
depending on geographic location, site elevation, and local 
topography. 

The record of climatic variation during the past 10,000 
years (Holocene) in the northwestern New Mexico region of the 
Colorado Plateau has been inferred from soil and alluvial 
stratigraphy and pa 1 eoeco 1 ogi ca 1 evidence. In Chaco Canyon, 
.botanical evidence supports increasing annual temperatures and 
summer monsoon patterns by about 8300 years before the present 
(BP) (Betancourt et al., 1983). Holocene warming in the White 
Mountains of Arizona commenced about 10,000 years BP (Pewe 
et al., 1984). Decreasing effective precipitation and warmer 
temperatures allowed desert grasslands to replace conifer 
woodlands by about 8000 years BP (Baker, 1983). A major period 
of i nci si on of a 11 uvi a 1 fills in the Chaco Canyon a·rea from 
about 8000 to 7000 years BP implies increased water runoff and 
possible large flood events during summer monsoons (Hall, 1977). 
Widespread regional erosion suggests a change from cool, moist 
conditions to warm, moist conditions (Knox, 1983). An increase 
in aridity in northwestern New Mexico from about 7000 to 2400 
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years BP correlates with .. the establishment of the present-day 
desert vegetation in the southwest. Throughout the southwest, 
the intensity of alluviation lessened from about 3000 to 2000 
years BP, indicating a slight increase in precipitation. 
Slightly more· arid conditions existed from about 2000 to 850 
years BP, followed by increased rainfall until about 650 years 
BP (Lowe, 1980). A period of fairly stable climatic conditions 
similar to those of today•s existed until the onset of the late 
19th century channel trenching. 

In northeastern Arizona, the end of the Pleistocene was 
characterized by the disappearance of mountain glaciers and a 
climatic period similar to today•s. This was followed by a 
short period of warmer, drier conditions during the early 
Holocene (Pewe et al., 1984). This in turn was followed by a 

.. cool, wet time during which small mountain glaciers formed in 
the White Mountains. A drier and warmer climate followed, 
continuing to the present time. 

An increase in the rate and magnitude of gully erosion 
began in the mid- to late-19th century throughout the southwest. 
The initiation of erosion is thought to be a result of either 
livestock overgrazing or short-term climatic change. Previous 
work on the causes of increased gullying is summarized by Euler 
et al. (1979}. Along the Rio Puerco, east of Grants, New 
Mexico, gullying apparently began in the 1840s. In other areas 
of the southwest, gullying began in the late 1880s. Most 

~-investigators agree that a brief period of decreased moisture 
preceded gully erosion and that overgrazing initiated gully 
formation. Gullying may have developed later in response to 
drought without overgrazing. 

Climatic variation within the last 1000 years in Arizona 
has probably been significantly less than the glacial-postgla
cial change. Interpretations of Colorado Plateau climatic 
conditions from tree ring studies (Stockton and Jacoby, 1976) 
and historical records show a high degree of variability in 
precipitation during the past few hundred years. ·Average ranges 
of temperature and precipitation for the past few hundred years 
and for the future few hundred to a.thousand years probably are 
similar to the. ra_nge of historical records, although it is 

·recognized that extreme events beyond the range of recorded 
variability probably occurred in the past and can be expected to 
occur within the next thousand years. Extreme precipitation 
events may produce rapid surface-water runoff, localized 
flooding, and increased channel erosion and deposition. 

0.3.5 SITE GEOLOGY 

The Mexican Hat site lies in northeast-trending tributaries along 
the western flank of Gypsum Creek, a north-trending drainage that joins 
the San Juan River (Figure 0.3.5}. The bedrock at the site consists of 
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gently dipping rocks of the Halgaito Shale Formation, lowermost member of • 
the Cutler Group (Figure 0.3.3 and 0.3.6). The overlying Cedar Mesa 
Member of the Cutler Group crops out about 1.6 km (one mile) east of the 
site in Gypsum Creek Wash. Oisconformably underlying the Halgaito Shale 
Formation at the site is the Honaker Trail Formation of the Hermosa 
Group. 

The site lies on the west limb of the Mexican Hat syncline, the 
structure separating the Halgaito anticline to the west and the Raplee 
anticline to the east (see Figure 0.3.4). The axis of the north-south
trending Mexican Hat syncline lies about 4.8 km (three miles) east of the 
site. These two anticlines and the intervening Mexican Hat syncline are 
gently- to moderately-folded, minor structures on the edge of the 
Monument Upwarp, a regional feature of the Colorado Plateau. The eastern 
edge of the Monument Upwarp in the site region coincides with the eastern 
flank of the Raplee anticlinal structure. 

Based on the logs of test borings advanced on the site during this 
investigation, a geologic cross section through the site area was 
prepared (Figure 0.3.7). The site is on east-southeast-tilted Halgaito 
Shale redbeds. There are only minor eolian sand dune deposits as surfi
cial cover of the bedrock. The Halgaito Shale is 15 to 30 m (50 to 
100 ft) thick at the site. The thickness of the Honaker Trail Formation 
at the site is unknown. The Halgaito thins to the east and the Hermosa 
thickens to the east. Borehole data for the site are in Addendum 04 of 
this appendix. 

The tailings at Mexican Hat have been reconfigured from two adjoin
ing piles into one pile in the area of the former easternmost pile. The 
tailings rest within a small drainage that originally flowed northeast-
ward to a confluence with Gypsum Creek. The relatively low topography to 
the north and west is interrupted by incised arroyos, while an alignment 
of small hills flanks the lower impoundment to the south. A relatively 
small watershed is present above the tailings impoundments. Runoff from 
this area is around the disposal area in a diversion channel that flanks 
the site to the south. The site is about 240 feet higher than the San 
Juan River, which is about 1.3 miles to the north. 

In addition to the truncation of the main arroyo by the 1 ower 
tailings dam, three other significant secondary drainage paths extend up 
to the northern and western toe of the lower embankment. The heads of 
these arroyos·contain little, if any, alluvium, and rocks of the Cutler 
Group are persistently exposed transverse to the drainage paths. 

• 

The site lies on gently sloping eroded bedrock. No indications of 
subsidence or landslide features are present. The drainage is governed 
by two northeast-trending ephemera 1 stream channe 1 s through the site 
(Figure 0.3.8). The absence of surficial cover precludes expansive, 
collapsing, or dispersive soils, but the cold winter temperatures could 
affect frost heaving, solifluction, and slope creep in the eolian sand or 
the tailings under proper moisture conditions. Wind has removed some of 
the tailings to the.northeast of the existing piles. • 
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D.3.6 ECONOMIC GEOLOGY \' 

Known mineral and fossil fuel deposits in the area of the tailings 
site are natural aggregate, crushed stone (manufactured aggregate), and 
oil and gas. 

Natural aggregate deposits in this area are confined to a few 
scattered occurrences of stream and terrace a 11 uvi urn. A hi gh-1 evel 
terrace alluvium occurs at several localities along the San Juan River in 
the Mexican Hat, Utah, area. The largest deposit of this type is on the 
north edge of the San Juan River and immediately west of U.S. Highway 
163. This deposit caps a series of low-rounded hills and consists of up 
to 20 feet of gravelly material. Similar deposits of high-level terrace 
gravels occur elsewhere along the San Juan River (BIA, 1955). 

· · .·Crushed stone sources consist predominantly of limestone that crops 
out at several localities in the vicinity of Mexican Hat, Utah. Several 
of these sites are within the San Juan River Canyon and would require the 
removal of thick rock overburden or underground quarrying to produce a 

· large tonnage. The most accessible and ideal deposit of limestone occurs 
·. southwest of Mexican Hat along U.S. Highway 163. At this site, a 
! limestone bed three to four feet thick crops out on the eroded dip-slope 
~"'·of the Halgaito anticline. The limestone at this site is essentially 

bare or covered by a thin silt and ••blow" sand overburden (BIA, 1955). 

Oil and gas are present in the Pennsylvanian age sedimentary bedrock 
of the Mexican Hat Oil Field. This oil field lies directly north of the 

. San Juan~River and extends from the town of Mexican Hat northward for a 
·distance of about three miles (Wengerd, 1955). Production from this oil 

field is ongoing, and to December 1984, the Mexican Hat Oil Field had 
produced 10,951 barrels of oil, 1584 million cubic feet of gas, and 673 
barrels of water (~arney, 1985). Drill holes west of the tailings piles 
encountered oil and gas traces within the Honaker Trai 1 Formation at 
depths of 175 to 190 feet. 

D.3.7 SEISMOTECTONIC SETTING 

D.3.7.1 Regional setting 

Seismic hazard studies in much of the southwestern United 
States are hampered by the lack of a reliable long-term histori
cal record. Movements on major fault systems in the region may 
have recurrence intervals on the order of tens to hundreds of 
thousands of years, while the historical record dates back only 
to the middle or late 19th century. The historical record for 
Arizona dates back to 1776 (DuBois et al., 1982); for Utah to 
1850 (Arabasz et al., 1979); for Colorado to 1870 (Kirkham and 
Rogers, 1981); and for New Mexico to 1849 (Sanford et al., 
1981). Reliable and reasonably complete instrumental records 
generally date back only to the early 1960s. As a general rule, 
the historical record is probably reliable for moderate to large 
earthquakes since about 1900 to 1910, while the instrumental 
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record is probably reliable for earthquakes of magnitude 4.5 or 
greater since the early 1960s (Von Hake, 1984). 

In the absence of a reliable long-term historical record, 
probabilistic analyses of seismic risk are of limited use. 
Therefore, seismic risk analyses are largely based on studies of 
the geologic and seismotectonic setting, Cenozoic geologic 
history, and geomorphic evidence of Late Tertiary and Quaternary 
fault movements. Fortunately, erosion rates are slow and vege
tation is generally sparse in the arid to semiarid climates that 
prevail in most of the region.· Long faults, which are necessary 
for large earthquakes, will not remain undetected if careful 
geologic investigations are made (Krinitzsky and Chang, 1975). 

The site is near the geographic center of the Colorado 
Plateau physiographic and seismotectonic province. The 
boundaries of seismotectonic provinces in the site region, as 
defined for this study, are shown on Figure 0.3.9. They are 
determined on the basis of published studies of Neogene fault
ing, region a 1 seismicity trends, areas of Cenozoic igneous 
activity, geophysical data, and the distribution of major 
physiographic provinces. Shown on Figure 0.3.10 is a plot of 
historical and instrumentally located earthquake epicenters (for 
events of magnitude~ 4 and intensity (I~) ~ V) for the Colorado 
Plateau region. These data were provided by the Nation a 1 
Oceanic and Atmospheric Administration (NOAA), National Geo
physical Data Center (NGDC). A listing of the epicentral data 
used in c~mpilation of this figure is available from the UMTRA 
Project Office, Albuquerque, New Mexico. 

The Colorado Plateau, Basin and Range, Rio Grande Rift, and 
Sierra Nevada Provinces appear to be part of an interrelated 
system that has experienced major uplift and extension during 
the last 20 million years (Thompson and Zoback, 1979). Within 
the Basin and Range and Rio Grande Rift bounding the Plateau is 
found geo 1 ogi c and geomorphic evidence of repeated surface 
faulting events associated with large earthquakes during Quater
nary time. They have experienced some of the largest historical 
earthquakes in the entire United States. These regions are 
characterized by 1 arge vo 1 umes of Cenozoic intrusive rock, 
.thinner crust, higher heat flow, and stress fields oriented 
differently than the modern stress field in the interior of the 
Plateau (Thompson and Zoback, 1979). The boundary of the 
Colorado Plateau and the Basin and Range Province on the west is 
marked by the Wasatch Frontal fault system in Utah, which forms 
a major se9ment of the Intermountain Seismic Belt (Smith and 
Sbar, 1974). The transitfon zone in northern and central 
Arizona is referred to in this study as the Arizona Border Zone. 
Some of the 1 argest hi stori ca 1 earthquakes of the Co 1 ora do 
Plateau have occurred in this regi~n. The Rio Grande Rift and 
the eastern Co 1 ora do Plateau border zone in New Mexico and 
southwestern Co 1 orado, and the border zone of the Co 1 orado 
Plateau and Western Mountain Provinces in western Colorado, have 
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also been the locus. of elevated seismicity in historical times • 
To" the north, the Plateau is. bordered by the Wyoming Basin, a 
series of broad basins and uplifts that are structurally and 
tectonically similar to the Plateau. This transition zone is 
not marked by elevated seismicity. 

The Mexican Hat site is within the stable interior portion 
of the Colorado Plateau, at distances of 100 to 200 km from the 
major seismic zones. The occurrences of MEs at the closest 
approaches to the site of the Intermountain Seismic Belt, Rio 
Grande Rift, and Basin and Range Provinces would not produce 
significant accelerations in the site area. The major features 
of interest to a seismic hazard study of the Mexican Hat site 
are 1) possible FEs (not associated with known structures) in 
the immediate site area; 2) mapped faults, fault 9roups, and 
lineaments within a 65-km radius of the site; and 3) faults of 
the San Francisco volcanic field fault domain in north-central 
Arizona (Menges and Pearthree, 1983). These features all lie 
within the Colorado Plateau Interior, except for the San 
Francisco volcanic field fault domain, which overlaps the 
boundary of the Interior and the Arizona Border Zone. 

0.3.7.2 Colorado Plateau seismotectonic province 

The modern Colorado Plateau is composed of a stable 
interior portion bounded on the west, south, and east by more 

. highly active border zones. For this study, the interior and 
border zones are defined as separate subprovi nces, and the 
boundary is drawn at the 40-km crustal thickness contour. The 
border zones lie within the physiographic boundary of the 
Colorado Plateau, but are characterized by elevated seismicity, 
thinner crust, higher heat flow, common normal faulting, and 
elevated levels of Tertiary and Quaternary volcanism relative to 
the interior. Nearly all of the larger historical earthquakes 
of the Plateau have occurred within the border zones. 

Neogene faulting is generally rare within the interior 
portion of the Colorado Plateau, except for faulting associated 
with the Uncompahgre Uplift and the collapsed salt anticlines of 
the Paradox Va 11 ey. Earthquakes are rare. The hi stori ca 1 
seismicity of the interior portion has been classified by Wong 
et a 1 • ( 1982) as very 1 ow 1 eve 1, having events of sma 11 to 
moderate magnitude with diffusely distributed epicenters. The 
largest instrumentally recorded earthquakes within the interior 
portion have fallen in the magnitude range 4.5 to 5.0 . 

. The 1 argest hi stori ca 1 earthquakes recorded within the 
Co 1 orado Plateau have occurred in the border zones. These 
include: 

o Events of estimated magnitudes 5.5 to 5.75 (ML) at 
Lockett Tanks, Arizona, in 1912 and Fredonia, Arizona, 
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in 1959 (DuBois et al., 1982). These events occurred 
within the Arizona Border Zone separating the Colorado • 
Plateau from the Basin and Range Province to the south. 

o The Dulce, New Mexico, earthquake of January 23, 1966, 
of magnitude (Mb) 5.5 (NGDC/NOM, 1985). This event 
occurred in the zone of transition between the Colorado 
Plateau and Rio Grande Rift (Herrmann et al., 1980). 

o The earthquake of October 11, 1960, of magnitude 5.5, 
northeast of Ridgway, Colorado, which was strongly felt 
in the Ridgway-Montrose area. This event may be 
associated with the Ridgway fault that terminates the 
southeastern end of the Uncompahgre Uplift, marks the 
northwestern boundary of the San Juan volcanic field, 
and may be the boundary between the Colorado Plateau and 
Western Mountain provinces (Kirkham and.Rogers, 1981; 
Sullivan et al., 1980). 

Recurrence intervals have not been established for large 
earthquakes within the Co 1 ora do Plateau. They may be on the 
order of tens or hundreds of thousands of years. 

D.3.7.3 Intermountain seismic belt 

The following discussion is largely excerpted from Smith 
and Sbar (1974). The Intermountain Seismic Belt shown on Figure 
D.3.9 is a zone of pronounced earthquake activity extending 
north from Arizona through Utah, eastern Idaho, and western 
Wyoming, and terminating in northwestern Montana (see Figure 
D.3.9). It coincides with the boundary between the Basin and 
Range Province and the Colorado Plateau-Middle Rocky Mountains 
in central Utah, and lies roughly 200 km to the northwest of the 
Monument Valley site. The largest historical event of the 
Intermountain Region was the 1959 earthquake of magnitude 7.1 at 
Hebgen Lake, Montana. More than 15 events with magnitudes 
greater than 6.0 have been reported since the mid-1800s. 

The Intermountain Seismic Belt includes the Wasatch Frontal 
Fault System and other major potentially active faults of 
northern and centra 1 Utah. This zone is high 1 y seismic and 
capab 1 e of 1 arge earthquakes (up to M = 7. 6) at recurrence 
intervals at short as 250 years and averaging about 500 years 
(Swan, 1983). 

D.3.7.4 Basin and Range Province in Arizona 

.. ~ -: .. ' -~- ' :- .. - ~. . :, . ~ . 

To the south, the Colorado Plateau is bounded by the Basin 
and Range Province of Arizona and New Mexico. This province has 
moderate seismicity with no large historical events, although it 
is believed capable of large magnitude earthquakes (Menges and 
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Pearthree, 1983; P~arthr~e et al., 1983). Recurrence intervals 
for this province have not been established~ but are probably on 
the order of hundreds to thousands of years. 

0.3.7.5 Rio Grande Rift 

The Rio Grande Rift is a north-south-trending extensional 
graben feature of great 1 ength and tectonic significance. It 
extends from Chihuahua, Mexico, through west Texas, New Mexico, 
and most of central Colorado, almost to the Wyoming state line. 
The rift was initiated in Neogene time and has experienced 
continued activity through the Quaternary. It is characterized 
by fault scarps in young alluvium; abrupt mountain fronts that 
exhibit faceted spurs; deep, narrow linear valleys; Neogene 
basin-fill sedimentary rocks; and a bimodal suite of mafic and 
silicic igneous rocks. 

A high percentage of all the potentially active faults in 
Colorado and New Mexico lies within this province. The rift has 
been subdivided into northern and southern subprovi nces in 
Colorado by Kirkham and Rogers (1981) on the basis of young 
faulting. Well-defined evidence of repeated Late Quaternary 
movement is abundant on several faults in the southern 
subprovince, whereas such evidence is obscure in the northern 
subprovince • 

0.3.8 GEOLOGIC HAZARDS ANALYSIS 

0.3.8.1 Site geomorphology and geomorphic hazards 

The Mexican Hat site is in the lower reach of the drainage 
basin of Gypsum Creek, an ephemeral stream that trends northward 
near the axial trend of the Mexican Hat syncline just east of 
the site (see Figure 0.3.5). The drainage heads approximately 
25 miles south of the site and meets the San Juan River 1/4 mile 
below the mouth of the site tributary. This basin surface is 
formed on the eroded Halgaito Shale member of the Cutler Group. 

The two tributary basins in which the tailings were placed 
1 i e on the west flank of the syncline structure. The upper 
tailings pile was spread across the head of two tributaries, 
Arroyo 1 and 2 (Figure 0.3.8). The lower tailings pile is 
located entirely in Arroyo 2, with the edges of the cell located 
on the drainage divide of this tributary basin (Figure 0.3.8). 
The drainages are controlled by the easterly dip of the syncline 
structure and by the prominent joint sets that trend north
northwest and east-northeast. 

Figure 0.3.8 was taken from stereo-pair aerial photos dated 
August 16, 1946. The acreage shown for drainage basins on the 
figure is for relative comparisons only. Other stereo-pair 
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photographs examined for assessment of geomorphic features were 
dated October 1, 1952 (22-82, GS-W1), August 11, 1982 (2059 MEX. • 
HAT 1-01 & 1-02), a~d October 19, 1985 (LM 8567 12-1 TO 12-3). 

The following features of the disposal cell design were 
built prior to suspension of Phase II construction (see 
HAT-Final Site Grading Plan, Drawing No. H/M-DS-10-0214, 
Appendix B): 

o The perimeter toe ditch for keying erosion protection 
has been constructed. 

o West Ditch, which intercepts drainage above the cell, 
has been constructed. 

o North Ditch, which collects runoff from the west end of 
the cell, has been widened. Gully 1, tributary to 
Arroyo 1, has also been enlarged to receive flow from 
the central two-thirds of the cell. 

o The side walls and bottoms of the arroyos have been 
straightened and cleaned. 

o Key trenches for placement of rock armor1ng within 
Arroyos (Gullies) 2 and 3 downslope of the toe ditch 
have been excavated. 

Arroyo 1 is on the north side of the site, and Arroyo 2 
forms the foundation for the disposal cell. There are two other • 
arroyos whose heads are near the toe of the cell and which have 
contained spurious windblown and alluvial contaminated materials 
deposits. These are designated as Arroyos 2A and 3. A fifth 
arroyo south of the site area is designated as the South Side 
Arroyo. The plans now designate Arroyos 2 and 3 as "gullies," 
with Gully 1 being a side wall gully to Arroyo 1. 

The term "gully" is used to mean active local incision 
within or on the side walls of established drainages. The term 
"arroyo" is used for established ephemera 1 drainages with 
substantial basins that are tributary to Gypsum Creek. These 
features and the potential hazards they represent are described 
below. 

Arroyo 1 

This channel drains the north side of the site and·origi
na lly contained the upper tailings pile near its head. The 
potential hazards presented by Arroyo 1 would be the potential 
for lateral migration and canyon widening by a process of minor 
lateral gullies and by undercutting the embankment. Arroyo 1 
will receive all the drainage of its original basin plus 
approximately 82 percent of the tailings area of Arroyo 2. This 
arroyo and Arroyos 2 and 3 have their bottoms on a lower 
resistant layer of cemented silty sandstone. This layer, or 
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z,one, is about '15to 20· feet (4.5 to 6.1 m) below a similar 
upper resistant layer that forms the north and south drainage 
divides for Arroyo 2 basin. The north and south sideslope toes 
of the cell are founded on the upper resistant layer. 

Arroyo 1 is bedded on the dip slope of this lower resistant 
strata for its full length to its confluence with Gypsum Creek. 
The thalweg (stream bed slope) profile of this drainage is shown 
on Figure 0.3.11. The interval between the upper resistive 
layer, actually a zone composed of four distinct interbedded 
strata, and the top of the 1 ower resistive 1 ayer consists 
primarily of a shale/clay stratum that erodes relatively easily. 

Figure. 0.3.11 also shows a composite trench log of the 
upper resistant layer, the underlying clayey uncemented inter
. .va 1, and the top of the 1 ower resistive 1 ayer. The cemented 
rock of the upper resistant 1 ayer resisted ripping by a 0-9 
bulldozer and required the use of explosives to excavate the 
diversion channels. 

The moderate dip slope of Arroyo 1, shown as ranging from 
0.033 foot/foot in the uppermost reach to as low as 0.014 and 
0.011 foot/foot in .the middle reach of the drainage opposite the 
cell, has a low potential for gullying (Figure 0.3.12). It also 
has an observable high resistance to erosion. The side slopes 
of the arroyos adjacent to the disposal cell have been cut back 
to stable slopes, and the bottom has been cleaned of alluvium 
for its full width of approximately 50 feet (15 m) extending 
downslope to the site boundary. Because of the slight meanders 
in the arroyo, the stream slope is less than the actual bedrock 
dip (Figure 0.3.11). 

A demonstration of the resistance to erosion of this 
resistant 1 ayer is that there are no incised gullies or nick 
points in the flat-bottomed stream bed for its full length of 
nearly 7000 feet (2100 m) to the Gypsum Creek confluence. At 
this junction, Arroyo 1 has been undercut by the. creek bed, 
forming a vertical outfall of 15 feet (4.5 m) or more. By com
parison, Gypsum Creek is at least 25 miles (40 km) long and has 
a basin area exceeding 150 square mi 1 es (390 km2). The full 
thickness of this lower resistant zone of interbedded cemented 
fine sandstone beds is exposed at this location and is at least 
10 feet (three m) thick. 

The drainage meanders slightly with control by north
trending bedrock joints systems. The joints become very 
noticeable as a consequence of slight differential weathering in 
the lower reach of the stream bed, where perennial seepage flow 
keeps the surface wet. Where erosion of this layer is observed 
in Gypsum Creek and Arroyo 2, the resistant layer is not eroded 
by the typical narrow incised gullies but proceeds by stripping 
the upper discrete bed to the next parting plane and advances as 
nick points that are the thickness of this discrete bed. In 
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this way, the channel maintains a fairly flat bed without con-
. stricting the flow. Because the site arroyos are aligned near • 

true dip, there is little tendency to migrate laterally. Also, 
because of the lack of gullying and the tendency to spread in 
sheet flow across the resistant cemented layer in the arroyo 
bottom, the arroyos have widened to accommodate the short-term 
maximum flows. 

The increased flow volume in Arroyo 1 at its confluence 
with Arroyo 2, as a consequence of the diversion of 82 percent 
of runoff of Arroyo 2 basin, will be approximately 72 percent. 
As a way of quantifying the potential for stream bed widening, 
the channel widths within this same clay/shale stratum in Gypsum 
Creek, which has a. runoff potential of up to 150 square miles 
(390 km2), is observed to measure only 300 to 350 feet (90 to 
105 m) wide. This is approximately 175 feet (53 m) from the 
center of the channel in straight or slightly curved reaches. 
The inner canyon at sharp meanders in Gypsum Creek are as much 
as 500 feet (150 m) total width. By comparison, the setback of 
the north toe of the cell is measured at 320 feet (98 m) from 
the center of the channel in Arroyo 1. The narrowness of the 
canyon is attributed to the resistance of the upper cemented 
layer against lateral gullying. It is concluded that there is 
little potential for Arroyo 1 to pose a hazard to the cell. 

Arroyo 2 

As shown on Figure 0.3.8, Arroyo 2, which originally had a • 
basin area of about 90 acres that includes the disposal cell, 
has had all the drainage above the cell intercepted by the West 
Oi tch. A 11 runoff from the ce 11 except approximate 1 y eight 
acres of the downslope toe is diverted through North Ditch and 
Gully 1 into Arroyo 1. The 1 oss of 82 percent of potentia 1 
runoff will ·greatly diminish the potential for headcutting to 
disturb the cell. Any potential headcutting would originate at 
its confluence with Arroyo 1, where the channel bottom would 
seek to match the level of that larger channel. 

There are currently three nick points between this 
confluence and the toe of the cell. Each nick point averages 

.approximately 24 inches (61 em) deep or more. Upslope advance
ment is in a broad vee that widens to the fu 11 width of the 
channel, exposing the underlying flat bedding plane. The nick 
point advances by downdip displacement of block-sized fragments 
that separate along closely- to moderately-spaced joints. The 
nearest of these nick points to the cell toe coincides with 
intersection by a north-south trending minor fracture system 
that ~an be observed on aerial photographs (see Figure 0.3.8). 
This appears to be the most prominent of the joint sets nearest 
the cell. 

Besides the fracture intercept, another possible cause for 
the nick point may be the result of undercutting by erosion of 
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the one-foot (30-cm)-thick clay/shale bed between the cemented 
beds. Although the resistive layer would appear to be suffi
ciently stable with the very limited runoff potential, the 
presence of the nick points with a cumulative height of up to 
six feet ·(1.8 m) and within 600 to 800 feet (180 to 240 m) of 
the cell indicates it is prudent to protect against this 
potential headcutting. 

The keyed erosion protection buffer zone that has been 
constructed in the channel bottom, located 150 feet (45 m) from 
the toe of the cell, and the erosion protection rock that will 
be placed in the keyed ditch will dissipate energy and ade
quately prevent headcutting by the nick point. 

Arroyo 3 · 

This is the larger of two small arroyos that converge a 
short distance downslope (see Figure D.3.8). This drainage 
system had approximately 250 feet (75 m) of its head intercepted 
by the tailings pile. The channel and banks of Arroyo 3 have 
been c 1 eaned from the toe of the ce 11 to the boundary fence 
during the initial site preparation, as have Arroyos 1 and 2. 
The lower resistive layer, which forms the channel bottom in 
Arroyos 1 and 2, underlies this arroyo but is poorly exposed and 
has been covered by regrading in the upper reach. Arroyo 3 
converges with the tributary arroyo, flows southerly into the 
South Side Arroyo, and has a basin area of approximately 23 
acres. 

Arroyo 2A 

Arroyo 2A flows northeasterly directly into Gypsum Creek. 
The basin size is the same as for Arroyo 3 (see Figure D.3.8). 
The drainage is poorly deve 1 oped, and in most cases has not 
exposed the lower resistive layer. Both Arroyos 2A and 3 will 
not present a threat to the cell because of limited drainage 
areas and the integrity of the lower resistant rock layer. 

Summary of potential hazards 

Three potential geomorphic hazards are considered in this 
setting: 1) upland surface runoff; 2) wind erosion; and 3) head
cutting and encroachment from existing drainages or constructed 
diversion drainages. These are discussed in the following 
paragraphs. 

Upland surface runoff hazard. Diversion of surface water 
runoff from the watershed upslope of the site is a major con
cern. Arroyo 1 basin has a substantial area above the disposal 
cell area. The position of the constructed West Ditch, shown on 
Figure D.3.8, will intercept this upland drainage and divert it 
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into Arroyo 1 (the north side drainage). The on-site drainage 
will be diverted either through North Ditch or Gully 1 ditch to • 
Arroyo 1. 

Wind erosion hazard. The topographic setting of the site 
provides some protection from the erosive force of the wind. 
Due to the prevailing wind being from the west, the higher 
topography afforded by the drainage divide west of the site, at 
an elevation of 4350 feet (1325 m), provides substantial protec
tion for the top of the cell at 4340 feet (1328 m). Additional 
adequate protection is provided by the erosion protection rock 
on the sideslopes of the cell. 

Headcutt i ng or encroachment of drainages. A potentia 1 
-hazard for headcutting that could affect the cell is represented 
by the cutoff head of Arroyo 2. The head of this drainage has 
been armored for 200 feet (60 m) from the toe ditch divide to 
protect against headcutting. 

The potential hazard for encroachment by channel widening 
is represented by the diversion ditch at the toe of the cell, 
the West Ditch intercept at the upslope side of the cell, and 
the chann.el of Arroyo 1 that is parallel to the north side of 
the cell. For the reasons presented in the above discussion of 
Arroyo 1, engineered protection against encroachment by widening 
is unnecessary. 

The West, North, and Gully 1 diversion ditches- have been 
armored in the bottoms at critical points to protect against 
flow concentration causing local gullying incision. Because of 
the 15- to 20-foot (4.5- to 6.1-m) drop in elevation, the 
outfall of Gully 1 Ditch has been sloped to prevent cascading 
into the bottom of Arroyo 1. See Drawing Nos. H/M-DS-10-0217 
through -0220, Appendix B, Subcontract Documents, for design 
details. 

The south side drainage is separated from the tailings by 
an elevated and sharply defined drainage divide that is founded 
on the upper resistant layer. This is not considered a poten
tial hazard to the disposal cell because of this substantial 
relief. 

Pri nci pa 1 factors that pro vi de assurance of geomorphic 
stability are as follows: 

o The bottom of the north side arroyo has. not been 
gullied, and its flat bottom promotes sheet flow co~di
tions. 

o Gypsum Creek canyon demonstrates the stability of the 
canyon walls and the resistance of the upper resistant 
layer as a constraint to canyon widening. 
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o The conti~uity of, the lower resistant layer is demon
strated by the exposure in Arroyo 1 and 2. The persis
tence of the upper resistant layer is confirmed by the 
exposure and the effort required in excavations for the 
ditches and for the key trench in Gully 1 and the toe 
trench. 

o The runoff from the cell will be dispersed between the 
West Ditch, North Ditch, Gully 1, and Arroyo 2, so that 
the potential for headcutting is minimized. 

o The use of erosion protection armori ng in the drainages, 
in addition to the protection afforded by the resistant 
strata, is a conservative approach against the potential 
for geomorphic hazards. 

No site hazard is present from mass movement processes of 
landslides, debris flows, soil creep, mudflows, or rock falls. 
No quantitative data exist on site-specific rates of s 1 ope 
erosion or scarp retreat. No hazardous soil conditions have 
been identified. 

Subsidence caused by mine co 11 apse or so 1 uti oni ng of under
lying bedrock is not a hazard at the site. No evaporites are 
present in the local stratigraphy, nor are there mines under or 
near the tailings. Traces of oil and gas have been found at 
depths of about 175 feet beneath the western edge of the site. 
Development of any large reservoirs of oil or gas could result 

·in differential settling of ground surface near the site, 
although the possibility of subsidence is remote. 

Gypsum Creek is in a relatively tectonically stable area. 
The effects of tectonic activity are discussed in Section 
0.3.8.3. The slow uplift of the Colorado Plateau region would 
not affect specific site design. Changes in the base level of 
streams or the local water level may produce changes in the 
process of degradation and alluviation in the site area. No 
quantitative data are available on the possible effects of base 
level or water table level changes in the Mexican Hat area. 

Climatic changes would probably be of a lesser magnitude 
than those that occurred at the end of th.e Pleistocene, about 
10,000 years ago. Predicted changes in the amount of precipi
tation, seasonality of precipitation, or temperature are not 
expected to produce site changes that would affect the stability 
of the final tailings pile design within the next 1000 years. 

No hazards from vo 1 cani c activity are present in the 
tailings site area. No volcanic flows, cinders, or ash deposits 
have been recognized in the immediate vicinity of the Mexican 
Hat site. Small outcrops of Tertiary age explosive breccias 
occur about eight km (five miles) east of the site. No evidence 
occurs of volcanic intrusive activity younger than Pliocene in 
age • 
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0.3.8.2 Impact of natural resource development 

In the site area only three economic natural resources may 
occur: petroleum and natural gas; uranium; and sand and gravel. 

The economic uranium occurrences in the Mexican Hat region 
occur in the Recapture Member of the Morrison Formation. The 
nearest known economic deposit is about 37 km (24 miles) north
east of the site. No known uranium deposits occur close enough 
to. the site area to affect future mining activity. and site 
stability. 

Although traces of oil and gas may have been found in the 
Paleozoic strata underlying the site, there appears to be little 
hazard to site stability, except for drilling directly on the 
_stabilized tailings. A remote possibility of subsidence from 
fluid withdrawal exists if petroleum resources were developed. 

Sand and gravel exploitation possibilities are low. The 
quality and quantity of sand and gravel deposits and eolian sand 
deposits are very poor. 

No hazards exist from coa 1 mining. . All known co a 1 re
sources in the region occur in strata younger than that at the 
site. 

0.3.8.3 Seismic hazards 

Technical approach 

The objectives of the seismic hazard analysis performed for 
this study are as follows: 

o Selection of the design earthquake and estimation of the 
on-site peak horizontal acceleration for use in subse
quent engineering analyses. 

o Recognition of any potential for on-site fault rupture. 

o Recognition of any potentia 1 for earthquake-induced 
landsliding or subsidence due to tectonic causes. 

The technical analysis performed for this study involves a 
critical review of all the information developed during the 
investigation and a step-by-step approach to estimating seismic 
risk. 

The first step is to determine the largest possible magni
tude of FEs in the seismotectonic province within which the site 
is located. The maximum FE is then assumed to occur at a radial 

. distance of 15 km from the site, and the resulting on-site 
acceleration is calculated using the constrained acceleration/ 
attenuation relationship of Campbell (1981). In this and 
subsequent steps of the analysis, the mean-plus-one standard 
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deviation (84th pe~centtle)· valoe will be adopted. The design 
v'alue is considered a nonamplified, free-field, peak horizontal 
acceleration. 

Following this, the maximum possible on-site acceleration 
resulting from earthquakes occurring in each of the remote 
seismotectonic provinces within the region of interest is 
determined. A detailed analysis of individual faults within 
remote provinces is not performed unless they lie within a 65-km 
radius of the site. A conservative approach is taken, wherein 
the closest distance of the remote province from the site is 
first measured. The measurement is made using published maps 
and literature to delineate province boundaries. The ME values 
for the remote provinces are estimated based on published 
studies and personal communications from researchers active in 

-. the areas. The ME is then assumed to occur at the closest dis
tance of each remote province from the site, and the resulting 
on-site acceleration is calculated. 

After completion of the first two steps in the analysis, 
the on-site accelerations resulting from the FE within the 
province containing the site and from the MEs at the closest 
approach of each of the remote provinces are compared. The 
largest value is taken as the critical acceleration during the 
subsequent capable fault analysis. 

Based on the review of published and unpublished geologic 
'data and the air-photo analysis, a compilation of all mapped 
·faults and air-photo lineaments within a radial distance of 
65 km of the site is prepared. The fault 1 ength/magnitude 
relationships of Bonilla et al. (1984) are used to determine the 
maximum magnitude earthquake that each structure could be 
capable of producing if it were determined to be a capable 
fault. An on-site acceleration resulting from each fault is 
then calculated using the acceleration/attenuation relationship 
of Campbell (1981). These values are then compared to the 
critical acceleration determined during the previous analysis. 
Any features potentially capable of producing a larger on-site 
acceleration than the critical value are subjected to a detailed 
field investigation to determine if they are capable faults. 

The field investigatjon consists of analysis of the seismic 
record for evidence of micro- or macrosei smi city associ a ted with 
the fault, close inspection of the mapped fault trace on aerial 
photography, detailed ground reconnaissance for evidence of Late 
Quaternary or Holocene movements, and careful investigation of 
the indicated fault during the LSA aerial reconnaissance. 

If any evidence is found to indicate the fault (or faults) 
to be capable, the calculated on-site acceleration is then 
recommended as the design acce 1 erati on va 1 ue. The fault is 
designated as the controlling fault, and the ME on that fault is 
specified as the design earthquake • 
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Previous seismic zoning studies 

Several probabilistic earthquake maps, which plot contours • 
of maximum horizontal accelerations, velocities, and intensities 
for various return periods, have been prepared for the contigu-
ous United States. Examples of such studies are those by Liu 
and DeCapua (1975), Algermissen and Perkins (1976), the Applied 
Technology Council (1978), and Algermissen et al. {1982). These 
studies were utilized to estimate the maximum value of each 
parameter for the site area. The resulting values are listed in 
Table D.3.2. 

Liu and DeCapua (1975) developed 100-year contour maps of 
intensity and acceleration for the Rocky Mountain states. On 
their 100-year contour map of maximum predicted intensity, the 
site area lies in a north-south-trending region characterized by 
Modified Mercalli Intensity IV to V, which lies between the 
Intermountain Seismic Belt and the Rio Grande Rift. The Colo
rado Plateau is not clearly distinguished as a seismotectonic 
province. This indicates that a Modified Mercalli Intensity 
IV-V event will be experienced in the site area once every 100 
years. Based on their 100-year contour map of peak accelera
tions for the Rocky Mountain states, an acceleration of 0.02 g 
to 0.03 g is predicted once every 100 years. 

Contours of horizontal acceleration in rock having a 
90 percent probability of not being exceeded in 50 years were 
presented for the contiguous United States by Algermissen and • 
Perkins (1976). On their map, the stable interior portion of 
the Colorado Plateau is defined as a zone of maximum predicted 
horizontal acceleration in rock of less than 0.04 g. 

The preliminary study of Algermissen and Perkins {1976) was 
updated by Algermissen et al. (1982), who presented probabilis
tic estimates of maximum acceleration and velocity in rock for 
periods of 10, 50, and 250 years. In comparison with the 1976 
study, the 1982 study resulted in only minor modification of 
their estimates of peak accelerations for the Mexican Hat site 
region. They estimate that the maximum acceleration that will 
be experienced in the site region during a period of 250 years 
falls in the range 0.07 g to 0~10 g. 

A study performed by the Applied Technology Council (1978) 
presented a map showing effective peak accelerations for the 
contiguous United States in which the geographic contours of 
seismic source zones and horizontal accelerations in the site 
area are the same as those presented by Algermissen and Perkins 
(1976) and Algermissen et al. (1982). 

The accelerations calculated in these previous studies are 
uniformly lower than the maximum values calculated in this 
study. The discrepancy in the values results from the 
difference in approach taken for the studies. The previous 
studies are probabi 1 i sti c ana lyses based on the rather brief 
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historical record~ which ·predict parameters for limited time 
periods. The approach taken in the present study is a very 
conservative analysis, which assumes the potential occurrence of 
the most extreme possible events. A great deal of attention is 
paid to the details of the regional and local structure in this 
study. The maximum capabilities of all faults in.the study area 
are taken into account. In addition, the design life of 1000 
years is the basis of the present analysis, as compared to the 
time periods of 10, 50, 100, and 250 years assumed in the 
previous studies. Extrapolation of the results of the previous 
studies to the 1000-year design life would result in values more 
consistent with the conclusions of this study. 

Review of epicentral data for the Colorado Plateau 

An epicentral compilation for use in derivation of seismic 
parameters for the Colorado Plateau was obtained for this study 
from the NOAA/NGDC earthquake data file (see Figure 0.3.10). 
The complete listing is available on request from the UMTRA 
Project Office, Albuquerque, New Mexico. 

To facilitate the computer search, and to restrict the 
search area as closely as possible to the actual limits of the 
Colorado Plateau, two search areas were specified: a circle of 
radius 320 km and center at 36.0°N, 110.00W, and a rectangular 

,block covering the area 38.2°N-40.3°N, 107 .3°-l12.00W. The choice 
of search areas resulted in some overlap beyond the borders of 
the Colorado Plateau, especially in central Arizona. These data 
were considered to be representative of seismicity of the border 
zones, and were included in the analysis. 

Table 0.3.3 was derived from this list. It represents all 
instrumentally located earthquakes within the Colorado Plateau 
(interior and border zones) of magnitude 4.0 since January 1, 
1960. The 1 i st contains 70 events. Of these, 15 occurred 
either in the eastern Utah coal mining belt or in the oil and 
gas fields near Rangely, Colorado. These are considered to be 
artificially induced events caused by mining or oil and gas 
withdrawal (Smith and Sbar, 1974). They were not included in 
the subsequent analysis. Of the remaining 55 events, only two 
occurred within the stable interior portion of the Plateau as 
defined for this study. These include magnitude (mb) events of 
4.0 in the Paradox Basin on February 3, 1970, and 4.4 near Grand 
Junction, Colorado, on January 30, 1975. The data indicate that 
on 1 y four percent of the sei smi c.i ty of the Co 1 ora do Plateau 
occurs in the stable interior. Those events that do occur are 
associ a ted with tectonically unique structures such as the 
Uncompahgre Plateau and Paradox Basin. 

The remaining 53 events, representing 96 percent of the 
data, occurred in the border zones. Twenty-three events 
occurred in the Rio Grande Rift border zone, and of these, 18 
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were associated with the swarm of events near Dulce, New Mexico, 
from January 1966, to January 1967. 

Eighteen of the events are associated with the border zone 
of the Colorado Plateau and the Intermountain Seismic Belt in 
Utah and northern Arizona. Most of these events occurred along 
.the Wasatch Frontal fault system. Seven events occurred in the 
border zone between the Colorado Plateau and the Western 
Mountain Province. These include the event of October 11, 1960, 
of magnitude 5.5 near Montrose, Colorado. 

The remaining five events occurred in the Arizona Border 
Zone, and include several events of magnitude (mb) 5.5 to 5.75 
in the Flagstaff area. 

Graphical determination of ME 

The data were plotted on Figure D.3.13 to determine the ME 
value for the Colorado Plateau. Due to the scarcity of data for 
the Colorado Plateau interior, the data are representative of 
the border zones. The data show that there is no basis for any 
determination of the ME value for the interior from the instru
mental seismic record. The historical record is also extremely 
limited and is probably even less reliable. The scarcity of 
recorded earthquakes of magnitude 5.0 and greater also limits 
the reliability of the ME determination for the border zones • 
The true ME value may lie anywhere within the range from 6.2 to 
6.8. The average value of this range, magnitude 6.5, is con
sidered to be a reasonably conservative value. This value is 
recommended as the ME value for the Colorado Plateau interior 
and border zones together. This value is also the value adopted 
by Kirkham· and Rogers (1981) as the ME for the Colorado Plateau. 
The data do not permit any estimate of the recurrence interval 
for the ME event within the interior province. It may be on the 
order of tens to hundreds of thousands of years. For the inter
ior and border zones combined, a reasonable estimate can be made 
on the basis of the historical record. Assuming the record for 
moderate to large earthquakes to be complete since about 1900, 
the data base covers a period of 85 years. This value repre
sents an absolute minimum recurrence interval for the border 
zones. If it is assumed, conservatively, that one magnitude 6.5 
earthquake occurs every 85 years within the approximately 
425,000-km2 area of the Colorado Plateau (interior and border 
zones), the probability of occurrence of a magnitude 6.5 event 
within any 15-km radius within the region is 0.06 x 10·4 • The 
recurrence interval of·an ME earthquake within any 15-km-radius 
area is thus 166,666 years. 

A graphi ca 1 determination of the .recurrence i nterva 1 of the 
ME for the entire Colorado Plateau (interior and border zones) 
was also done, using the data shown in Table 0.3.4, and is 
represented in Figure D.3.14. The results indicate a recurrence 
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probability of 0.0019 ... ME I eve.nt per year, or a recurrence 
interval of 526 years. 

Determination of FE magnitude 

The definition of "floating earthquake" adopted for use in 
UMTRA Project seismic hazard evaluations is "an earthquake 
within a specific seismotectonic province which is not asso
ciated with a known tectonic structure.•• It is important to 
distinguish between the terms Maximum Earthquake (ME) and Float
ing Earthquake (FE). The ME magnitude should generally be larger 
than the FE magnitude, because large earthquakes are generally 
associated with ground breakage on known tectonic structures. 
The FE magnitude should never be greater than the ME. 

It is generally accepted that FEs are of event slow to 
moderate magnitude. For example, Slemmons et al. (1982) state 
"The maximum magnitude for this type of earthquake in the 
eastern and central United States is about M5 = 5.75 to 6." 

Krinitzsky and Chang (1975) state that "Uncertainties in 
the association of earthquakes with faults affect only small, 
magnitude 4.0 or 5.0 events. Long faults, which are necessary 
for large earthquakes, would not remain undetected if careful 
geologic investigations were made." They further state that the 
formation of new faults capable of causing destructive earth-

., quakes is not a poss i bi 1 ity that shou 1 d be considered in design • 

The maximum magnitude of the FE should therefore be equal 
to the threshold magnitude at which ground breakage will occur. 
It is generally assumed that all earthquakes of magnitude 
greater than about 6.0 to 6.2 do produce fault scarps at the 
ground surface in the western United States. Wallace (1978) 
indicates that earthquakes of magnitudes greater than about 6.0 
are generally associated with ground breakage in the Basin and 
Range Province. The threshold magnitude is not precisely known 
for the Colorado Plateau, because there are no recorded seismic 
events associated with ground breakage. The largest recorded 
earthquakes in the Co 1 ora do Plate au have all fall en in the 

. approximate magnitude range of 5.5 to 5.75. It is conceivable 
that this range may represent the ME value for the prevailing 
stress field. Thompson and Zoback (1979) state that the lack of 
major faulting and/or seismicity within the Plateau interior 
indicates low differential (shear) stresses. This range is 
considerably lower than the ME value of 6.5 used for UMTRA 
Project studies in the Colorado Plateau. The larger value is 
adopted in part because of the limitations of the historical 
data base. The magnitude range 5.5 to 5.8 may be a reasonable 
va 1 ue for the FE magnitude, but a more conservative va 1 ue is 
advisable considering the lack of a long-term data base. Since 
all earthquakes of magnitude 6. 5 should be associ a ted with 
ground breakage (i.e., be associated with a known tectonic 
structure) and the largest historical events fall in the range 
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5.5 to 5.75, the FE magnitude must fall somewhere within the • 
range 5.75 to 6.5. 

A more precise estimate can be made by evaluating the 
thresho 1 d magnitude at which ground breakage occurs from the 
appropriate fault length/magnitude relationship. The relation
ship of Bonilla et al. (1984) for plate interiors is: 

M5 = 6.2 + 0.729 log L 

where 

L = mapped fault rupture length. 

The threshold magnitude can be estimated by setting L equal 
to zero. The resulting magnitude (M5 ) is equal to about 6.0. 

_This is in general agreement with the arguments of Krinitzsky 
·and Chang (1975}, Slemmons et al. (1982), and Wallace _(1978}, 
cited above. Allowing for possible errors and variability in 
the determinations discussed above, the more conservative value 
of ML=6.2 is recommended for the maximum magnitude.of the FE in 
the Colorado Plateau. 

In accordance with Technical Approach Document (TAD) guide
lines, this event is assumed to occur at a radial distance of 15 
km for the site. Using the constrained acceleration/attenuation 
relationship of Campbell (1981), this results in an on-site peak 

. horizontal acceleration (mean plus one standard deviation value, 
or 84th percentile) of 0.21 g. In the absence of known capable • 
faults capable of producing higher accelerations at the site 
area, this event will be designated as the design earthquake, 
with a design acceleration of 0.21 g. 

The recurrence interval for this event cannot be reliably 
estimated due to the lack of data, especially for the Colorado 
Plateau interior. It may be on the order of tens or hundreds of 
thousands of years. A graphical estimate of recurrence values 
(Figure D.3.14) shows an occurrence rate of 0~004 events of thir 
magnitude per year, or one event of magnitude 6.2 every 250 
years within the Colorado Plateau. This may be an ex_tremely 
conservative estimate, considering the largest actual historical 
events and the 1 i mited data base. If it is assumed that one 
earthquake of magnitude 6. 2 occurs randomly every 250 years 
within the entire plateau (an area of approximately 425,000 
km2), then the apparent probability of occurrence is approxi
mately 1 x 10-e events per square km per year. Using this base 
value, the probability of an event occurring within a specified 
time period and within any specified radial distance of the site 
can be simp 1 y derived. The probability of occurrence of the FE 
~ithin the 15-km radius of any site during the 1000-year design 
1 i fe is 2. 25 x lQ-3, or 1 ess than one percent. 
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Effects of MEs occurring within remote seismotectonic provinces 

Remote seismotectonic provinces, subprovinces, or domains 
considered for this study include the following (see Figure 
0.3.9): . . 

o Arizona Border Zone of Colorado Plateau (including 
San Francisco volcanic field fault domain). The state 
of Arizona was divided into separate domains of Late 
Quaternary faulting, based on regional distribution and 
spacing of faults and estimates of recurrence intervals, 
by Menges and Pearthree (1983). No Quaternary faults or 
potentially active features were recognized in north
eastern Arizona. Faults associated with the San Fran
cisco volcanic field near Flagstaff and extending north 
to the Utah border are the closest identified poten
tially active features to the site (see Table 0.3.5). 
This domain appears to overlap the Interior/Border Zone 
transition. Rough ME estimates based on the approximate 
mapped lengths of faults in this domain indicate that 
magnitudes on the order of 6.5 may be possible. Faults 
in this domain are apparently the major potential 
sources of earthquakes that could affect the Mexican Hat 
site. Closest approaches of these features to the site 
area range from about 50 to 55 km. The occurrence of a 
magnitude (mb) earthquake of 6.5 at a distance of 50 km 
would produce an on-site peak horizontal acceleration of 
less than 0.1. gin the site area (Table 0.3.5). 

o Intermountain Seismic Belt. The following discussion is 
1 argely excerpted from Smith and Sbar (1974). The Inter
mountain Seismic Belt is a zone of pronounced earthquake 
activity extending north from Arizona through Utah, 
eastern Idaho, western Wyoming, and terminating in 
northwestern Montana. It coincides with the boundary 
between the Basin and Range Province and the Colorado 
Pl ateau-Mi ddl e Rocky Mountains in centra 1 Utah. The 
largest historical event of the Intermountain Region was 
the 1959 earthquake of magnitude 7.1 at Hebgen Lake, 
Montana. More than 15 events with magnitudes greater 
than 6.0 have been reported since the mid-1800s. 

The Intermountain Seismic Belt includes the Wasatch 
Frontal fault system and other major potentially active 
faults of northern and central Utah. 

The ME value for the Intermountain Seismic Belt may be 
as high as 7.5 (Smith and Sbar, 1974). Though the seis
mic activity associated with the Intermountain Seismic 
Belt is irregularly distributed over a broad area, there 
is no evidence that seismicity associated with it has 
occurred within the interior of the Colorado Plateau. 
It therefore appears that the closest approach of poten
tial earthquakes associated with the Intermountain 
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Seismic Belt to the Mexican Hat site is approximately • 
200 km. A magnitude 7.5 earthquake occurring at the 
closest approach of the Intermountain Seismic Belt would 
produce a peak hori zonta 1 acce 1 erati on of 1 ess than 0. 05 
gat the site (Table 0.3.5). 

o Rio Grande Rift. The Rio Grande Rift is a north-south
trending extensional graben feature of great length and 
tectonic significance. It extends from Chihuahua, 
Mexico, through west Texas, New Mexico, and most of 
central Colorado, almost to the Wyoming state line. The 
rift was initiated in Neogene time and has experienced 
continued activity through the Quaternary. It is 
characterized by fault scarps in young alluvium; abrupt 
mountain fronts that exhibit faceted spurs; deep, narrow 
linear valleys; Neogene basin-fill sedimentary rocks; 
and a biomodal suite of mafic and silicic igneous rocks. 

A high percentage of all the potentially active faults 
in Colorado and New Mexico lies within this province. 
The rift has been subdivided into northern and southern 
subprovinces in Colorado by Kirkham and Rogers {1981) on 
the basis of young faulting. Well-defined evidence of 
repeated Late Quaternary movement is abundant on several 
faults in the southern subprovince, whereas such evi
dence is obscure in the northern subprovince. 

The closest approach of active or potentially active • 
faults associ a ted with the Rio Grande Rift to the 
Mexican Hat site area is about 275 km. 

The estimated magnitude of an ME associated with the Rio 
Grande Rift (Kirkham and Rogers, 1981) is 6.5 to 7.5. 
An event of magnitude 7.5 occurring at a distance of 
275 km from the site area would result in a peak hori
zontal accelerati~n of less than 0.01 g, as detailed in 
Table 0.3.5. 

The Rio Grande Rift Border Zone is anomalous in that it 
apparently is not associated with pronounced crustal thinning 

__(see Figure 0.3.9). However, the 1966 Dulce earthquake swarm 
occurred near the approximate transition. For this study, the 
border zone is defined arbitrarily as a 100-km-wide belt 
extending into the eastern margin of the Plateau from the mapped 
boundary of the Rio Grande Rift. The closest approach to the 
site is thus about 175 km. The occurrence of a magnitude (mb) 
event of 6.5 at a distance of 175 km would produce an on-site 
peak horizontal acceleration of less ~han 0.01 g. 

Fault and epicentral compilation: capable fault analysis 

A compilation of all mapped faults and earthquake epicen
ters within 65 km of the site is shown on Figure 0.3.15 and 

D-52 
• 



• 

• 

• 

. I . . ' . ' 

listed in Table D~3.6. In addition to previously mapped faults, 
a:·ll 1 i neaments derived from· aeri a 1 photographic interpretation 
were compiled. All faults were observed at least once during 
the low-sun-angle aerial reconnaissance. Most features within 
35 km of the site were field-checked during the ground recon
naissance phase of the study. Other features of region a 1 
significance outside the 35-~m radius were also field-checked. 

It was determined on the basis of the investigations 
performed that no faults lying within the 65-km radius show any 
evidence of Quaternary movements. In addition, no historical or 
instrumentally located earthquake epicenters lie within this 
radius. Regional features that are potentially capable of 
producing large earthquakes are too distant to affect design 
parameters at the site. 

Since there are no capable faults within the 65-km radius 
from the site, design parameters are not affected by the capable 
fault analysis. 

Recommended seismic design parameters 

This study recommends that the FE be adopted as the design 
earthquake for the Mexican Hat site. The FE has a magnitude of 
mb = 6.2. At 15 km (9.3 miles) from the site, this event would 
result in 0.21g of peak horizontal acceleration at the site. As 

~this event is not assigned to a specific source or source area, 
·recurrence, focal depth, and fault mechanism cannot be deter
mined. 

The acceleration derived in this report for the FE is a 
free-field acceleration, and site conditions (i.e., amount of 
alluvial cover, possible focusing, and the like) need to be 
considered during subsequent engineering efforts. 

Potential for on-site fault rupture 

As discussed above, there are no indications of any capable 
faults in the immediate site area. All mapped faults within the 
65-km radius from the tailings piles were carefully examined 
during the investigation and showed no indications of Quaternary 
movements. Bedrock is fairly well exposed over much of the site 
area, except in the deeper washes and areas of large dunes. The 
possibility that large faults have gone undetected is remote. 

Therefore, no evidence exists of any potential for on-site 
fault movements during the design life of the proposed facility. 

Potential liquefaction hazard 

A review of published earthquake reports by Youd and Hoose 
(1977) indicates that shallow, saturated, Holocene fluvial, 
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deltaic, and eolian deposits, and poorly compacted artificial 
sand fills have the highest susceptibility to liquefaction and 4lt 
subsequent ground failure. Holocene alluvial fan, alluvial 
plain, beach, terrace, and playa deposits were found to be less 
susceptible. Pleistocene sand deposits are generally even less 
susceptible, and glacial till, clay-rich, and pre-Pleistocene 
deposits are usually immune to liquefaction. The degree of 
sorting, the degree of compaction during sedimentation or con
struction, and the grain-size di stri buti on are major factors 
controlling liquefaction potential. The greater the sorting and 
the looser the packing, the greater the liquefaction potential. 
Most episodes of liquefaction have developed at relatively 
shallow depths (probably less than 30 feet) and in areas where 
the water table (free or perched) was within a few meters of the 
ground surface. 

The potential for liquefaction also depends on the degree 
of seismic shaking. The opportunity for ground fai 1 ure in a 
given area is a function of the seismicity of the area and the 
rate of occurrence of earthquake ground motions of sufficient 
materia 1 s. The maxi mum distance from a seismic source to 
potentially damaging ground failures as a function of earthquake 
magnitude was determined by Youd and Perkins (1978). Liquefac
tion is not likely to be produced by earthquakes of magnitudes 
less than about 5.0 or at a distance greater than 75 to 150 km 
(47 to 93 miles) from the hypocenter. 

The mapping and exp 1 oratory dri 11 i ng performed for this 4lt 
study do not indicate the presence of natural materials 
susceptible to liquefaction beneath the tailings piles. The 
piles are located primarily on bedrock of the Halgaito Tongue of 
the Cutler Group. Minor amounts of unconsolidated eolian sands 
may underlie the pile in places, but are not saturated. 

The recommended design earthquake is a magnitude 6.2 event 
occurring at a radial distance of 15 km from the site. Follow
ing the determination by Youd and Perkins (1978) cited above, 
this event should be considered capable of producing liquefac
tion at the site in susceptible materials. 

Reservoir-induced seismicity 

Published studies of reservoir-induced seismicity include 
reports by Carder (1945, 1970), the National Academy of Sciences 
(1972), Judd (1974), Mi 1 ne (1976), Gupta and Rastogi (1976), 
Stuart-Alexander and Mark (1976), Packer et al. (1979), and 
Meade (1982). 

A review of the previous literature by Meade (1982) 
indicates that the phenomenon occurs only in association with 
very deep reservoirs or reservoirs with very 1 arge storage 
capacity. Less than one percent of the world•s reservoirs have 
been associated with macroearthquakes (M~3.0) (Stuart-Alexander 
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and Mark, 1976).·;.·Table o~3.7'lists representative cases of 
reservoir-induced seismicity. 

There are no large reservoirs near the Mexican Hat site. 
Due to the lack of abundant surface water in the site region, 
there is no potential for development of future large reser
voirs. Reservoir-induced seismicity therefore does not present 
a potential hazard to site stability. 

The nearest large impounded body of water to the Mexican 
Hat site is Lake Powell, whose upper reaches are about 70 km to 
the west. At this distance, even a very large induced earth
quake would not produce an acceleration at the site greater than 
the design acceleration. At 50 km, induced seismicity would 
have to exceed magnitude 7.8 to produce a greater acceleration 
than the recommended 0.21 g. Furthermore, there are no known 
structures in the Lake Powell area which could be activated by 
crustal loading capable of producing an earthquake of this size • 
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Table 0.3.1 Existing aerial photography of the site area 

Location Type of photography 

BLM - Monticello, UT conventional 
scs - Kayenta, AZ conventional 
scs - Shiprock, AZ conventional 
SCS - Monticello, UT conventional 
USFS -

Notes: 

Monticello, UT conventional 

BLM - Bureau of Land Management. 
SCS - Soil Conservation Service. 
USFS - U.S. Forest Service . 

black-and-white 
black-and-white 
black-and-white 
black-and-white 
color 
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Approx. scale 

1:24,000 
1:24,000 
1:24,000 
1:24,000 
1:16,000 



Table 0.3.2 Probabilistic estimates of maximum acceleration, velocity, and 
intensity at the Mexican Hat site area from various published • 
sources 

Return Maximum 
period Maximum Maximum Modified 

or acceleration velocity Mercal i 
Source probability G-units cm/s Intensity 

Li u and 100 years 0.02-0.03a IV-V 
DeCa~ua 
(197 ) 

Alaermissen 90% 
an Perkins probability <0 .04b 
(1976) of not being 

exceeded in 
50 years 

Applied 
0.05C Technology 

Council 
(1978) 

Algermissen 90% 
et al. (1982) probability 

<0.04b <2 of not being 
exceeded in • 10 years 

Algermissen 90% 
- et al. (1982) probability <0.04b 2-3 

of not being 
exceeded in 
50 years 

Algermissen 90% 
et al. (1982) probability 0.07-0.10b 3-4 

of not being 
exceeded in 
250 years 

apeak horizontal {round acceleration. 
bMaximum accelera ion in rock. 
cEffective peak acceleration. 
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Table 0.3.3 Earthquakes of M?:,4.0 since 1960 in the Colorado Plateau 

Magnitude 
Date Time Location Depth Intensit~ 

YR MO DA HR MIN SEC LAT(N) LONG(W) km mb m, other 1 ocal 

1960 10 11 08 05 30.5 38.3 107.6 Montrose. CO (Colorado 5.5 VI 
Plateau/WMP Border Zone) 

1963 06 19 08 38 47.5 37.9 112.6 SW Utah (IMSB Border Zone) 33 4.2 

1963 07 07 19 20 42.4 39.5 111.9 Wasatch Zone. Utah 4.9 VI 
(IMSB.Border Zone) 

1963 07 09 20 25 27.5 40.0 111.2 Wasatch Zone. Utah 33 4.1 
(IMSB Border Zone) 

1963. 07 10 18 32 50.6 39.9 111.4 Wasatch Zone. Utah 
(IMSB Border Zone) 

33 4.2 v 

1963 09 02 17 40 15.4 39.6 110.1 EUT Coal Minin9 Belt 33 4.1 
(Mining-Induce ?) 

1963 09 11 11 59 41.0 33.2 110.7 Globe. AZ (AZ Border Zone) 33 4.2 
0 
I 1964 06 06 12 46 59.9 "39.4 110.2 EUT Coal Minin9 Belt 30 4.2 ........ (Mining-Induce ?) w 

1965 01 18 20 08 14.4 37.4 113.1 SW Utah (IMSB Border Zone) 33 4.0 IV 
1965 03 21 22 56 39.7 39.5 110.3 EUT Coal Minin9 Belt 4.0 IV 

(Mining-Induce ?) 

1965 03 26 00 51 24.5 39.5 110.3 EUT Coal Minin9 Belt 4.3 v 
(Mining-Induce ?) 

1966 01 23 01 56 38.0 37.0 107.0 Dulce. NM (RGR Border Zone) 14 5.5 VII 
1966 01 23 06 14 15.6 36.9 107.2 Dulce. NM (RGR Border Zone) 5 4.2 v 
1966 01 23 07 44 35.7 36.9 107.3 Dulce. NM (RGR Border Zone) 5 4.6 

1966 01 25 10 38 05.0 36.8 107.1 Dulce. NM (RGR Border Zone) 5 4.0 
1966 01 23 11 01 07.1 36.9 107.2 Dulce. NM (RGR ·Border Zone) 5 4.3 v 
1966 01 23 23 48 08.1 36.9 107.0 Dulce. NM (RGR Border Zone) 5 4.6 v 
1966 01 23 19 43. 19.7 36.9 107.1 Dulce. NM (RGR Border Zone) 5 4.5 v 
1966 04 23 20 20 54.5 39.2 111.4 Wasatch Zone. Utah 33 4.4 

(IMSB Border Zone) 



Table 0.3.3 Earthquakes of M~4.0 since 1960 in the Colorado Plateau (Continued) 

Magnitude 
Date Time Location Depth Intensit~ 

YR MO DA HR MIN SEC LAT(N) LONG(W) km m~ rna other 1 ocal 
1966 04 30 18 29 13.8 39.6 110.4 EUT Coal Minin9 Belt 3 4.0 v 

(Mining-Induce ?) 

1966 05 04 05 40 37.5 36.8 107.1 Dulce • NM (RGR Border Zone) 5 4.1 

1966 05 08 17 23 37.8 36.9 106.9 Dulce. NM (RGR Border Zone) 5 4.5 v 
1966 05 08 17 50 35.6 37.0 106.8 Dulce. NM (RGR Border Zone) 5 4.2 v 
1966 05 09 02 08 53.5 36.9 106.9 Dulce. NM (RGR Border Zone) 5 4.2 v 
1966 05 09 02 57 23.6 37.0 106.9 Dulce. NM (RGR Border Zone) 5 4.4 v 
1966 05 19 00 26 42.2 36.9 107.0 Dulce. NM (RGR Border Zone) 5 4.6 

1966 05 20 13 40 48.8 37.9 112.1 SW Utah (IMSB Border Zone) 18 4.3 

1966 06 02 21 59 11.5 36.9 107.0 Dulce. NM (RGR Border Zone) 5 5.0 VI 
1966 06 21 05 24 38.2 36.9 107.1 Dulce. NM (RGR Border Zone) 5 4.2 

0 1966 06 04 10 29 39.3 37.0 107.0 Dulce. NM (RGR Border Zone) 5 4.1 v I 
"'-J 
~ 1966 07 06 05 47 08.3 40.2 108.9 Rangely. CO (Oil & gas 5 4.5 v 

withdrawal ?) 

1966 09 04 09 52 34.5 38.3 107.6 SW CO (Colorado Plateau/ 33 4.2 
WMP·Border Zone) 

1966 10 03 16 03 50.8 35.8 111.6 Coconino Co •• AZ 33 4.4 v 
(AZ Border Zone) 

1966 12 16 02 00 44.0 37.0 107.0 Dulce. NM (RGR Border Zone) 33 4.2 

1967 01 06 15 41 15.5 36.9 107.0 Dulce. NM (RGR Border Zone) 33 4.3 v 
1967 01 12 03 52 06.2 39.0 107.5 SW CO (Colorado Plateau/ 33 4.4 v 

WMP Border Zone) 

1967 01 16 09 22 45.9 37.7 107.9 Silverton CO (WMP Border Zone) 33 4.1 v 
1967 02 15 03 28 03.6 40.1 109.1 Rangely. CO (Oil & gas 5 4.5 v 

withdrawal ?) 

1967 04 04 22 53 39.5 38.3 107.7 SW CO (Colorado Plateau/ 33 4.5 v 
WMP Border Zone) 

• • • 
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Table 0.3.3 Earthquakes of M~4.0 since 1960 in the Colorado Plateau (Continued) 

•!•' 

Magnitude 
Date Time Location Depth Intensit~ 

YR MO DA HR MIN SEC LAT(N) LONG(W) km mk rna other local 
1967 10 25 02 41 34.4 39.4 110.3 EUT Coal Minin3 Belt 4.0 v 

(Mining-Induce ?) 
1967 10 25 05 53 08.4 39.4 11'0. 3 EUT Coal Minin3 Belt 4.0 v 

(Mining-Induce ?) 
1968 01 16 09 42 54.2 39.2 112.0 Wasatch Zone, Utah 

(IMSB Border Zone) 
33 4.0 v 

1968 08 04 06 23 36.4 39.1 111.4 Wasatch Zone, Utah 
(IMSB Border Zone) 

15 4.0 v 

1968 08 29 09 31 48.1 39.5 110.2 EUT Coal Minin3 Belt 4.2 v 
(Mining-Induce ?) 

1968 09 24 02 10 51.8 38.0 112.1 SW Utah (IMSB Border Zone) 33 4.0 v 
1968 11 17 14 33 37.5 39.5 110.9 EUT Coal Minin3 Belt 6 4.6 v 

(Mining-Induce ?) 

0 
1969 03 13 07 03 14.8 39.4 110.2 EUT Coal Minin3 Belt 2 4.1 v 

I (Mining-Induce ?) 
-.....! 
U1 1969 05 23 05 24 53.6 39.0 111.8 Wasatch Zone, Utah 31 4.0 v 

(IMSB Border Zone) 
1969 12 25 12 49 10.1 33.4 110.6 San Carlos, AZ 15 4.4 5.1 

(AZ Border Zone) 
1970 02 03' 05 59 35.6 37.9 108.3 Paradox Basin, CO 33 4.0 v 

(Colorado Plateau Interior) 
1970 04 14 10 40 54.2 39.7 110.8 EUT Coal Minin3 Belt 13 4.2 

(Mining-Induce ?) 
1970 04 18 10 42 11.9 37.8 111.6 SW Utah (IMSB Border Zone) 10 4.4 

1970 04 21 08 53 52.4 40.1 ~08.9 Rangeley, CO 
withdrawal) 

(Oil & gas 4 4.3 3.9 v 

1970 04 21 15 05 47.5 40.1 108.9 Rangeley, CO (Oil & gas 4 4.6 v 
withdrawal) 

1970 05 23 22 55 22.4 38.0 112.3 SW Utah (IMSB Border Zone) 3 4.6 4.9 

1970 10 25 07 46 42.1 39.2 111.4 Wasatch Zone, Utah 5 4.3 v 
(IMSB Border Zone) 



Table 0.3.3 Earthquakes of M~4.0 since 1960 in the Colorado Plateau (Continued) 

Magnitude 
Date Time Location Depth Intensit~ 

YR MO DA HR MIN SEC LAT(N) LONG(W) km mh ma other 1 ocal 
1970 11 28 07 40 11.6 35.0 106.7 Albuquer~ue, NM 9 4.5 v 

(RGR Bor er Zone) 
1971 01 04 07 39 06.7 35.0 106.7 Albuquer~ue, NM 9 4.7 

(RGR Bor er Zone) 
1971 01 07 20 39 52.1 39.4 107.3 Colorado Plateau 33 4.3 3.8 

(WMP Border Zone) 
1973 07 16 06 36 i2.8 39.1 111.5 Wasatch Zone, Utah 10 4.2 

(IMSB Border Zone) 
1973 12 24 02 20 14.9 35.3 107.7 Mt. Taylor Region, NM 18 4.4 v· 

(RGR Border Zone) 
1975 01 30' 14 48 40.3 39.2 108.6 Grand Junction, CO 5 4.4 3.7 

(Colorado Plateau Interior-
Noncompahgre Uplift) 

c 1975 10 06 15 50 46.9 39.0 111.4 Wasatch Zone, Utah 005 4.2 3.2 II 
I (IMSB Border Zone) ...... 

0'1 1976 01 05 06 23 32.9 35.8 108.3 Crown Point, NM 25 
(RGR Border Zone) 

5.0 4.6 VI 

1976 02 04 00 04 58.1 34.6 112.5 Chino Valle1• AZ 12 4.9 
(AZ Border one) 

5.1 5.2 VI 

1976 02 09 03 07 22.0 34.6 112.5 Chino Valle1• AZ 10 4.6 3.3. 
(AZ Border one) 

1977 03 05 03 00 54.7 35.9 108.2 Crown Point, NM 22 
(RGR Border Zone) 

4.6 4.2 VI 

1977 09 24 11 16 48.4 39.3 107.3 Colorado Plateau/ 005 4.0 3.0 
WMP Border Zone 

1980 05 24 10 03 36.3 39.9 111.9 Wasatch Zone, Utah 005 
(IMSB Border Zone) 

5.0 4.2 v 

1980 05 14 05 11 04.1 39.4 111.0 Wasatch Zone, Utah 1 4.0 
(IMSB Border Zone) 

4.0 3.5 v 

• • • 



c 
I 

........ 

........ 

• • • 
Table 0.3.3 Earthquakes of M~4.0 since 1960 in the Colorado Plateau (Concluded) 

Date Time 

YR MO . DA HR MIN SEC LAT(N) LONG(W) 

•colorado Plateau Interior. 

Ref. NOAA earthquake data, NGDC/NOAA, 1985. 

EUT (Eastern Utah) 

Location 
Magnitude 

Intensity 

m, other local 



Table 0.3.4 Accelerations calculated for the site 

Maximum Distance 
Expected maximum peak 

hor1zontal acceleration 
Source/source area earthquake to site11 at the siteb 

Basin and Range 7 .6c 160 km less than 0.04 g 
(Intermountain Seismic Belt) (99 miles) 

Basin and Ranie of 7 .3d 270 km less than 0.02 g 
New Mexico - rizona (168 miles) 

Rio Grande Rift 7 .se 160 km less than 0.04 g 
(99 miles) 

Floating Earthquake for the 6 .2d 15 km 0.21 g 
Colorado Plateau Interior (9.3 miles) 

11 From edge of stab 1 e interior portion of Co 1 or ado Plateau bordering sei smo
tectonic province (i.e., source area). 

bCalculated from Campbell (1981), using formula for constrained ground accele-
ration, as a fraction of gravity (g). 

cfrom Bucknam et al. (1980). 
dThis study (Section 0.3.8.3). 
eKirkham and Rogers (1981). 
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Table 0.3.5 Estimated on-site accelerations resulting from MEs in remote 
seismotectonic provinces, subprovinces, or domains 

Source area 

San Francisco 
volcanic field 
fault .domain 

Intermountain 
Seismic Belt 

Rio Grande Rift 
Border Zone 

MP 

6.5 

7.5 

6.5 

Distance from 
site area 

50 km 

200 km 

125 km 

asee test for derivation of ME values. 

Peak horizontal 
acceleration expected 

at site (fraction 
of unit gravity)b 

0.06 - 0.07 

<0.018 

<0.01 g 

bUsi~g acceleration/attentuation relationship of Campbell (1981) . 
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Table 0.3.6 Compilation of mapped faults within a 65-km radius of Mexican Hat 

Ex ami ned b}': 

Fault/ 
low-sun-angle 

lineament Aerial Aerial Ground 
number Source recon. recon. recon. Comments 

1 Witkind and Thaden, 1963 X X Shorter than mapped. No Late Quaternary 
offset. 

2 This study X X Not faulted - lineament from exposure by 
erosion of resistant stratigraphy. 

3 Hackman and Wyant, 1973 X X No Late Quaternary offset. 

4 Cooley et al •• 1969 X No Late Quaternary offset. 

5 Haynes and Hackman, 1978 X No Late Quaternary offset. 

6 Haynes and Hackman, 1978 X No Late Quaternary offset. 

7 Hackman and Wyant, 1973 X X No Late Quaternary offset. 

8 Hackman and Wyant, 1973 X X No Late Quaternary offset. 
and this study 

c 9 Cooley et al •• 1969 X X X No Late Quaternary offset. 
I 

(X) 10 Hackman and Wyant, 1973 X X X No Late Quaternary offset. 0 

11 Cooley et al., 1969 X 
Hackman and Wyant, 1973 

X No Late Quaternary offset. 

12 Hackman and Wyant, 1973 X X No Late Quaternary offset. 

13 Hackman and Wyant, 1973 X X X No Late Quaternary offset. 
Haynes and Hackman, 1978 
Th1s study 

14 This study X X No Late Quaternary offset. 

15 Hackman and Wyant, 1973 X X No Late Quaternary offset. 
Haynes and Hackman. 1978 
Cooley et al., 1969 

16a Haynes et a 1 •• 1972 X X X No Late Quaternary offset. 

16b Haynes et al •• 1972 X X No Late Quaternary offset. 

17 Haynes et al •• 1972 X X X ·No Late Quaternary offset. 

18 Haynes et a 1 •• 1972 X X No Late Quaternary offset. 

• • • 
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Table 0.3.6 Compilation of mapped faults within a 65-km radius of Mexican Hat (Continued) 

Ex ami ned b}': 

Fault/ 
low-sun-angle 

1 ineament Aerial Aerial Ground 
number Source recon. recon. recon. Comments 

1 Witkind and Thaden, 1963 X X Shorter than mapped. No Late Quaternary 
offset. 

19 Cooley et al., 1969 X X No Late Quaternary offset. 
Hackman and Wyant, 1973 

20 Cooley et al., 1969 X X No Late Quaternary offset. 
Hackman and Wyant, 1973 

21 Cooley et al., 1969 X X No Late Quaternary offset. 
Hackman and Wyant, 1973 

22 This study X X X Not a fault-dike emplacement. 

23 Haynes et a 1 •• 1972 X X X Excavated scarps in resistant Rico Fm. 
ana this study 

c 
24 This study X X Excavated scarps in resistant Rico Fm. I 

()) 
...... 25 This study X X Possibly Quaternary displacement but 

probably erosion-exposed fault line. 
Not critical as length is only about 
12 km (7.5 miles). 

26 O'Sullivan & Beikman, 1963 X X No Late Quaternary offset. 

27 o•·sull ivan & Bei kman. 1963 X X No Late Quaternary offset. 
and this study 

28 This study X No Late Quaternary offset. 

29 This study X No Late Quaternary offset. 

30 Cooley et al., 1969 X X No Late Quaternary offset. 
Haynes and Hackman, 1973 

26 O'Sullivan & Beikman, 1963 X X No Late Quaternary offset. 

27 O'Sullivan & Beikman, 
and this study 

1963 X X No Late Quaternary offset. 

28 This study X No Late Quaternary offset. 

29 This study X No Late Quaternary offset. 
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Fault/ 
1 ;neament 

number 
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• 

Table 0.3.6 Comp;lat;on of mapped faults w;th;n a 65-km rad;us of Mex;can Hat (Concluded) 

Source 

w;tk;nd and Thaden, 1963 

Cooley et al •• 1969 
Haynes and Hackman •. 1973 

Aer; al 
recon. 

X 

X 

Exam;ned b.}': 
low-sun-angle 

Aedal 
recon. 

X 

X 

• 

Ground 
recon. Comments 

Shorter than mapped. No Late Quaternary 
offset. 

No Late Quaternary offset. 

• 



• Table 0.3.7 Selected cases of induced macroearthquakes 

Volume Lar~est 
Reservoir Location Depth, m x 106 , m3 eart quake 

Hoover (Lake Mead) U.S.A. 166 35,000 ML =5 .0 

Kariba Zambia/Rhodesia 122 175,000 mb=5.8 

Kremasta Greece 120 4750 M5 =6.3 

Koyna India 103 2780 M5 =6 .5 

Kurobe Japan 186 149 M5=4. 9 

Manic 3 Canada 98 10,423 mb=4.3 

Hsinfengkiang China 80 10,500 M5 =6 .1 

Nurek U.S.S.R. 215 11' 000 M5=4.5 

Ref . Adapted from Meade, 1982. 
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D.4 SITE FOUNDATION CHARACTERISTICS 

The parameters recommended for use in the design process with regard to the 
foundation material are summarized in Table D.4.1. It is recommended that the 
surface natural soils not be considered, since they are thin and of similar 
properties·to the sand tailings. Thus, only parameters for the siltstone/sand
stone are provided. Any parameters not provided should be determined by further 
laboratory testing or assumed to be some typical conservative value as found in 
the literature. 

D.4.1 FOUNDATION MATERIAL PROPERTIES 

D.4.1.1 In situ data 

In situ data from exploratory borings indicate that com
petent bedrock underlies the tailings and a thin (approximately 
one foot thick) natural soil veneer. Of 120 borings conducted 
by MSRD (Addendum D4) where samp 1 i ng was attempted at the 
soil/bedrock interface, all experienced sampler refusal. Of 
seven borings conducted by the TAC where sampling was attempted 
at the soil/bedrock interface, all experienced sampler refusal. 
Examinations of rock cores obtained during the TAC drilling 
programs indicate that it is appropriate to use typical proper
ties for the ~iltstone/sandstone bedrock in all analyses . 

D.4.1.2 Elastic parameters 

Table D.4.2 shows typical values of the ratio of the modu
lus of deformation (E) to the unconfined compressive strength 
(qu) for various sedimentary rocks, as well as typical values of 
unconfined compressive strength and Poisson•s ratio (Geodman, 
1980). The resulting calculated modulus of deformation is also 
presented. However, these values are not based on tests of the 
actual foundation materials at the site. The horizontal frac
turing and presence of clay zones will cause the rock mass to 
display anisotropic (most likely orthotropic) stress-strain 
behavior. 

Using the typical values presented in Table D.4.2 for the 
rock and typical values of the modulus of elasticity for clays 
(Duncan and Buchignani, 1976), it is possible to calculate 
the equivalent deformation modulus and Poisson•s ratio of the 
jointed rock mass using a procedure outlined by Goodman (1976). 
Using this method, it is estimated that the modulus of deforma
tion would be on the· order of 3.5 x 104 per square inch. One of 
the assumptions of this method is that Poisson•s ratio is 0.0. 
However, it is recommended that some small value (i.e., 0.001) 
be used to avoid computational difficulties in some theory of 
elasticity-based calculations . 
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0.4.1.3 Strength 

Testing of a siltstone sample from borehole HAT01-132 
indicated that the strength mobilized at failure can be des
cribed by an effective friction angle (¢) of 46° with no cohe
sion (see Figure 0.4.1 for a summary of test results). Typical 
values of ¢ for sandstones and siltstones reported by Goodman 
(1980) range from 27.8° to 45.2°. This would indicate that the 
test results are most likely not valid. It is recommended that 
an average value of 37° be used in design. Weaker clay zones 
are too deep to influence the stability of the pile. 
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Table D.4.1 Design parameters - foundation 

Material description 

Siltstone/sandstone 

Yd = Ys = 150 pcf 

; ' 

Design parameters 

Elastic parameters: 

E = 3.5 x 104 psi 
v = 0.001 

Shear strength: 

¢ = 37o 
c = 0 

Method of determination 

Calculated from typical 
values 

Average of typi ca 1 va 1 ues 

~· Table D.4.2 Typical properties of unfractured sedimentary rock 

Rock descriptions 

Modulus 
ratio 
qu/E 

Berea Sandstone 261 
Navajo Sandstone 183 
Tensleep Sandstone 264 
Hackensack Siltstone 214 
Monticello Dam 253 

Greywacke· 

Average 

aRef. Goodman, 1980 . 

Unconfined 
compressive 
strength 
(qu) (psi) 

. 
1.07 X 104 

3.10 X 104 

1.05 X 104 

1.78 X 104 

1.15 X 104 

D-89 

Modulus of 
deformation 
(E) 
(psi) 

2.79 X 106 

·s .68 x 106 

2. 77 X 106 

3.81 X 106 

2. 91 X 106 

3.59 X 106 

Poisson•s 
ratio 

0.38 
0.46 
0.11 
0.22 
0.08 

0.25 
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0.5 TAILINGS CHARACTERISTICS 

The results of the characterization efforts performed on the tai 1 i ngs 
materials at the Mexican Hat site prior to final design are presented in this 
section. For specific design parameters and material properties used in the 
final design, refer to Calculation 9-239-01-01 (Volume III, Appendix B) for the 
Mexican Hat materials and Calculation 19-349-04-01 for Monument Valley materials. 

0.5.1 MATERIAL PROPERTIES OF IN SITU TAILINGS 

Classification 

A total of 52 samples had grain size-distribution determinations 
made via sieve analysis (ASTM C136). Of these, 28 were further analyzed 
using the hydrometer method (ASTM 0422) to determine the grain size 
distribution of particles smaller than the No. 200 sieve (approximately 
0.127 mm). Where possible, the samples were classified from the grain 
size distribution and in several cases Atterberg limits (ASTM 04318) were 
determined to aid in classification. The results of these analyses are 
summarized in Table 0.5.1 and grain size distribution curves are 
presented in Addendum 05. 

The Atterberg limits test (ASTM 04318) is used to determine the 
water cqntents at which the soil behaves as a viscous 1 i quid, as a 
plastic material, and as a brittle solid. The lowest water content at 
which the soil behaves as a liquid is called the liquid limit (WL). At 
water contents below the liquid limit, the soil behaves as a plastic. 
The lowest water content at which the soil behaves as a plastic material 
is called the plastic limit (Wp). The liquid limit minus the plastic 
limit is defined as the plasticity index (PI), and is the range of water 
contents over which the soil reacts as a plastic material. 

Twenty Atterberg 1 imits tests were performed; the results are 
presented in Table 0.5.1. Only those soils which classify as slime 
(except for one foundation soil sample, HAT01-131 16.5 ft to 17 ft) were 
tested for Atterberg limits. The average slime soil has WL = 37, Wp = 22, 
and PI = 15, and classifies as CL (medium plasticity clay) in the USCS. 

One common indicator o'f a clay•s mechanical behavior is its acti
vity. Activity is defined as the PI divided by the percent of clay-size 
particles (<0.002 mm) (Lambe and Whitman, 1969). The average activity of 
the slimes (CL) is about 1.4. It is interesting to compare this with 
illite, which has an average activity of 0.9, and montmorillonite with an 
average activity of 7.2 (Lambe and Whitman, 1969). Thus, it is likely 
that the slimes will behave similarly to an illite (e.g., low to moderate 
shrinking and swelling due to changes in water content, moderate 
susceptibility to frost heave, and the like) . 
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Natural moisture content, specific gravity, and unit weight 

The average values determined from laboratory testing of natural 
moisture content, specific gravity, and unit weight have been selected 
for use as design parameters. 

The natural water content (W") was determined for 85 tailings 
samples. The results are presented in Table 0.5.1, while Figures 0.5.1 
through 0.5.14 show how water content varied with depth. The sands had 
an average moisture content of 18 percent, sand-slimes were found to be 
at an average moisture content of 21 percent, and slimes, W" = 37 percent. 
The slimes in the upper pile had a higher average moisture content (about 
54 percent) than did the slimes in the lower pile (about 34 percent). No 
direct measurements were made on sand tailings, but calculations indicate 
that the saturation is about 70 percent, while test results for 
undisturbed samples of sand-slime and slime indicated average saturations 
of 47 percent and 77 percent, respectively. (Calculations based on 
average properties indicate that sand-slime tailings may have an average 
saturation as high as 64 percent.) The saturation level of slimes varied 
greatly from a low of 29 percent to a high of 100 percent (Table 0.5.1). 

In addition to the activity of clay (mentioned earlier), another 
indicator of clay behavior is the liquidity index. The Liquidity Index 
is defined as the natural water content minus the plastic limit divided 
by the PI or 

wn - wp 
PI (Lambe and Whitman, 1969). 

This is a measure of how close the in situ soil is to the liquid limit. 
This can be an indicator of the stability of a soil, since the soil flows 
at the liquid limit, and thus may be susceptible to flow movement if sub
jected to a change in stress. The average slime sample had a liquidity 
index slightly greater than 1.0, and thus has an in situ water content 
slightly greater than the liquid limit. 

The specific gravities of the tailings soils were determined and are 
presented in Table 0.5.3. One sand sample tested had a specific gravity 
of 2.70 (quartz has an average specific gravity of 2.65) while both the 
sand-slime and the slime tailings have an average specific gravity of 
2.76 (illite hai an average specific gravity of about 2.73 - Lambe and 
Whitman, 1969). 

The in situ dry density was determined using Shelby tube samples of 
slime tailings. The values for in situ dry density, as determined from 
laboratory testing, are presented in Table 0.5.1. The average in situ 
dry densities of sand-slime and slime tailings were found to be about 
87 pounds per cubic foot (pcf) and 75 pcf, respectively. 

The SPT data can be used to estimate the relative density (Dr). This 
can then be used in conjunction with values for maximum and minimum den-

• 

• 

sities to calculate the in situ density of the sand and sand-slime • 
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. tailings. ,Laboratory tests (ASTM D4253 and D4254) of sand-slime tailings 
indicate an average maximum density of 100 pcf and an average minimum 
density of 75 pcf. Average SPT blow count for sand-slimes was approxi
mately nine, indicating a relative density of about 52 percent, and 
resulting in an average in situ dry density of about 86 pcf. This 
coincides with the values determined in laboratory tests of undisturbed 
samples of sand-slime tailings. 

Lambe and Whitman (1969) indicate va 1 ues of maximum and minimum 
densities for silty sands (SM) of 127 pcf and 87 pcf, respectively. The 
average SPT b 1 ow count for the sand tailings (SM) is about 12. This 
results in a Dr = 59 percent and a ca 1 cu 1 a ted i n-p 1 ace dry density of 
about 107 pcf. 

Usi~g the piezocone and lab test results, correlations between point 
stress and the relative density (Dr) of sands have been obtained by 
Robertson and Campanella (1984). These were used to estimate the rela
tive densities of the sand and coarse-grained sand-slimes. Piezocone 
test results (Addendum D6) indicate that the sands had an average Dr of 
58 percent, while sand-slimes had an average Dr of about 48 percent. 
Thus, using the same maximum and minimum densities used with the SPT 

;,;, data, the in situ dry density of sand tailings was again found to be 
about 107 pcf. The in situ dry density of the sand-slimes was calculated 
to be about 85 pcf, which is in agreement with both laboratory results 
and SPT estimates • 

Hydraulic conductivity 

The hydraulic conductivity (permeability) of the various soil layers 
is a necessary factor in determining groundwater flow patterns, and 
contributes to the analysis of settlements, slope stability, and 

·1 i quefacti on. 

Both constant head and triaxial permeability tests were performed on 
six Shelby tube samples. The results are presented in Table D.5.2. The 
one sand tailings sample tested showed a hydraulic conductivity of 1.2 x 
10·2 centimeters per second (cm/s) which, although on the high side, is 
within the expected range for sands (Lambe and Whitman, 1969). A sand
slime sample had a hydraulic conductivity of about 3.0 x IQ-6 and is about 
average for silty soils (Lambe and Whitman, 1969). The average hydraulic 
conductivity of the slime soils tested was 1.7 x IQ-6 cm/s. All four 
samples tested produced results that were close to this average. Again, 
this is well within the expected range for clayey soils (Lambe and 
Whitman, 1969). 

Although the values obtained for the hydraulic conductivity of the 
slime tailings are fairly consistent and are thought to be reliable, it 
is interesting and informative to compare the hydraulic conductivity of 
similar samples as calculated from consolidation tests. These calculated 
hydraulic conductivities are presented in Table D.5.2. Two slime 
samples, HAT01-126, 22.5 to 25 feet, and HAT01-136, three to 5.5 feet, 
had hydraulic conductivities of 6.1 x 10·7 cm/s and 1.3 x IQ-7 cm/s, 
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respectively, as determined in permeability tests. The hydraulic 
conductivity, as calculated from consolidation test data, averaged 9.2 x • 
lQ-8 cm/s and 7.9 x lQ-8 cm/s, respectively. The calculated values are 
about an order of magnitude less than the permeability test values. This 
would be expected since the consolidation test values reflect much higher 
confining pressures and 1 ower void ratios than those found in the 
tailings deposit, and thus tend to confirm the permeability test data for 
these two samples. 

Capillary moisture relationship 

Capi 11 ary moisture data are useful in determining the 1 ong-term 
moisture content of the soil, its wilting point, and can also be used to 
calculate the unsaturated hydraulic conductivity. 

The capillary moisture test is performed in order to determine the 
amount of water a soil can hold under a given pressure difference and 
thus indirectly measures the moisture content of the soil as a function 
of the capillary tensions developed within the soil matrix. Six 
undisturbed soil samples were tested and the results are presented in 
Figures 0.5.15 through 0.5.22. 

Consolidation parameters 

The most commonly used equation for calculating the consolidation 
settlement of a saturated soil layer is one adapted from the original 
differential equation developed by Terzaghi (Lambe and Whitman, 1969). 
This equation uses the coefficient of compressibility Cc, which is the 
slope of the void ratio (e) versus log of effective stress (log p•) 
curve, to estimate consolidation settlement. Znidarcic and Schiffman, 
date unknown, state that the simplified Terzaghi equation was developed 
by assuming that only infinitesimal strains will occur in response to the 
increased loading and ignoring the effects of the self weight of the 
soi 1 • A further assumption was that the coefficient of permeabi 1 i ty 
remains constant as the void ratio decreases during consolidation. These 
assumptions do not result in substantial differences in calculated 
settlements in most natural soil deposits. However, tailings may exist 
at relatively large void ratios. Thus, settlements can become a large 
percentage of original soil height. Therefore, tailings may violate the 
assumption of infinitesimal strains and can have such large void ratio 
changes as to cause permeability to decrease with decreasing void ratio. 

For use in the standard or infinitesimal strain consolidation 
calculations, Figures 0.5.23 through 0.5.32 are reproductions of the 
1 aboratory con so 1 i dati on curves. Data related to the 1 aboratory con
solidation tests and calculated values of the coefficient of consolida
tion and the secondary compression index are found in Table 0.5.3. 

Con so 1 i dati on tests indicate that the average overconso 1 i dati on 
ratio for slime tailings is about 3.5. To help determine whether the 
slimes are normally consolidated or overconsolidated, the undrained 
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~strength (Su) of the slimes ~ased"bn ~i~z6cone data was estimated to be 
about 1100 psf. Ifdhis value for Su is compared to that for the average 
normally consolidated clay (200 to 400 psf), it is evident that the 
piezocone data support the contention that the slime tailings are 
overconsolidated. 

Table 0.5.3 summarizes the various time rate settlement parameters 
obtained through consolidation tests performed in the laboratory on six 
samples of slime tailings and a sand-slime sample. 

The coefficient of consolidation (Cv) is used to estimate the percent 
of total consolidation settlement that will occur over a given time 
period following application of the load to the soil deposit. The value 
to be used in desfgn calculations must take into account the load applied 
to the soil, since Cv will change with loading. Thus, to estimate the 
va 1 ues of Cv for s 1 i mes ta i1 i ngs for use in design, the 1 aboratory
determined values of Cv for each load increment from one to 32 ksf were 
averaged for all slime samples for which Cv data were available • 

. Strength 

The shear strengths of the various soils in the tailings pile are a 
key aspect of slope stability analysis. To determine the shear strengths 
of the tailings, two types of laboratory tests were used: (1) the uncon
solidated-undrained, or "Quick" (Q) test; and (2) the consolidated
undrained test with pore pressure measurements, or "Rapid" (R) test. In 

~~ addition to the lab testing, empirical correlations between SPT, piezo
cone data, and shear strength parameters were used. 

The Q test is generally performed only on cohesive fine-grained, low 
permeability soils that are expected to show intermediate to long-term 
increases in pore pressures in response to loading. Since this test was 
performed on undisturbed soil samples that were not initially saturated, 
the sbear stress (r) vs normal effective stress (a') relationship is 
highly nonlinear. This nonlinearity is maintained until the stresses 
become high enough to drive all the air in the voids into the water, 
causing the soil to become 100 percent saturated. Thus, a "Q" triaxial 
test on an initially unsaturated sample will yield a value for both the 
friction angle(¢) and cohesion (C). 

When a sample that is completely saturated remains undrained during 
loading (Q test}, the normal effective stress remains zero since changes 
in stress are reflected only in increased pore pressures. If effective 
normal stresses go to zero in the Mohr-Coulomb equation, the only shear 
strength available to the soil is cohesion and, in a saturated clay 
sample, this value remains the same for all confining pressures near the 
in situ confining pressure. This value, known as the saturated-undrained 
(Su) strength, tends to increase linearly with depth in normally consoli
dated deposits. 

The R triaxial shear test is performed on a soil sample that is 
nearly 100 percent saturated. If the sample is not saturated as it comes 
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from the fi
1
eld; it is saturated in the testing apparatus by forcing • 

water, under pressure, through the sample until nearly 100 percent satu-
ration is reached. In this test both total· stress (c, ¢) and effective 
stress (c, ¢) parameters can be obtained. 

A summary of the Q and R triaxial testing results is presented in 
Figures D.5.33 through D.5.36. · 

D.5.2 MATERIAL PROPERTIES OF REMOLDED TAILINGS AND CONTAMINATED WINDBLOWN 
MATERIAL 

Relative density 

Samples from five test pits were tested to establish their maximum 
and minimum densities for use in relative density calculations. The 
results are presented in Table D.5.4. 

Moisture-density relationships 

To determine the compaction characteristics of the remolded tailings 
and contaminated windblown material, the standard Proctor compaction test 
(ASTM D698) was performed on a number of tailings samples excavated from 
test pits on the Mexican Hat tailings pile. 

The results of these compaction tests on various samples of sand- • 
slime and slime tailings are presented in Table D.5.4. Also presented in 
Table 0.5.4 are the physical characteristics of these samples, including 
grain size distribution, natural water content, Atterberg limits, 
specific gravity of solids, and uses classification. 

Hydraulic conductivity and capillary moisture relations 

Data presented by the U.S. Navy (1982) and Sowers (1979) indicate 
that silty sands and silts can be expected to have hydraulic conductivi
ties in the range of 10-2 to 10-6 cm/s. Si nee the recompacted tailings are 

. expected to have a large percentage of silt size particles, it is 
recommended that a hydraulic conductivity of 10-s cm/s be used in design. 

Portions of seven of the bulk samples were recompacted to approxi
mately 90 percent of standard Proctor maximum density in metal rings. 
Capillary moisture tests were performed on these specimens. The results 
of these tests are presented in Figures D.5.37 through 0.5.41. 

Shear strength 

An R test was performed on a specimen recompacted from a composite 
sample of sand-slime (obtained by combining test pit samples HAT01-001 
[o.o• - 1.5 1

] and HAT01-002 [3.0 1 
- 4.5•]). This sample was recompacted 

to a dry density of 90.2 pcf (Dr= 68 percent) in order to approximate the • 
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in-place densities of the sand and sand-slime (SM) tailings. These 
tailings are in such a loose state in situ that the laboratory could not 
successfully remold a specimen to the average in situ density. The test 
results (¢ = 31.7°, c = 0 in Figure 0.5.42) probably indicate the upper 
bound in situ strength of the sand and sand-slime tailings. as well as 
giving a good indication of the expected strength of the recompacted 
tailings . 
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TEST NUMBER 

LOCATION 
SAMPLE NO. 
DEPTH FT. 

WEIGHT-INCH 

DIAMETER-INCH 

WATER CONTENT-% 

DRY DENSITY-pet 
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TYPE OF SPECIMEN 

SOIL DESCRIPTION 
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-; 
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TRIAXIAL SHEAR TEST RESULTS 
HAT01-136 13 - 15.5 FT. 
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Table 0.5.1 Physical characteristics (tailings) 

Percent Passing 
In situ 

Description In situ In situ dry unit 
Boring Depth No. D.002 of water saturation Liquid Plastic Plasticity uses Liquidity Specific weight 
number (ft) No. 4 200 mm tailings content (%) 1 imit 1 imit index class Activity index gravity (pcf) 

HAT01-126 3-5.5 100 97 10 Slime 38.4 98.0 37 20 17 Cl 1. 70 1.08 81.7 
7-8.5 24.4 

15-17.5 100 83 12 Slime 34 24 10 Cl 0.83 52.1 
19-20.5 100 95 51 ime 39.4 
20.5-22 29.7 
22.5-25 100 85 12 Slime 46.3 83.0 37 30 7 Ml 0.58 2.33 67.4 
28-29.5 42.2 

HAT01-127 0-2.5 100 89 18 Slime 33.3 29.0 Ml 3.241 43.0 
5.5-7 9.8 

10-11.5 9.5 
14.5-16 100 79 Slime 31.0 28 20 8 Cl 1.38 
16-18.5 100 88 12 51 ime 71.7 100.0 36 24 12 Cl-Ml 1.00 2.819 58.5 
19-20.5 100 58 Sand-slime 19.3 Ml 
20.5-22 10.3 
25-26.5 48.0 

HAT01-128 0-1.5 100 90 15 51 ime 40.5 Ml 
3-4 67.8 50.3 

10.5-12 40.2 

HAT01-129 3-4 34.8 65.7 
c 7-8.5 100 87 8 Slime Ml 
I ...... 12.5-14 77.5 
~ 
~ HATOl-130 3-4 51.4 '56.4 

4-5.5 100 61 9 Sand-slime 49.8 
10-11.5 203.4 
12-13.5 33.2 

HAT01-131 10-12.5 100 93 9 51 ime 29.2 78.0 36 21 15 Cl 1.67 0.55 2.727 84 
15.5-16. 30.7 

5 

HAT01-132 1.5-4 100 92 12 51 ime 29.0 35 20 15 Cl 1.25 0.60 
7-8.5 100 74 Slime 22.5 

11.5-14 100 68 Sand-slime 16.2 
20-21.5 1g,a 
24.5-26. 100 74 11 Slime 40.9 25 19 6 Cl-Ml 0.55 3.65 

5 

HAT01-133 1.5-4 100 62 16 Sand-slime 35.6 93.0 2.682 84.2 
8.5-11 100 76 11 Slime 2.738 86.7 

14-15.5 21.3 
15.5-17 100 60 Sand-slime 14.7 

21.5-22. 24.9 
5 

27-28.5 100 96 12 Slime 40.3 47 25 22 Cl 1.83 0.70 
35.5-37 29.3 

• • • 
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Table 0.5.1 Physical characteristics (tailings) (Continued) 

Percent Passing In situ 
Description In situ In situ dry unit 

Boring Depth No. 0.002 of water saturation Liquid Plastic Plasticity uses Liquidity Specific weight 
number (ft) No. 4 200 mm tailings content (%) 1 imit limit index class Activity index gravity (pcf) 

HATOl-134 1.5-3 100 60 Sand-slime 13.3 
4.5-6 100 51 Sand-slime 8.1 

9-11.5 100 65 13 Sand-slime 12.3 36.0 ML 2.726 87.9 
14.5-16 12.4 
22-23.5 100 58 Sand-slime 
28-29.5 21.7 
35-37.5 100 61 Sand-slime 10.2 88.1 
42-43.5 100 54 Sand-slime 12.5 

HAT01-135 0-1.5 43.6 
3-5.5 . 100 93 Slime 27.2 63.5 ML 80.2 

. 8.5-10 100 38 Sand-slime 9.0 
13-14.5 6.0 
20-22.5 100 89 12 Slime 35.5 83.0 33 21 12 CL 1.00 1.21 80.5 
30-32.5 100 36 9 Sand-slime 12.6 36.0 SM 85.8 
35.5-37 33.0 

HAT01-136 3-5.5 100 99 12 Slime 35.2 81.0 42 23 19 CL 1.58 0.64 2.723 77.8 
7-8.5 40.2 

10-11.5 33.7 2.728 
13-15.5 100 96 9 Slime 48.8 100.0 51 24 27 CH 3.00 0.92 2.731 74.9 

0 20-22.5 100 96 12 Slime 38.8 40 23 17 CL 1.42 0.93 2.785 81.5 
I -HAT01-137 1.5-3 100 52 Sand-slime 11.0 
~ 6.5-9 100 98 14 Sli'me 43 21 22 CL 1.57 tn 

10.5-12 100 62 Sand-slime 16.9 
16.5-18 100 97 14 Slime 41.4 43 21 22 CL 1.57 .0.93 

HAT01-138 5.5-7 27.0 
10-11.5 100 91 14 Slime 39.8 38 21 17 CL 1.21 1.11 2.778 
13-14.5 35.9 
14.5-16 39.6 
20.5-22 100 70 Slime 20.1 25 19 6 CL-ML 0.18 
23.5-26 30.4 
29-30.5 38.1 
32-33.5 37.9 
35-37.5 100 88 12 Slime 35.4 54.0 37 23 14 CL 1.17 0.89 2.756 85.3 

HAT01-139 4.5-6 100 85 Slime 20.4 28 20 8 CL 0.05 
7.5-9 18.5 

10.5-12 100 65 Sand-slime 17.1 ML 
13.5-15 100 90 13 Slime 32.1 CL 
19.5-22 100 62 18 Sand-slime 9.7 ML 
25-26.9 33.7 



Table 0.5.1 Physical characteristics (tailings) (Concluded) 

Percent Passing 
In situ 

Description In sItu In situ dry unit 
Boring Depth No. 0.002 of water saturation Liquid Plastic Plasticity uses Liquidity Specific weight 
number (ft) No. 4 200 mm tailings content (%) limit 1 imit index class Activity index gravity (pcf) 

HAT01-181 0-1.5 100 66 Sand-slime 14.1 
4.5-7 100 67 Sand-slime 14.2 39.8 ML 85.8 
8.5-10 100 52 Sand-slime 12.6 

14.5-17 100 53 Sand-slime g,8 30.5 ML 90.2 
20-21.5 100 29 Sand 8.6 SM 
24.5-26 100 30 10 Sand 8.5 SM 2.703 
27.5-29 25.7 

AVERAGES: 

Sand 100 30 10 8.6 2.703 
(N=2) 

Sand- 100 58 13 16.1 47.1 2.760 87.0 
Slime 
(N=21) 

Slime 100 89 12 37.0 77.0 37 22 15 CL 1.37 1.07 2.757 75.1 
(N=27) 

0 
I ..... 
~ 
0"1 

• • • 
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Table 0.5.2 Hydraulic conductivity test results 

(undisturbed samples) 
(tailings) 

Dry 
water Saturabon 

content Sample unit 
(~ercent) (~ercent) 

Hydraulic Type 
Boring internal uses Tailings weight conductivity of 
number (ft) class type (pcf) Initial Final Initial Final (cm/s) test 

HAT01-126 15-17.5 CL Slime 52.1 84.7 81.4 100 100 1.8 X 10-6 T 
22.5-25 ML Slime 90.0 21.9 31.5 66.4 99.5 6.1 X 10-7 T 

HAT01-127 16-18.5 CL-ML Slime 58.5 71.7 71.9 100 100 4.2 X 10-6 c 

HAT01-133 1.5-4 Sand 84.2 35.6 33.6 93 87.8 1.18 X 10-2 c 

HAT01-134 9-11.5 ML Sand- 87.8 12.3 29.9 36 87 2.6 X 10-6 c 
slime 

CJ 
HAT01-136 3-5.5 CL Slime 75.3 49.9 42.8 100 100 1.3 X lQ-7 T 

I ..... 
~ T = Triaxial permeability test. ...... 

C = Constant head test. 
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Table 0.5.3 Consolidation test results (tailings) 

(undisturbed samples) ., 
... 
~ : 
'·~. In s1tu lmbal Rate of 

'.::: Sample Preconsolidation vertical Over- void Load Coefficient of secondary 
: .. Boring interval uses Tailings pressure stress consolidation ratio increment con soli dati on compression 

•• < number• (ft) class type (KSF) (KSF) ratio (e.) (KSF) (in2/min) (Ca)b . ' . ' 
; . -~· 

HAT01-126 3-5.5 CL Slime 1.3 0.3 4.3 1.052 0.25 0.021 0.0010 
.. · 1.00 0.019 0.0013 
::.· 2.00 0.087 0.0028 

4.00 0.042 0.0040 
8.00 0.040 0.0044 

16.00 0.036 0.0060 

•.:: HAT01-126 22.5-25 ML Slime 4.8 2.3 2.1 1.531 0.25 0.002 0 
·:, 0.50 0.019 0.0004 · ... 

I 1.00 0.010 0.0004 
,. 2.00 0.031 0.0016 
•' 4.00 ., 0.054 0.0026 ., 8.00 0.060 0.0055 ''i 

16.00 0.105 0.0070 

.\ 
0 HAT01-131 10-12~5 CL Slime 4.4 1.1 4.0 1.017 0.25 0.090 0.0006 ·. 
I 0.50 0.058 0.0002 ., ..... 

1.00 0.075 ~ 0.0009 
00 2.00 0.039 0.0020 

4.00 0.038 0.0038 .. 8.00 0.037 0.0060 
16.00 0.025 0.0120 
32.00 0.032 0.0080 

... 
HAT01-133< 8.5-11 ML Slime 3.3 1.0 3.3 

___ d 
-------Not calculated-------

. HAT01-136 3-5.5 (SM/ (Sand- 2.0 0.3 6.7 1.175 0.25 0.021 0.0015 
ML) slime) 

0.50 0.027 0.0024 
1.00 0.020 0.0044 
2.00 0.013 0.0105 
4.00 0.012 0.0056 
8.00 0.016 0.0085 

·: 16.00 0.015 0.0085 
32.00 0.022 0.0055 

• • • 
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Table 0.5.3 Consolidation test results (tailings) 

(undisturbed samples) (Concluded) 

In slfu ln1.bal Rate of 
Sample Preconsolidation vertical Over- void load Coetfi ci ent of secondary 

Boring interval uses Tailings pressure stress con soli dati on ratio increment consolidation compression 
number' (ft) class type (KSF) (KSF) ratio (e.) (KSF) (in2/min) (Ca)b 

HAT01-126 ·3-5.5 Cl Slime 1.3 0.3 4.3 1.052 0.25 0.021 0.0010 
1.00 0.019 0.0013 

HAT01-136" 13-15 CH Slime 2.8 1.0 2.8 1.268 0.50 0.052 0.0011 
1.00 0.062 0.0014 
2.00 0.150 0.0052 
4.00 0.072 0.0070 
8.00 0.024 0.0090 

16.00 0.059 0.0095 
32.00 0.042 0.0100 

HAT01-138" 35-37.5 Cl Slime 5.6 3.8 1.5 1.013 0.125 0.021 0.0009 
0.25 0.047 0.0010 
0.50 0.084 0.0011 
1.00 0.024 0.0011 
2.00 0.032 0.0011 
4.00 0.045 0.0025 
8.00 0.021 0.0075. 

16.00 0.033 0.0020 
32.00 0.036 0.0100 

'Tested submerged throughout test unless otherwise noted. 
bJhe coefficient of secondary compression referenced to stress can be calculated by multiplying the values referenced to strain by (1 +e.).
'Tested at in situ moisture content to 1 ksf then submerged. 
dNot available. 
•Jested at in situ moisture content throughout test. · 
() Indicates that classification was determined based on micrologs (visual classifications) of Shelby tubes at time of testing. 



Table 0.5.4 Physical properties and mechanical behavior 
(remolded tailings and windblown contaminated materials) 

Moisture-density results 
Sat. at 

opt. Relative Density ,, moist. 
Test Percent passing In situ Max dry Optimum and Min Max 
pit Depth Oescri pt ion water Liquid Plastic Plasticity uses Specific density moisture max. density density 

number (ft) No. 4 No. 200 0.002 mm of tailings content limit limit index class Activity gravity (pcf) (%) den. (pcf) (pcf) 

HATOI-001 0-1.5 100 47 12 Sand-slime 6.4 SM 2.681 99.8 17.7 70.1 77.5 97.5 
0-1.5-R 100 51 22 Sand-slime 8.1 2.740 100.6 16.5 16.5 

HATOI-002 0-0.5 100 63 11 Sand-slime 7.5 Ml 2.708 116.7 12.2 73.6 
(windblown) 16.5 16.5 16.5 16.5 

HATOI-003 0-3 100 100 14 Slime 54 22 32 CH 2.29 2.794 91.9 26.4 82.1 
1-2-R 100 100 21 Slime 46.8 2.790 95.1 25.9 23.3 
3-4-R 100 60 18 Sand-slime 17.7 2.850 93.8 23.6 23.3 

'/ 3-4 100 75 11 Slime 18.8 ML 2.773 96.3 23.3 81.0 

HATOI-004 2.5-6 100 96 14 Slime 19.1 ML 3.400 58.0 59.8 76.4 
2.5-6-R 93 63 17 Sand-slime 7.6 2.780 124.6 10.0 
6-7.5 100 61 10 Sand-slime 16.2 Ml 2.749 103.5 20.1 84.0 

6-7 .5-R 100 56 15 Sand-slime 19.9 2.880 99.1 21.8 

HATOl-005 3-4.5 100 42 9 Sand-slime 12.1 SM 2.716 106.3 16.7 76.2 73.0 101.5 
3-4.5-R 100 33.5 17 Sand-slime 9.3 2.790 105.2 11.1 11.1 

0 
I ...... 

R Indicates tests performed by a second laboratory on bulk samples collected from the same depths at the same pit and time. 0'1 
0 

• • • 
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D.6 BORROW MATERIAL CHARACTERISTICS 

D.6.1 DESIGN PARAMETERS 

The design parameters for both rock and radon barrier materials are 
presented in appropriate calculations for disposal cell design Volume 
III, Calculations - Geotechnical Analysis, Appendix B. 

The rock material is assumed to have an infinitely high permeability 
and to be relatively incompressible. Thus, these properties are not 
given in the table. 

D.6.2 EROSION BARRIER MATERIALS 

The erosion barrier materials will be obtained from the Bluff and 
Sugarloaf quarries. The materia 1 s from Bluff quarry are round river 
cobbles with rock quality scores (RQS) greater than 80 (see Calculation 
9-418-06-00, Appendix B, Volume II). These materials will be used as 
riprap types A, B, and bedding material. The materials from Sugarloaf 
quarry are composed of crushed limestone with RQS greater than 80 (see 
Calculation 9-418-04-00, Appendix B, Volume II). However, in the design 
calculations the RQS was conservatively assumed to be 65 (Calculation 9-
418-05-0, Appendix B, Volume II). Thus, material from this source will 
be oversized. The Sugarloaf quarry materia 1 wi 11 be used for ri prap 
types A, B, and C. 

D.6.3 RADON BARRIER MATERIALS 

Material properties for the radon barrier are described in 
Calculation 9-421-01-00, Appendix B, Volume II and in disclaimer 31 of 
Volume III of the Information for Bidders. 

The material will be obtained from the RB-4 and RB-7 borrow sites. 
The borrowed materia 1 wi 11 be amended with 10 percent bentonite by 
weight • 
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D.7.1 
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D.7 GROUNDWATER HYDROLOGY 

INTRODUCTION 

The EPA has established health and environmental protection 
regulations to correct and prevent groundwater contamination from former 
processing activities at inactive uranium milling sites {40 CFR Part 
192). According to the Uranium Mill Tailings Radiation Control Act 
{UMTRCA) {48 CFR 590), the DOE is responsible for assessing the pro
cessing sites. The DOE has determined this assessment for Subparts A and 
C of the proposed EPA groundwater standards shall include the following 
{DOE, 1988b): 

o Characterization of the hydrogeologic environment, i ncl udi ng 
hydrostratigraphy, groundwater occurrence, aquifer parameters, 
and areas of recharge and discharge. 

o Characterization of existing groundwater quality by comparison 
with background water quality and the maximum concentration 
limits {MCL) of the proposed EPA groundwater protection 
standards. 

o Definition of physical and chemical characteristics of the 
potential contaminant source, including concentration and 
leachability of the source in relation to migration in 
groundwater and hydraulically connected surface water. 

o Description of local water resources, including current 
and future use and value, availability, and alternative supplies. 

The EPA promulgated final groundwater protection standards for the 
disposal and cleanup of the inactive uranium processing sites under the 
UMTRCA on January 5, 1983: However, the groundwater provisions of the 
regulations {40 CFR Part 192.20{a){2)-{3)) were remanded to the EPA by 
the U.S. Tenth Circuit Court of Appeals on Septembe~ 3, 1985. The EPA 
issued revised groundwater protection standards to replace those set 
aside {52 CFR 36000) on September 24, 1987. 

The DOE has characterized conditions at the Mexican Hat and Monument 
Valley uranium mill tailings sites and assessed whether the remedial 
actions comply with Subparts A and C of the proposed EPA groundwater pro
tection standards. Remedial actions involving the codisposal of Monument 
Valley contaminated materials at the Mexican Hat disposal site would not 
preclude subsequent design enhancements if needed to achieve compliance. 
Also, they would not limit the selection of reasonable groundwater 
restoration methods under Subpart 8, should they be found necessary when 
the final standards are promulgated. Evaluation of cleanup and control 
of existing groundwater at the Mexican Hat and Monument Valley sites will 
be addressed under a separate process in accordance with the National 
Environmental Policy Act {NEPA) following promulgation of the final EPA 
groundwater standards • 
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0.7.2 SUMMARY- MEXICAN HAT DISPOSAL SITE 

o The Mexican Hat disposal site is underlain by the Halgaito Shale 
Formation of the Cutler Group. The Halgaito Shale Formation is com
posed of a varied sequence of interbedded, very fine-grained, silty 
sandstone and siltstone beds co•sullivan, 1965) and ranges from 50 to 
180 feet thick in the site vicinity. It is underlain by the Honaker 
Trail Formation of the Hermosa Group, which consists of more than 300 
feet of interbedded siltstones, 1 i mestones, sha 1 es, and sandstones 
(FBDU, 1981; Wengerd, 1973). 

o Perched water and unconfined groundwater related to uranium milling 
operations occur at depths ranging from 35 to 60 feet beneath the 
Mexican Hat tailings in the Halgaito Shale Formation. Water-bearing 
fracture density within the Halgaito Shale Formation decreases with 
depth in the tailings pile area, so that the bottom of the formation 
becomes an aquitard that confines naturally recharged groundwater in 
the underlying Honaker Trai 1 Formation. Recharge to the perched 
groundwater within the Halgaito Shale Formation occurs from tailings 
seepage and minor amounts of i nfi 1 trati on from precipitation, and 
flows in the arroyos within the vicinity of the tailings. Perched 
water and groundwater in the area of saturation within the Halgaito 
Shale Formation may spread laterally along layers with lower hydraulic 
conductivity that dip regionally to the east and southeast. It is 
assumed that the average hydraulic gradient is approximately equal to 

• 

the dip of the formation, 0.07. The average hydraulic conductivity of • 
the Halgaito Shale Formation is 0.20 foot per day (ft/day) (7 x 10·4 

cm/s). Assuming an effective porosity range of 0.1 to 0.25, the 
average linear groundwater velocity is 0.09 ft/day (0.03 meters per 
day (m/day)). 

o Naturally occurring groundwater within the Honaker Trail Formation 
flows under an average hydraulic gradient of 0.024 to the northeast. 
The Honaker frail Formation is recharged by groundwater underflow and 
discharges to springs and seeps in the Gypsum Creek or as groundwater 
underflow from the site. The average hydraulic conductivity of the 
Honaker Trail Formation is 0.07 ft/day "(2.5 X 10·5 cm/s}. Assuming an 
effective porosity range of 0.1 to 0.2, the average linear groundwater 
velocity is 0.01 ft/day (3 x 10·3 m/day). . · . 

o The perched water and area of saturation within the Halgaito Shale 
Formation are present predominantly as the result of milling acti
vities and drainage of the tailings. Consequently, there is no native 
groundwater and, thus, no "background" water quality data for the 
Halgaito Shale Formation. Fluids derived from tailings seepage 
sampled in monitor wells completed within the Halgaito Shale Formation 
have a relatively high total dissolved solids (TDS) content, with a 
mean·TDS concentration greater than 5000 milligrams per liter (mg/1). 
Maximum concentrations of chromium, molybdenum, uranium, nitrate, and 
uranium and the activity of net gross alpha exceed the proposed EPA 
MCLs. After the tailings have been reconfigured into a disposal cell 
and covered with a low permeability radon/infiltration barrier, and • 
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steady-state conditions are achieved, the tailings seepage to the 
Halgaito Shale Formation will become negligible. 

o Background water quality in the Honaker Trail Formation and associated 
seeps is characterized by maximum observed concentrations of arsenic, 
chromium, selenium, and uranium, and activities of net gross alpha and 
radium-226 and -228 that exceed the proposed EPA MCLs. A screening of 
Appendix VIII inorganic constituents identified antimony, copper, 
fluoride, nickel, vanadium, and zinc as hazardous constituents above 
detection limits. The lower Honaker Trail Formation also contains 
naturally occurring concentrations of hazardous constituents and 
hydrocarbons and hydrogen sulfide gas, which make this groundwater 
unsuitable as a groundwater resource. 

o No contamination of the Honaker Trail Formation has occurred from the 
Mexican Hat site because it is separated from groundwater within the 
Halgaito Shale Formation by a zone of low hydraulic conductivity in 
the basal portion of the Halgaito Shale Formation. Furthermore, an 
upward hydraulic gradient between the Honaker Trail Formation and the 
Halgaito Shale Formation prevents downward migration of tailings 
seepage into the Honaker Trail Formation. 

·~.o Inorganic hazardous constituents with MCLs that exceed the laboratory 
method detection limits. in tailings pore water include arsenic, 
barium, cadmium, chromium, lead (total only), mercury, molybdenum, net 
gross alpha, nitrate, silver, and uranium. For characterization pur
poses, mean or median tailings pore water quality data were compared 
to MCLs. Mean or median observed concentrations or activities of 
arsenic, cadmium, net gross alpha, and uranium in tailings pore water 
exceeded the MCLs. 

o Water discharges from seeps in the North Arroyo exhibit maxi mum 
observed concentrations or activities of molybdenum, net gross alpha, 
nitrate, and uranium above MCLs. Discharges from these seeps are from 
milling operations-related water. Discharges from Gypsum Creek seep 
GS-3 (254) may also be derived from milling operations-related water 
based on major cation/anion chemistry, elevated nitrate concentra
tions, and elevated uranium concentrations. 

o Discharges from seeps in Gypsum Creek are primarily from the upward 
movement of naturally occurring groundwater from either the Honaker 
Trail Formation or the Halgaito Shale Formation, based on major 
cation/anion geochemistry. However, five Gypsum Creek seeps exhibit 
concentrations of uranium elevated generally an order of magnitude 
above background. Therefore, these seeps may have a component of 
discharge derived from milling operations-related water. 

o Groundwater in the Halgaito Shale Formation and the Honaker Trail 
Formation in the vicinity of the Mexican Hat site is not used as a 
source of drinking water or for other domestic or beneficia 1 purposes. 
Groundwater has not been developed in the Halgaito Shale Formation be
cause of the limited areal extent of saturation in the site vicinity 
and the low-hydraulic conductivity of the member, which results in low 
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yields to wells. Groundwater within the Honaker Trail Formation has • 
not been·~eveloped because of poor water quality (hydrocarbons and 
hydrogen sulfide gas). Alternative supplies of good quality water are 
readily available from the San Juan River, which supplies the total 
water needs in the area. 

0.7.3 PREVIOUS INVESTIGATIONS AT THE MEXICAN HAT SITE 

Several investigators have reported on the hydrogeologic environment 
of the Mexican Hat tailings site. These studies include stratigraphic 
and geomorphic reconnaissance-level surveys, surface and subsurface 
radioactivity surveys, and preliminary water quality analyses. 

A radiation survey of the Mexican Hat· area was completed in 1968 
(Snelling; 1971). The study identified locations contaminated by wind~ 
blown tailings and uranium ore scattered during storage ·at the Mexican 
Hat mill. Radium-226 and -228 activities and natural uranium concentra
tions were measured in four surface water samples collected within the 
area of the tailings site. 

The EPA has reported on radiological sampling for the radium-226 and-
228 activities of the San Juan River water (EPA, 1973). Samples were 
collected over a 12-year period at locations both upstream and downstream 
of the Mexican Hat site. 

A very general survey of hydrologic and geologic characteristics of • 
the Mexican Hat tailings site was conducted by Fuhriman and Hintze 
(1976). Climatological data for the region were also reported. 

Water quality sampling for metals and radionuclides was conducted by 
Ford, Bacon & Davis, Utah Inc. (FBOU, 1981). Five surface water loca
tions were sampled, as were several locations from which sediment samples 
were collected and analyzed for radium-226 and -228 and selected heavy 
metals. 

Geochemistry and Environmental Chemistry Research, Inc. (GECR, 1982) 
conducted a fairly comprehensive sampling program in the area of the 
tailings site. Analytical results were reported for several surface 
water samples from the San Juan River both upstream and downstream of the 
Mexican Hat tailings site, for several surface water samples in the area 
of the tailings, and for water and acid extracts from solid samples taken 
within and adjacent to the tailings,pile. 

Chemical analyses of solid samples taken from within the tailings pile 
and be 1 ow the tailings-bedrock interface were reported from a survey 
conducted by Colorado State University (CSU, 1983a). 

0.7.4 DOE INVESTIGATIONS AT THE MEXICAN HAT SITE 

Hydrogeologic data including borehole logs, well completion records, • 
groundwater levels, aquifer test data, and water quality analyses were 
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collected ,at the Mexican H~t taiiirigs ~~te by the DOE from the fall of 
1984 to the present. All field and laboratory procedures and calcula
tions were performed according to the DOE•s standard operating proce
dures, which follows EPA guidance to the maximum extent possible (DOE, 
1985). 

Twenty boreholes were drilled to depths between three and 235 feet 
below land surface (bls) in the area of the Mexican Hat tailings site. 
Seven 2.0-inch diameter and three 4.0-inch diameter polyvinyl chloride 
(PVC) monitor wells were installed in the boreholes. These monitor wells 
range in depth from 12 to 200 feet bls. One well (907) was constructed 
using inflatable packers set at depths of 107 and 110 feet bls, with a 
0.75-inch steel riser pipe. Lithologic samples were obtained from all of 
the boreholes and geophysical logs were obtained from five of the bore
holes prior to abandonment. Each borehole was cemented from the total 
depth to slightly above the land surface during abandonment. The loca
tions of DOE monitor wells and abandoned boreholes described in the DOE 
investigation are shown on Figure D.7.1. Seep locations and remaining 
monitor wells are shown in Figure D.7.2. 

Fo 11 owing i nsta 11 ati on and development of the monitor we 11 s, slug 
t.;;-;,;,; withdrawal and packer injection tests were performed. to estimate the 
'"~ hydraulic characteristics of the saturated strata at the completed inter

vals of the wells. The completed wells were surveyed and groundwater 
levels measured to determine hydraulic gradients and groundwater flow 
directions. Information concerning DOE monitor well and borehole data is 
presented in Table D.7.1, and typical DOE monitor well construction is 

r ~hown on Figure D.7.3. 

Seeps in the vicinity of the Mexican Hat di sposa 1 ce 11 have been 
reported or observed prior to the start of the remedial action. Seeps in 
Gypsum Creek were eva 1 uated for both · surface. water and groundwater 
impacts during initial site characterization and were discussed in the 
remedial action plan for Mexican Hat (DOE, 1988c). They also were the 
focus of an on-site evaluation conducted by representatives of the DOE, 
TAC, NRC, and Navajo Nation in April 1989. 

The TAC and the RAC personnel have performed additional seep charac
. terization. Water samples from the seeps and other surface water bodies 

have been sampled and analyzed. Flow rates have been monitored at four 
. of the seeps. References to and previous observations of the seeps in 

the disposal site area were evaluated. The amount of water used during 
the remedial action was estimated and compared to the amount of water 
used during milling. The results of this characterization program were 
presented in a comprehensive report (DOE, 1990). 

D.7.5 GEOLOGY AND HYDROSTRATIGRAPHY 

The Mexican Hat tailings site is on outcrops of the Halgaito Shale 
Formation of the Cutler Group. The Halgaito Shale Formation is underlain 
by the Honaker Trail Formation (Figure D.7.4). At the site, these strata 
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dip three to four degrees eastward, toward the axis of the Mexican Hat 
Syncline (Figure 0.7.5). • 

The Halgaito Shale Formation is of Permian age and is comprised of an 
erratic sequence of thinly to thickly bedded, dark, reddish-brown· silt
stones, silty sandstones, and silty shales with thin, discontinuous beds 
of gray, silty limestone. A few thin, discontinuous clay layers were 
observed in severa 1 of the boreho 1 es. Prominent fracture sets are 
generally closely spaced, strike east, and have nearly vertical dips 
(Figure 0.7.5). 

The Halgaito Shale Formation crops out in areas of the site where soil 
or alluvial deposits do not occur. The Halgaito Shale Formation is 
reported to be up to 400 feet thick in the region (Witkind and Thaden, 
1963) and 50 to 100 feet thick in the area of the site (FBDU, 1981). The 
contact between the Halgaito Shale Formation and the underlying Honaker 
Trail Formation is gradational and indistinct. However, in some areas 
the top of the Honaker Trail Formation is marked by a thin fossiliferous 
1 imestone bed. 

The Honaker Trail Formation of the Hermosa Group is of Pennsylvanian 
age and underlies the Halgaito Shale Formation. It is visible in out
crops approximately one mile west of the site and in Halgaito Wash appro
ximately one mile southwest of Halchita. The Honaker Trail Formation is 
reported as a varied sequence of gray to white, fossiliferous limestone 
interbedded with gray, massive sandstone, thinly-bedded red sandstone, 
minor red shale, and mudstone (Witkind and Thaden, 1963). It is reported • 
to be not less than 300 feet thick in the area of the site (FBDU, 1981). 

On the basis of the reported stratigraphy in the area of the site; the 
shallow monitor wells are interpreted as being completed within the 
Halgaito Shale Formation. The deeper monitor wells, which encountered 
hydrocarbons, are interpreted as being completed within the upper Honaker 
Trail Formation. The deepest boreholes, which encountered hydrocarbons 
and hydrogen sulfide gas, are interpreted as intercepting the lower 
portion of the Honaker Trail Formation. The locations of hydrogeologic 
cross sections are shown on Figure 0.7.6; the cross sections are pre
sented on Figures 0.7.7, 0.7.8, and 0.7.9. The surface topography shown 
on the cross sections was deve 1 oped from the U.S. Geo 1 ogi ca 1 Survey 
(USGS} 15-minute topographic map of the Mexican Hat Quadrangle. Subsur
face lithologies were drawn from borehole logs and visual inspection of 
recovered core samples. 

0.7.6 PRESENCE AND MOVEMENT OF GROUNDWATER 

Halgaito Shale Formation 

Perched water and groundwater in an area of saturation downdip and 
down hydraulic gradient of the tailings occur under unconfined conditions 
within the Halgaito Shale Formation. This groundwater system occurs over 
a limited area and has formed as a result of seepage from the tailings 
piles during uranium milling operations. Most groundwater flow occurs in 

\ . 
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the shale Jn joints, bedding plari~s. and fractures that are near the 
surface. These secondary permeability features diminish with depth. 
Because the Halgaito Shale Formation has a relatively low primary permea
bility related to its interstitial porosity, it behaves as an aquitard at 
depths below 100 feet where the fracture density is very low. 

Relatively shallow perched water underlies at least a part of the area 
of the tailings site within the Halgaito Shale Formation. Deeper 
groundwater occurs within the Halgaito Shale Formation in an area of 
saturation downgradient of the site. Several borings both upgradient and 
off gradient of the site in the Halgaito Shale Formation were dry, sug
gesting that the area of saturation within the Halgaito Shale Formation 
is related to milling operations resulting from tailings drainage. 
Perched water, which is related to tailings drainage, occurs on top of a 
clay layer that is approximately 75 feet bls in wells 911 and 912. This 
clay layer was evident in the boring logs of wells 911 and 912 and does 
not extend to the northeast or southwest of the piles (Figure 0.7.9). 

.. The hydraulic gradient for unconfined groundwater surface in the 
(: Halgaito Shale could not be determined by creating a water table map, 
isince the monitor wells completed in this formation were screened across 
'· severa 1 different i nterva 1 s. In an unconfined system, the depth of 

screened intervals should be fairly uniform to ensure an accurate depic-. 
tion of the water table surface. Since a water table map could not be 
created, it was assumed that the direction of groundwater flow is down 
dip and the gradient is approximate to the dip magnitude. The resultant 

··gradient is 0.07, with a flow direction toward the east (Calculation HAT 
01-09-91-14-06-00, Appendix F). This assumption is reasonable since the 
groundwater flows above a zone of very low hydraulic conductivity within 
the basal section of the Halgaito Shale (Calculation HAT01-07-91-14-03-
00, Appendix F) and this zone most likely is oriented parallel to the dip 
of the entire formation. This is consistent with both the topography and 
the regional dip. 

There is no source of recharge to the Halgaito Shale Formation in the 
site vicinity other than tailings drainage related to milling operations. 
Precipitation on outcrop areas of the Halgaito Shale Formation and flows 
in the arroyo in which the tailings are located are probably insufficient 
to sustain saturati~n. For this reason, the Halgaito Shale is generally 
unsaturated regionally; however, some perched water and groundwater do 
exist within the Halgaito Shale Formation immediately below and down
gradient of the existing tailings piles. 

Honaker Trail Formation 

Groundwater in the Honaker Trail Formation occurs under confined 
conditions beneath the Mexican Hat tailings site. The Honaker Trail 
Formation aquifer is regionally extensive and is confined within the site 
vicinity by approximately 40 feet of low-hydraulic conductivity, unfrac
tured, well-consolidated siltstones, and shales of the Halgaito Shale 
Formation. There is a gradational and indistinct contact between the 
Halgaito Shale Formation and the Honaker Trail Formation. Inspection of 
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stratigraphic and structural relationships presented by Cooley et al. • 
(1969), Baars (1973), and FBDU (1981) were used to define the contact. 
The Honaker Trail Formation is considered to be the uppermost aquifer at 
the Mexican Hat site. 

The potentiometric surface of the Honaker Trail Formation is shown on 
Figure 0.7.10. The Honaker Trail Formation in the site vicinity is 
recharged by groundwater underflow. Groundwater within the Honaker Trail 
Formation flows toward the northeast, under an average hydraulic gradient 
of 0.024 (Calculation HAT-09-91-14-06-00). The Honaker Trail 
potentiometric surface rises above the fl oar of Gypsum Creek (Figure 
0.7.10), which indicates that groundwater from this formation may 
contribute to Gypsum Creek seep discharges. 

The presence of hydrogen sulfide gas within the lower Honaker Trail 
Formation prevented the completion of monitor wells deeper within the 
formation and the measurement of hydraulic gradients with depth. 

Vertical hydraulic gradients 

In the vicinity of monitor well 907, the Honaker Trail Formation is 
confined to the extent that there is artesian pressure (Figure 0.7.9). 
The vertical gradient between the Honaker Trail Formation and the 
Halgaito Shale Formation was determined with data from the monitor well 
pair 907 and 906 (Figure D. 7 .1) (Calculation HAT -01-09-91-14-06-00, 
Appendix F). Monitor well 907 is screened in the Honaker Trail Formation • 
and monitor well 906 is screened in the Halgaito Shale Formation. The 
vertical gradient between the Honaker Trail Formation and the Halgaito 
Shale Formation is approximately 0.09 upward. This upward gradient in 
the area of the Mexican Hat tailings piles would preclude the migration 
of contaminants into the underlying, confined Honaker Trail Formation 
beneath the disposal cell. 

The vertical gradient within the Halgaito Shale Formation in the 
tailings pile area was determined in a similar fashion with the monitor 
well pair 911 and 912 (Calculation HAT-01-09-91-14-06-00, Appendix F). 
The vertical gradient within the Halgaito Shale Formation ranges from 0.7 
to 1.0 downward in the area of the Mexican Hat tailings. 

0.7.7 HYDRAULIC CHARACTERISTICS 

A summary of the hydraulic characteristics of Halgaito Shale Formation 
and Honaker Trail Formation is presented in Table 0.7.2. Falling head 
slug-withdrawal tests were conducted in monitor wells and a packer test 
was performed in a boreho 1 e to measure hydraulic conducti viti es. A 11 
calculations are included in Appendix F. 
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Halgaito Shale Formation 
• •• 1, 

No previously published quantitative data are available for the 
Halgaito Shale Formation. Cooley et al. (1969) stated that 11 the rock 
outcrops in the area have low permeability and carry little or no water •11 

The Halgaito Shale Formation and the Honaker Trail Formation are not 
considered potentially potable aquifers with significant water-yielding 
capabilities in the area of the tailings site. This is evident from 
hydrogeologic exploration by previous investigators and the absence of 
producing water wells in the area of the tailings site (Denny, 1985; 
Little, 1985; May, 1985). 

The results of a slug test performed within monitor well 912 and a 
series of packer tests within monitor well 911 indicate relatively low 
hydraulic conductivities within a shallow, perched groundwater zone at a 
depth of about 70 feet bls within the Halgaito Shale Formation (Table 
D. 7 .2). Computed values of saturated hydraulic conductivity for the 
packer intervals over a 51-foot vertical section are presented in Table 
0.7.2. A decrease in hydraulic conductivity·over an order of magnitude 
with depth is apparent in monitor well 911 (Calculation HAT-07-91-14-03-
00). The lowest hydraulic conductivity, 0.014 ft/day (5 x 10·6 cm/s), 

.-x~ occurs in the i nterva 1 from 94.5 to 104.5 feet. This decrease in 
hydraulic conductivity is interpreted as representing the transition into 
a zone of low fracture density or into a zone of decreased fracture 
aperture. 

The average hydraulic conductivity of the upper unit, as calculated 
.from slug and packer tests conducted within wells 911 and 912, is 0.20 
ft/day (7 x 10·5 cm/s) (Calculations HAT-07-91-14-02-00 and HAT-07-91-14-
03-00) (Table 0.7.2). Assuming an average hydraulic gradient of 0.07, a 
range of effective porosities from 0.10 to 0.25 for the upper unit, and 
an average hydraulic conductivity of 0.20 ft/day (7 x 10·5 cm/s), the 
average linear groundwater velocity is 0.09 ft/day (0.03 m/day) (Calcula
tion HAT-09-91-14-06-00). The fracture flow velocity may be orders of 
magnitude greater than this average ve 1 oci ty, depending on fracture 
aperture and fracture wall roughness (Freeze and Cherry, 1979). 

Honaker Trail Formation 

Very limited previously published quantitative data are available 
concerning hydraulic characteristics for the Honaker Trail Formation (and 
the Halgaito Shale Formation) in the vicinity of the Mexican Hat tailings 
site. Groundwater was presumed absent beneath the site by Snelling 
(1971), Fuhriman and Hintze (1976), and FBOU (1981). A regional hydro
geologic study of the Navajo and Hopi Reservations (Cooley et al., 1969) 
reported no quantitative data on conditions within the Mexican Hat area 
due to a lack of producing water wells in the area. Woodward-Clyde Con
sultants (WCC, 1982) prepared a comprehensive report on the hydrogeologic 
characteristics for an area north of the Mexican Hat tailings site. 
Included in this report are analyses of drill stem tests conducted within 
the upper Honaker Trail Formation. An extremely low saturated hydraulic 
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conductivity of 2.1 x 10·6 ft/day (7.4 x 10" 10 cm/s) was calculated for an • 
interval within the upper Honaker Trail Formation (WCC, 1982). 

Slug tests were conducted in monitor wells 908, 909, 930, 934 and 935 
in the Honaker Trail Formation and analyzed by the Skibitske, Ferris
Knowles, and Cooper-Bredehoeft-Papadopolus methods (Bentall, 1963) that 
are applicable to confined groundwater systems. The average saturated 
hydraulic conductivity of the Honaker Trail Formation, as determined from 
slug tests conducted within wells 908, 909, 930, 934, and 935, is 0.07 
ft/day (2.5 x 10·5 cm/s) (Calculation HAT-07-91-14-02-00) (Table 0.7.2). 
Assuming an average effective porosity range of 0.10 to 0.20, and an 
average hydraulic conductivity of 0.07 ft/day, the average linear 
groundwater velocity in the Honaker Trail Formation is 0.01 ft/day (3 x 
10·3 m/day) (Calculation HAT-09-91-14-06-00}. 

The lower Honaker Trail Formation contains groundwater and naturally 
occurring hydrocarbon compounds under confined conditions and is an oil
producing horizon in the Mexican Hat oil field immediately north of the 
ta i 1 i ngs site (Wengerd, 1973} • At the Mexican Hat site, the 1 ower 
Honaker Trail Formation was penetrated by boreholes 908, 909, and 910. 
Inspection of the recovered core samples from these boreholes revealed 
sulfur and traces of oil coating fractures and vugs at depths between 125 
and 185 feet bls. Hydrogen sulfide gas was encountered at a depth of 
approximately 215 feet bls in borehole 910. Due to health and safety 
considerations involved in drilling through strata charged with hydrogen 
sulfide gas and the concomitant natural degradation of groundwater quali-
ty in this hydrocarbon-bearing zone, boreholes 908 and 909 were cemented • 
to a level substantially above the lower hydrostratigraphic unit. The 
lowermost portion of each borehole was sealed with bentonite before being 
completed as monitor wells within the upper Honaker Trail Formation. 
Borehole 910 was grouted through the total depth o.f the borehole and 
abandoned. Subsequently, a new borehole was located approximately 100 
feet south of the abandoned borehole and completed as well 910. 

As a result of the hazardous nature of this lowermost, deep, confined 
groundwater system, limited data were gathered, and only a qualitative 
assessment of the hydro 1 ogi c regime was made. - The presence of oil 
indicated that the overlying rocks are sufficiently low in permeability 
to trap the oil, indicating minimal hydraulic communication between this 
zone and the overlying hydrostratigraphy. The 1 ower Honaker Trail Forma
tion gives rise to occasional oil seeps where it outcrops along the banks 
of the San Juan River. Thus, the river is incised to an elevation at 
least equivalent to this zone, and any overlying hydrostratigraphic units 
cannot be hydraulically connected across the river because of topographic 
incision of the units by the river. 

0.7.8 BACKGROUND GROUNDWATER QUALITY 

This section discusses the existing groundwater qua 1 ity character
istics of the Halgaito Shale Formation and the upper Honaker Trail 
Formation at the Mexican Hat tailings site. Because the lower Honaker 
Trail Formation was found to contain naturally occurring, potentially • 
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hazardous accumulations of,,hydrogen,,sulfide gas, it was omitted from 
further data collection and discussion. · 

Halgaito Shale Formation 

Background water quality was characterized by analyzing constituents 
listed in lable 8.1 of the Technical Approach Document (TAD) (DOE, 1989) 
in Halgaito Shale monitor wells 910, 911, and 912. A statistical 
analysis of background water quality in the monitor wells could not be 
performed due to an insufficient number of samples collected prior to 
abandonment of these monitor wells because of construction activity. 

Exploratory drilling and installation of monitor wells has defined the 
occurrence of groundwater within the Halgaito Shale Formation at the 
Mexican Hat site. The occurrence of groundwater within the Halgaito 
Shale is erratic. Because exploratory drilling into the Halgaito Shale 
upgradient from the tailings site encountered no groundwater and no wells 
are developed in the Halgaito Shale Formation for any purpose, there was 

·: probably no saturation in the Halgaito Shale Formation prior to process
"{; i ng of urani urn at the Me xi can Hat site. 
~f 

Therefore, the DOE proposes that the background (baseline) water 
qua 1 ity of the Ha 1 gaito Sha 1 e Formation be defined as the existing 
groundwater quality found within this unit immediately underlying the 
tailings site. Groundwater derived from tailings seepage was sampled in 
monitor wells 911 and 912, which were completed within the perched water 
zone in the Halgaito Shale Formation directly below the disposal cell 
(Table D.7.3). These waters have a relatively high TDS content, with 
maximum TDS concentrations of 1960 mg/1 and 6670 mg/1 in monitor wells 
911 and 912, respectively. The pH ranges from 6.2 to 7.7 (Table D.7.3) 
A trilinear diagram of chemical composition of water samples collected in 
the vicinity of the Mexican Hat site is shown on Figure D.7.11. Ground
water from the Halgaito Shale Formation is classified as a calcium 
magnesium sulfate type. The sulfate (S04

2-) is derived from the acid leach 
process. The dominant cations, calcium (Ca2•) and magnesium (Mg2•), were 
released to the groundwater by neutralization of acidic 1 eachates by 
carbonates. This mechanism is supported by the higher concentrations of 
bicarbonate in this unit than are found in the native groundwaters of the 
Honaker Trail Formation. Stiff diagrams created for groundwater samples 
from the Halgaito Shale monitor well 912 show that Mg2• is the dominant 
cation, followed by Ca2+, then Na• plus K• (Figure D.7 .12). The dominant· 
anion is SOl-. 

Analyses of groundwater samples from the Halgaito Shale indicate that 
maximum concentrations or activities of chromium, molybdenum, net gross 
alpha, nitrate, and uranium have exceeded the proposed EPA MCLs (Table 
D.7.3). The mean uranium concentration for downgradient monitor wells 
911 and 912 is 0.53 mg/1. Nitrate concentrations in monitor wells 911 
and 912 averaged 8.0 mg/1 in 1985. In 1988, the mean nitrate concentra
tion in monitor well 912 had risen to 258 mg/1 • The mean ammoni urn 
concentration in 1988 was 50 mg/1 (Table D.7.3). A screening of Appendix 
IX. inorganic constituents .. identified aluminum, ammonium, antimony, 
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copper, fluoride, nickel, vanadium, and zinc as hazardous constituents • 
above detection limits. 

A screening of Appendix IX constituents in monitor well 912 found 
lindane at a concentration of 0.18 #g/1, which is three times the detec
tion limit. This organic compound is an insecticide and is unrelated to 
the milling process. It has not been detected in raffinate at active 
uranium processing sites (Smith, 1987). Methyl iodide also. appears to be 
present in concentrations approximately equal to the detection limit 
(5 #g/1). Generally, methyl iodide is not used in the uranium process 
and also has not been detected in raffinate at Title II uranium 
processing sites. 

A different type of water quality that may be less influenced by 
perched tailings fluids in the Halgaito Shale is defined by samples from 
monitor well 934, approximately 800 feet east of the tailings pile (Table 
D.7.4). This monitor well is screened in the Honaker Trail/Halgaito 
Shale contact zone. Water quality analyses suggest that groundwater from 
this low-yield monitor well is not milling-related, but is native ground
water in an isolated area in the Halgaito Shale or confined groundwater 
leaking upward from the deeper Honaker Trail Formation. TDS concentra
tions in monitor well 934 average approximately 26,000 mg/1, which is an 
order of magnitude higher than the TDS concentrations in monitor wells 
911 and 912 (Table D.7.3). The pH in monitor well 934 ranges from 7.7 to 
11.2. Groundwater from monitor well 934 does not plot with any other 
group on the trilinear diagram because of the high proportion of sodium • 
and chloride ions to other ions (Figures D.7.11 and D.7.13). Monitor 
well 934 is the only well at the site with such high proportions of 
sodium and chloride ions. The water quality of this monitor well could 
be influenced by highly soluble salts in brines from deeper zones in the 
Honaker Trail Formation. Concentrations of nitrate are detected at 
levels below the EPA MCL for nitrate. Ammonium is observed in concen-
trations less than 1.0 mg/1. Uranium concentrations are relatively low, 
wHh a maximum observed concentration of 0.048 mg/1. This is con
siderably less than concentrations observed in the tailings pore fluids, 
seeps SP-1 and SP-2, and Gypsum Creek seeps 922 and 924. 

Upper Honaker Trail Formation 

Background water quality was characterized by analyzing constituents 
listed in Table 8.1 of the TAD (DOE, 1989). For characterization pur
poses, background water quality of the Honaker Trail Formation can be 
characterized by describing an average concentration and a statistical 
maximum. The procedures for calculating average and statistical maximum 
concentrations are discussed in 11 Statistical Analysis of Groundwater 
Monitoring Data at RCRA Facilities-Interim Final Guidance .. (EPA, 1989) 
and are described in the TAD. Average concentrations of hazardous 
constituents are represented statistically by a mean or median; depending 
on the proportion of nondetects and whether the distribution is normal or 
nonparametric. The statistical maximum may be represented as the 98 
percent confidence maximum for normal or lognormal distributions or a • 
nonparametric confidence interval if the distribution is neither normal 
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nor log normal. In some cases, it is not appropriate to use statistics 
and the maximum observed •·concentration '''is chosen as a .. statistical 
maximum... In other cases, the statistical maximum may be the detection 
1 i mit. 

Background groundwater quality was established for the upper Honaker 
Trail Formation using water quality analyses for samples collected from 
wells 907, 908, 909, and 930. Samples from these wells are representa
tive of background water quality in the Honaker Trail Formation because 
the monitor wells are properly completed, are separated from tailings 
seepage in the Ha 1 gai to Sha 1 e Formation by the i nterva 1 of very 1 ow 
hydraulic conductivity at the base of the Halgaito Shale, and are hydrau
lically isolated by an upward hydraulic gradient between the Honaker 
Trail Formation and the Halgaito Shale Formation. A statistical analysis 
of background water quality in the Honaker Trail Formation that includes 
the minimum, mean, median, maximum, percentage of nondetects, the 99 
percent confidence interval, and other important stati-stical parameters 
is provided in Table 0.7.5. 

:~· Hazardous constituents with MCls that exceeded the 1 aboratory method 
'~~detection limits in the Honaker Trail monitor wells include arsenic, 
,~~: cadmium, chromium, molybdenum, net gross alpha, nitrate, radium-226 and 

-228, selenium, silver, and uranium~ Concentrations of elements included 
individually or as compounds that are listed as hazardous constituents in 
Appendix I of 40 CFR 192 and Appendix IX of 40 CFR 264 that exceeded the 
laboratory method detection limits include aluminum, fluoride, nickel, 
strontium, vanadium, and zinc • 

Maximum observed concentrations of six hazardous constituents equaled 
or exc~eded proposed EPA MCls in the Honaker Trail Formation groundwater. 
These constituents include arsenic, chromium, net gross alpha, radium-226 
and -228, selenium, and uranium (Table 0.7.5). The lower end of the 
98 percent confidence interval for these constituents by monitor well was 
compared with the MCL. According to 11 Statistical Analyses of Ground
water Monitoring Data at RCRA Facilities - Interim Final Guidance .. (EPA, 
1989), if the lower end of the confidence interval exceeds the MCLs, 
there is statistical evidence of an exceedance of the MCls. The lower 
end of the 98 percent confidence interval concentrations of these con
stituents do not exceed MCls in the Honaker Trail Formation. 

Major cation and anion chemical compositions of samples from monitor 
wells in the Honaker Trail Formation are plotted on a trilinear diagram 
on Figure 0.7.11 and the Stiff diagrams in Figure 0.7.14. The ground
water is classified as a sodium calcium sulfate type. Comparison of the 
Stiff diagrams indicates that the major element patterns are different 
for the groundwater from the two different formations. The dominant 
cations in the tailings pore water are calcium and magnesium. The cal
cium is from the San Juan feed water used in the milling process. The 
magnesium is from magnesium hydroxide, which was used to precipitate 
yellow cake from solution. The dominant cation in the Honaker Trail 
groundwater samples is Na+, followed by Ca2+, then lesser concentrations 
of Mg2+ (Figure 0.7.14). This differs from Halgaito Shale groundwater, 
which is primarily tailings pore water, where Mg~ is the dominant cation 

. ' " ' .. '- -

0-165 



and the Na+ concentration is generally less than the Ca2+ concentration 
(Figure 0.7.12). These major ion patterns prove very important in A 
placing limits on the source waters for the Gypsum Creek seeps. The mean ~ 
values of concentrations for both sulfate (2136 mg/1) and total dissolved-
solids (3467 mg/1) are naturally elevated. Groundwater within the Hona-
ker Trail Formation is classified as brackish and unsuitable for domestic 
drinking water. 

0.7.9 TAILINGS CHARACTERIZATION 

Approximately 2.2 million tons of ore processed from 1957 to 1965 at 
the Mexican Hat site produced 5, 700 tons of concentrate for an AEC 
contract. Much of the ore processed at the Mexican Hat mill contained 
large quantities of sulfides, some of which were consumed in a sulfuric 
acid plant at the site. Two separate piles occupied most of the site. 
The upper pile occupied approximately 25. acres and contained about 
833,000 cy of tailings in thicknesses up to 40 feet. The lower pile 
contained about 1, 623,000 cy of tailings on 43 acres with a maxi mum 
thickness of 55 feet. The surface of the upper pile was approximately 30 
feet higher than that of the lower pile. As part of the remedial action 
undertaken, the upper and lower piles have been consolidated into one 
pile. 

The physical properties of the existing tailings have been investi
gated by a number of geotechnical techniques, including grain-size dis
tribution (sieve and hydrometer analysis), determination of Atterberg 
limits, natural moisture content, specific gravity, unit weight, hydrau- ~ 
lie conductivity, and capillary moisture relationships (see Section 0.5, 
Tailings Characteristics). In summary, the existing Mexican Hat tailings 
are composed of a mixture of sand, sand-slime, and slimes. The average 
saturated hydraulic conductivities of samples of these three materials 
were calculated from laboratory test data as 1.2 x 10-z cm/s, 3.0 x 10·6 

cm/s, and 1.7 x 10·6 cm/s, respectively. 

The chemical characteristics of the Mexican Hat tailings were 
evaluated by pore water sampling with suction lysimeters. Four suction 

. lysimeters were installed in the tai.lings piles by the DOE in 1990 and 
sampled in 1990 and 1991. Some lysimeters produced water too turbid to 
be field filtered. In these cases, unfiltered samples were analyzed and 
the results were reported as total concentrations. Stiff diagrams of 
cations and anions in lysimeter samples are shown in Figure 0.7.15. 

Tailings pore water quality statistics by parameter for these lysi-
meters are presented in Table 0.7.6. Inorganic hazardous constituents 
with MCLs that exceed the laboratory method detection limits in tailings 
pore water are listed in this table. They include arsenic, barium, cad-
mium, chromium, lead, mercury, molybdenum, net gross alpha, nitrate, 
silver, and uranium. Radium-226 and -228 were not analyzed in tailings 
pore water. Based on analysis of tailings pore water from other UMTRA 
sites, radium-226 and -228 most likely exceeds the laboratory method 
detection limit in the Mexican Hat tailings pore water also. For 
characterization purposes, mean or median tailings pore water quality 
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data were compared to MCLs .. ,,Mean;.or~ median observed concentrations or 
activities ~f ars~nic, cadmium, net gross alpha, and uranium in tailings 
pore water exceeded the MCLs, as shown in Table D.7.6. 

Concentrations of elements listed individually or included in 
compounds that are listed in Appendix I of 40 CFR 192 or in Appendix IX 
of 40 CFR 264 that exceed the laboratory method detection limit include 
aluminum, ammonium, antimony, beryllium, cobalt, copper, fluoride, 
nickel, strontium, tin, vanadium, and zinc. The TDS concentrations range 
from 3540 to 6500 mg/1 (Table D.7.6). The pH of tailings fluids ranges 
from 3.0 to 6.6. Tailings pore fluids are a magnesium and calcium 
sulfate type water, as shown on Figures D.7 .11 and D.7 .15. Nitrogen 
species and uranium are general indicators of tailings pore fluids. The 
mean ammoni urn concentration is 18.47 mg/1 (range 7 to 94 mg/1). The 
median nitrate concentration is 1.3 mg/1 (range 0.22 to 6.5 mg/1). The 
mean concentration of uranium from the four lysimeters is 0.53 mg/1 
(range 0.0005 to 1.53 mg/1) (Table D.7.6). 

D. 7.10:1 EXTENT OF EXISTING CONTAMINATION 

Tailings seepage related to milling operations created a condition 
of saturation within the Halgaito Shale· Formation. As described in 
Section D.7.8, the existing water quality is defined as baseline water 
quality for the Halgaito Shale Formation. Therefore, no contamination 
of native groundwater has occurred within the Halgaito Shale Formation. 
However, water in the Halgaito Shale Formation exceeds the EPA MCLs for 
several .constituents, including chromium, molybdenum, net gross alpha, 
nitrate, and uranium. 

Contamination due to tailings seepage has not been detected within 
the Honaker Trail Formation or the San Juan River. Contamination due 
to tailings seepage has only been found in the Halgaito Shale Formation 
in the vicinity of ~he existing Mexican Hat tailings piles. 

D.7.11 GEOCHEMICAL CONDITIONS 

At the Mexican Hat site, potential evaporation exceeds 80 inches 
per year, while the annual rainfall is only six inches. Therefore, it 
is expected that there is little ongoing recharge to the piles, and the 
current seepage rate from the piles is very low. The majority of the 
contamination present in the soil and groundwater is due to drainage 
from the piles during active milling (1957 to 1965), when large amounts 
of water were used to pump the slurried tailings onto the piles. 

The Mexican Hat tailings are situated on outcrops of the Halgaito 
Shale Formation of the Cutler Group, which overlies the Honaker Trail 
Formation. These units are up to 180 feet thick in this area and the 
Halgaito Shale Formation is generally unsaturated (FBDU, 1981). The 
primary geochemical process affecting contaminants in seepage from mill 
tailings piles is neutralization of the acidic solution by reaction with 
carbonate minerals in the underlying sediment. This neutralization 
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causes precipitation of some contaminants. The concentrations of these • 
contaminants in groundwater decrease as they precipitate or are adsorbed 
onto the surface of aquifer matrix minerals. These geochemical pro- · 
cesses remove most radionuclides (radium and thorium) and metals (alumi-
num, iron, manganese, chromium, zinc, cadmium, and copper). In general, 
arsenic, uranium, selenium, and molybdenum remain in solution because 
they form relatively mobile anionic species in the oxidizing, alkaline 
environments characteristic of the sediment. As a result of the adsorp-
tion and precipitation processes, the rate of movement of these elements 
through the aquifer or soil may be retarded compared to that of the 
average linear velocity of groundwater. · 

The concentrations of major cations (calcium, magnesium, sodium, 
and potassium) moving through the subpile sediments will be affected by 
ion exchange between the water and mineral surfaces. Because one ion 
in solution is exchanged for another, the TDS level may not be signifi
cantly affected by ion exchange. 

Two contaminated wells (911 and 912 completed directly beneath the 
tai 1 i ngs pi 1 e) pro vi de a good i ndi cation of which contaminants are 
carried by the seepage from the piles. The water chemistry data for 
samples collected from below the tailings piles show that chromium, 
molybdenum, nitrate, uranium, ·and radionuclides that result in net gross 
a 1 ph a activity are moving through the Ha 1 gaito Sha 1 e Formation. The 
driving force moving fluids through the Ha 1 gaito Sha 1 e Formation is 
gravity drainage, and the source of water has been limited. There is 
no reason to believe that flow will continue indefinitely. Once the • 
tailings seepage has dispersed to the point where surface tension domi-
nates, flow will cease and vapor diffusion will allow the Halgaito Shale 
Formation to dry to natural conditions. There is no way to estimate the 
time required for this drying, but when this process· is complete, the 
di sso 1 ved components wi 11 be 1 eft in the i ntergranul ar void spaces 
within the Halgaito Shale Formation. 

Chemical analyses of soil samples taken beneath the tailings piles 
define the distribution of the contaminants beneath the pile (Shepard 
and Brown, 1983). Soil pH values show that the acid front extends no 
further than 4.5 feet beneath the pile into the underlying sediment. 
In this chemically affected zone, iron, aluminum, calcium, magnesium, 
and sulfate concentrations are higher than in sediment below this zone. 
Iron and aluminum have probably been precipitated as oxyhydroxides or 
hydroxysulfate minerals, and gypsum precipitates from calcium and 
sulfate. The relatively high solubility of gypsum allows the large 
amount of sulfate in the water samples from the wells beneath the piles.· 
Magnesium may coprecipitate as a component within the newly formed 
mi nera 1 s. The radi um-226 concentration was shown to decrease with 
migration into bedrock from approximately 300 pi cocuri es per gram 
(pCi/g) to less than 5 pCi/g within a three-foot interval beneath the 
tailings-bedrock interface (FBDU, 1981; ORNL, 1980). Radium is probably 
incorporated into the · gypsum formed in this neutra 1 i zati on zone. In 
summary, it appears (from soil chemical analyses at the Mexican Hat 
site) that some of the potential groundwater contaminants are immobi- • 
lized in the neutralization zone beneath the tailings piles. 
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D.7.12 CHARACTERIZATION AND ORIGIN OF SEEP WATER 

During initial site characterization, surface water was not 
reported in an arroyo just to the north of the Mexican Hat tailings 
piles (North Arroyo). However, in December 1989, after the start of 
remedial activities, seeps were observed in the North Arroyo. The RAC 
set up a program to characterize and monitor the seeps (MK-ES, 1990). 
In March 1990, two other seeps previously unreported were observed, one 
in a tributary to the North Arroyo and one in Gypsum Creek. A program 
was developed to characterize and monitor these seeps as well as all 
seeps in the site vicinity, and to determine their sources, if possible. 

D.7.12.1 Seep locations 

The Mexican Hat site is drained by several well
entrenched arroyos. The largest of these, Gypsum Creek, is 
approximately one-half mile east of the tailings pile. This 
wash drains north into the San Juan River. Another arroyo, 
north of the tailings pile, drains the Mexican Hat site. This 
arroyo, identified as the North Arroyo, gener~lly courses to 
the northeast and joins Gypsum Creek about 4000 feet northeast 
of the lower tailings pile. The locations of the major 
arroyos around the Mexican Hat site are shown in Fi.gure 0.7.2. 

Several seeps have been identified in the vicinity of the 
Mexican Hat site. These seeps are located either along the 
North Arroyo and Gypsum Creek or in minor tributaries to these 
drainages. Seep locations are also shown on Figure D.7.2. 

North Arroyo seeps 

Three seeps are located along the North Arroyo or its 
tributary, Gully No. 2. A brief description of the seeps 
follows. 

Seep SP-1 (water quality ID 251), which at this time has 
stopped flowing, is on the south bank of the North 
Arroyo. It is· approximately 400 to 500 feet north of the 
lower tailings pile, subparallel to the geologic strike 
of the bedding. Individual seeps occurred along a 200-
foot ·length, and several test pits were excavated to 
characterize the seeps (MK-ES, 1990). This seep (also 
identified as the French Drain Seep) is emanating from 
above a soft marl layer in the Halgaito Shale Formation 
just above the arroyo bottom. 

Seep SP-2 (water quality ID 249) is at the base of the 
southeast bank of Gully No. 2, approximately 800 feet 
northeast of the toe of the lower tailings pile and on 
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strike of the bedding. It is approximately 100 feet 
upslope from its confluence with the North Arroyo and the • 
retention dam containing contaminated surface runoff 
(Figure D.7.2}. Water is emanating from small fractures 
in a thin rock layer in the Halgaito Shale Formation just 
above the gully bottom. The face of this seep is about 
15 feet long. 

Seep SP-3 (water quality ID 255} is in the North Arroyo 
downslope from the retention basin embankment, approxi
mately 1300 feet north of the lower tailings pile. Water 
is ponding from the seep from the Halgaito Shale Forma
tion in the bottom of the arroyo and from surface runoff, 
which is retained by the embankment. 

Gypsum Creek seeps 

Along Gypsum Creek, six seeps have been identified. A 
brief description of these seeps follows. 

Seep 922 is in the floor of Gypsum Creek, about 2000 feet 
upslope from the confluence with the North Arroyo. The 
seep is approximately 2200 feet east of the disposal 
cell. During spring months, discharging water has been 
observed jetting up from the sandy floor of Gypsum Creek 
through fractures in the bedrock (DOE, 1989}. 

Seep 923 is in the floor of Gypsum Creek, approximately 
3100 feet upslope from the confluence with the North 
Arroyo. The seep is approximate 1 y 2400 feet east by 
southeast of the lower tailings pile. Discharging water 
has a 1 so been observed jetting up from the floor of 
Gypsum Creek during the spring. 

Seep 924 is in the floor of Gypsum Creek, just below the 
confluence with the North Arroyo. The seep is about 500 
feet upstream fr~m the confluence of Gypsum Creek and the 
San Juan River, and approximately 3500 feet north and 
downs 1 ope of the 1 ower ta i 1 i ngs pi 1 e. The seep is 
located subparallel (north 45 degrees east) to the 
bedding strike. 

Seep GS-1 (water quality ID 248} is on the west wall of 
Gypsum Creek, approximately 2200 feet northeast of the 
toe of the lower tailings pile. The seep emanates from 
a soft marl layer 15 to 20 feet above the floor of Gypsum 
Creek and extends for about 200 feet along the west wall 
of the wash. The direction of the seep from the disposal 
cell is subparallel to the geologic dip of the bedding. 
Sets of high-angle (nearly vertical} fractures with 
general strikes of north 85 degrees west occur at two
to three-foot spacings within the vicinity of the seep 
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and the site. The apparent dip of the bedding in this 
direction is approximately the same as the true dip (four 
degrees). 

Seep GS-2 (water quality ID 261) is on the east wall of 
Gypsum Creek, approximately 3000 feet east by southeast 
from the tailings ptle. The seep is emanating from a 
soft rock layer just above the creek floor and is 
approximately 100 feet long. 

Seep GS-3 (water quality ID 254) is in an arroyo that 
drains into Gypsum Creek from the south. The gully forms 
south of the tailings pile (Figure D.7.2). The seep 
originates between two rock strata and is about 10 inches 
in length. However, the efflorescence indicates that the 
seep previously occurred over 100 feet in length. 

In addition to the observed seeps, there are numerous 
surface expressions in the form of heavy vegetation or evapo
rites along distinct rock strata on both sides of the Gypsum 
Creek. Groundwater also discharges to a spring in Halgaito 
Wash, as noted on the U.S. Geological Survey map (Bluff 3 SW, 
7 . 5 Minute Quad.) (USGS, 1963) • The USGS has mapped the 
spring in the Halgaito Shale Formation close to the contact 
between the Halgaito Shale and the Honaker Trail. The DOE and 
TAC located an outcrop of Honaker Trail fossiliferous lime
stone approximately 1000 feet down wash from the spring • 
However, it is not known whether this water is derived from 
the Hal gaito Shale Formation or discharges upward through 
fractures connected to the Honaker Trail Formation, which has 
an artesian head. 

D.7.12.2 Seep identification and monitoring 

The seeps that have been identified in the vicinity of 
the Mexican Hat disposal cell have been reported and sampled 
by various researchers (DOE, 1990). Surface expressions of 
near-surface water (heavy vegetation) can also be identified 
in aerial photographs that have been taken at various times in 
the past. In response to seepage observed during remedial 
activities in December 1989, a more thorough investigation of 
the occurrence of surface water in the site vicinity was 
initiated. This has been a combined effort by the TAC and the 
RAC. The fo ll owing is a description of the reporting and 
monitoring ·of the seeps that have been performed to date. 

North Arroyo seeps 

Seep SP-1 (251). This seep was first noticed in December 
1989; a French drain was installed in February 1990 to 
collect water samples and measure flow rates (MK-ES, 
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1990). Earlier evidence of the occurrence of near
surface water in this location is the presence of 
vegetation, noted in aerial photographs taken as early • 
as 1974. The flow rate of the seep was first measured 
at 0.07 gpm; the flow subsequently decreased and stopped 
flowing in May 1990 (DOE, 1990). The seep resumed flow 
in 1991 at about the same time of year as first noticed, 
but subsequently stopped in June 1991. 

Seep SP-2 (249). A spring in the area of this seep was 
documented and sampled by Snelling in 1968 (Snelling, 
1971). No other observations were recorded prior to 
remedial activities. During the remedial action, this 
area was covered by the water ponded by the retention 
dam. In October 1987 when the retention basin was pumped 
dry, seepage water was noticed at the present location. 
Flow rates were measured in 1990 and 1991; initially, 
they were approximately 0.5 gpm and by mid-July 1990 had 
decreased to about 0.35 gpm (DOE, 1990). By August 1991, 
flow had decreased to 0.1 gpm. Currently, the seep is 
under water from the retention basin. 

Seep SP-3 (255) • Two different researchers sampled water 
from a pond at this location as early as March 1976. A 
seep at this location has been observed from 1988 through 
August 1990 (DOE, 1990). Heavy vegetation in this area 
also appears in aerial photographs taken in 1976 and 
1980. No flow rates have been taken. 

The seasonal variations in flow rates indicate that the 
seeps are naturally occurring. 

Gypsum Creek seeps 

Seeps 922 and 923. These seeps were first documented and 
sampled in 1980; they were subsequently sampled and 
included in the site characterization efforts performed 
by the TAC starting in 1985 (DOE, 1990). No flow rates 
have been measured. 

Seep 924. Seepage in Gypsum Creek in the vicinity of 
seep 924 was first documented and sampled in 1971. A 
seep in this location was sampled in 1976 and 1980 and 
was included in the TAC characterization efforts starting 
in 1985 (DOE, 1990). No flow rates have been measured. 

Seep GS-1 (248). This seep was first reported in 
February 1990. However, an eyewitness has stated that 
this seep, the GS-2 seep, and three other seeps in Gypsum 
Creek (presumably seeps 922, 923, and 924) have existed 
since the 1930s (DOE, 1990). Flow rates have been 
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measured since June 199p .and appear to be stable at 
approxim~tely 0.2 gpm. 

Seep GS-2 (261). This seep was first reported in April 
1989; however, as stated above, the existence of this 
seep on the opposite side of the wash from the disposal 
site has been reported since the 1930s (DOE, 1990). No 
flow rate measurements have been made. 

Seep GS-3 (254). This seep was first observed during a 
field investigation conducted in July 1990. An initial 
flow rate measurement was 0.004 gpm. 

D.7.12.3 Seep water quality characterization 

Since the identification of the seeps in the vicinity of 
the Mexican Hat site during December 1989, several series of 
samples have been collected for geochemical analyses. In 
addition, lysimeters and monitor wells were installed in the 
disposal cell. These have provided both individual and com
posite samples of the tailings pore fluids. In April 1990, 
the redox coup 1 es of i·ron and nitrogen were measured a 1 ong 
with dissolved oxygen and the redox potential. At this time, 
samples of the water from the tailings embankment and all of 
the seeps were co 11 ected for hydrogen/deuteri urn (H/D) and 
oxygen-18/oxygen-16 (0-18/0-16) analyses. Samples of the 
solid sulfate mineral efflorescence and sulfate that precipi
tated from the seeps and tailings pore fluids were collected 
for sulfur-34/sulfur-32 (S-34/S-32) and oxygen-18/oxygen-16 
(0-18/0-16) analyses. During the summer of 1988, several of 
the seeps in Gypsum Creek and monitor wells in the vicinity of 
the site were sampled for water quality and H/D, 0-18/0-16, 
and S-34/S-32 analyses. 

General chemistry 

Five basic water quality groups have been defined by 
ana 1 ys is of water samples at the Me xi can Hat site. · On a 
trilinear diagram (Figure D.7.11) and on Stiff diagrams 
(Figures D.7.12 ·through D.7.17), the analyses plot as 
discernible groups: 

o San Juan River samples 938 and 939 are mixed sulfate 
type. 

o Lysimeter samples 241, 242, 243, and 244 are a 
calcium sulfate type. 

o Monitor wells 911, 912, North Arroyo seeps SP-1, 
SP-2, and SP-3, and Gypsum Creek seep 254 are a mixed 
sulfate type with magnesium as the dominant .cation . 
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o Honaker Trail Formation background wells 907, 908, 
908, and 930, and Gypsum Creek seeps 922, 923, 924, • 
and 248 are a mixed sulfate type with a higher 
proportion of sodium and potassium. 

o Analyses of samples from monitor well 934 plot as a 
sodium chloride type water that is distinct from all 
other samples. 

Based on water quality type, it appears that perched 
groundwater beneath the tailings (Figure 0.7.12) is similar in 
water quality type to that which discharges from the North 
Arroyo seeps (Figure 0.7.16). 

A comparison of the TOS of the different water quality 
type groups (Tables 0.7.3 through 0.7.8) indicates that the 
tailings lysimeter water, North Arroyo seep water, Halgaito 
Shale groundwater downgradient of the tailings, and Gypsum 
Creek water are similar in TOS. The Honaker Trail ground
water, however, has an average TOS of approximately 1500 mg/1 
lower than the above groups. 

The water qua 1 i ty type of the Gypsum Creek seeps is 
similar to ~he background water quality type in the Honaker 
Trail Formation based on cation trends in Stiff diagrams 
(Figure 0.7.14 and 0.7.17). One exception to this relation
ship is seen in the Stiff diagrams of water from seep 254. 
The cation proportions in this seep resemble those seen in the 
Halgaito Shale monitor wells and in the North Arroyo seeps, 
indicating that a significant component of tailings pore water • 
contributes to seep 254 discharge. 

Hazardous constituents 

Constituents that appear to be indicators of water 
contamination resulting from uranium processing activities at 
the Mexican Hat site are uranium and _species of nitrogen 
including ammonium and nitrate. Although background ground
waters also contain these constituents, the concentrations are 
significantly higher in contaminated waters. 

All the seeps in the site area except 923 and 261 have 
uranium concentrations that exceed the MCL. Seeps in the 
bottom of Gypsum Creek and seep 251 in the North Arroyo all 
exceed the MCL by about an order of magnitude. Seeps on the 
west side of Gypsum Creek (GS-1 and GS-3; 248 and 254, 
respectively) and seeps SP-2 (249) and SP-3 (255) in the North 
Arroyo have uranium concentrations that are 10 to 20 times the 
MCL (Tables 0.7.7 and 0.7.8). 

Three of the site vicinity seeps that have uranium 
concentrations similar to background groundwater in the 
Honaker Trail Formation are GS-2 (261) and 923 in Gypsum Creek 
and the Halgaito Wash spring (256). Conce~trations of uranium 
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in GS-2 (261) ranged from 0.014 to 0.046 mg/1 (Table 0.7.8) . 
. .... Recent sampling '"of Halgaito ·wash spring, approximately two 

miles southwest of the site, showed uranium concentrations of 
0.017 mg/1. Concentrations in Gypsum Creek seep 923 were 
detected at 0.021 and 0.020 mg/1 in two sampling rounds. All 
three of these seeps discharge water with urani urn 
concentrations below the EPA MCL. 

Waters contaminated by uranium milling processes at the 
Mexican Hat site generally have high nitrate and/or ammonium 
concentrations. The ammonium concentrations in tailings pore 
fluids (7 to 94 mg/1) are generally higher than the nitrate 
concentrations (0.22 to 6.5 mg/1). Once these fluids leave 
the pile they become more oxidized, leading to higher nitrate 
concentrations. Waters sampled below the pile in well 912 
have nitrate/ammonium ratios. of 5:6 by weight. The seep 

r. directly downgradient from the toe ditch of the disposal cell 
has similar nitrate/ammonium ratios. Seeps that are farther 
from the cell have very little ammonium but significant 
concentrations of nitrate. The highest nitrate concentrations 
occur in seep GS-3 (254) in the South Side Arroyo, with con
centrations up to 1000 mg/1 (Table 0.7.7). Seeps in the North 
Arroyo show nitrate concentrations in the range of 100 to 400 
mg/1. The seeps in the bottom of Gypsum Creek generally have 
nitrate concentrations bel ow the MCL except for one-time 
exceedances in seep 922 (338 mg/1) and 253 (36.7 mg/1) (Table 
0.7.8). Overall, these data lead to the conclusion that the 
seeps in the North and South Arroyos clearly show nitrate 
contamination from the site, while the Gypsum Creek seeps only 
occasionally show evidence of nitrate contamination. 

Of the other hazardous constituents with MCLs, silver, 
arsenic, cadmium, mercury, and lead show concentrations that 
are below the respective MCLs in all seeps. There was only 
one exceedance for chromium (in seep 922). Molybdenum shows 
concentrations above the MCL in three $eeps (SP-1, 924, and 
253). All of these seeps are on the northern boundary of the 
site area. The concentrations in SP-1 (251) range up to 0.45 
mg/1, but they are less than 0.20 mg/1 in the other seeps. 
The MCL for selenium is exceeded in most of the seep waters, 
including those that represent background waters. However, in 
only one seep are the exceedances outside the range observed 
in background groundwaters (e.g., well 909). In this see~ 
(GS-1; 248), exceedances are up to 32 times the MCL. Whether 
these exceedances are due to natural variations in the 
background concentrations or due to mi 11 i ng operations is 
uncertain. The MCL for radium-226 and -228 was exceeded only 
once in seeps GS-3 (254), GS-2 (261), and 923. The measured 
activities exceeded the MCL by less than a factor of two. The 
MCL for net gross a 1 ph a is exceeded in most of the seeps, 
except 923 and 261 in Gypsum Creek in the southeastern portion 
of the site area . 
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Stable isotopes 

Sulfur and oxygen isotope data for sulfate minerals and 
dissolved sulfate in seeps, selected monitor wells and tail
ings pore fluids are presented in· Table 0.7 .9. The bedded 
gypsum within the Halgaito Shale and dissolved sulfate in 
monitor well 930, completed in the Honaker Trail Formation, 
are significantly heavier in isotopic ratios than the other 
samples. A sample of efflorescence on the tanyon wall was 
co 11 ected from be 1 ow the bedded gypsum. This samp 1 e is 
i sotopi ca lly 1 i ghter (3 per mi 1) than the bedded materia 1 
about four feet higher in the section. The isotopically 
lightest gypsum came from fracture fillings in a very short
lived Gypsum Creek dry seep (262) in the west wall of Gypsum 
Creek. The dry seep appears to be in a 1 i gnment with the 
disposal cell along the major fracture set. The solid sample 
collected from seep GS-1 (248) lies between the relatively 
light isotopic ratios of dissolved sulfate and the heavier 
isotopic ratios of bedded gypsum in the wall of Gypsum Creek. 

The dissolved sulfate in tailings pore fluids collected 
from the lysimeters have oxygen isotopic ratios that are 
lighter than the isotopic ratios obtained from analyses of 
gypsum salts and efflorescence along Gypsum Creek and dis
solved sulfates in monitor well 930. The lysimeter samples 
and samples from monitor well 912 (completed in the Halgaito 
Shale beneath the tailings) show sulfur isotope ratios in 
relatively wide range (five to eight per mil). The San Juan 
River water is the isotopically lightest in sulfur of all of 
the samples. It is quite possible that bacterial activity has 
preferentially removed some of the light isotopic sulfur from 
the tailings pore fluids. Bacteria prefer to consume S-32 
over the heavier S-34. As stated previous 1 y, the i sotopi ca 11 y 
heaviest dissolved sulfate sulfur (15.1 per mil) came from 
monitor well 930, which is considered background for the 
Honaker Trail Formation. · 

In sununary, the samples from the lysimeters, monitor well 
912, and the nearby north arroyo seeps are isotopically 
lighter than samples from the Gypsum Creek seeps. This pro
vides evidence that the Halgaito Shale Formation groundwater 
beneath the tailings and the North Arroyo seep discharges are 
contaminated with tailings pore water. The Gypsum .Creek seeps 
form a sample population (9.9 per mil < S34S < 10.5 per mil) 
that lies between the Honaker Trail 9roundwater (S34S = 15.1 
per mil) and the tailings pore water (S34S in the range of 5.5 
to 8.1 per mil). This provides evidence of mixing of the two 
waters. 

Hydrogen and oxygen isotope data for selected water 
samples in the vicinity of the Mexican Hat tailings are 
presented in Table D. 7.10. A 11 of the samples collected. 
including San Juan River water, lysimeter pore fluids, and 
seep water, plot very close to the meteoric water line on a 
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delta deuterium (D) versus delta 0-18 graph. This confirms 
~·that the isotopes have not been influenced by geochemi ca 1 
processes that wou 1 d cause an enrichment of the isotopic 
ratios of hydrogen relative to oxygen. 

Potential sources of seep water 

Water emanating from the seeps in the vicinity of the 
Mexican Hat disposal cell could potentially be: 1) from 
naturally occurring discharge; 2) from the milling operations; 
3) construction-related from the remedial action; or 4) a 
combination of the above. Because of the widespread occur
rence of the identified seeps in the area, there is probably 
not just one source for all seeps. 

Seeps and springs in arid environments,, especially where 
the land surface is incised by canyons or washes, are natural 
responses to the local geologic, climatic, and hydrologic 
conditions. Examples are provided by the spring in Halgaito 
Wash, the GS-2 seep, and the long-term existence of seeps in 
Gypsum Creek, as reported by area residents. These seeps may 

,be ephemeral or perennial, depending on the specific condi
tions. Detailed characterization and long-term monitoring 
would be required to determine the controlling conditions. 

As described in Section D.7.12~3, the seeps in Gypsum 
·~ Creek have similar major cation and anion proportions to those 

observed in background Honaker Trail Formation monitor wells. 
Also, the potentiometric surface of the Honaker Trail is 
higher in elevation than the floor of Gypsum Creek (see Sec
tion D.7.7). Because of the upward gradient of the confined 
groundwater in the Honaker Trail Formation, there is the 
potential. for discharge where fractures occur in the overlying 
confining 1 ayers and the 1 and surface has been incised. 
However, native Halgaito Shale background groundwater (if it 
exists) has not been sampled, and comparisons between this 
water and Gypsum Creek seep water have not been made. There-

. fore, groundwater from the Honaker Trail Formation or back
ground groundwater from the Ha 1 ga ito Sha 1 e Formation most 
likely provides the greatest contribution to seep discharges 
in Gypsum Creek. Seep GS-3 (254) is an exception, however. 
Water from this seep resemb 1 es North Arroyo seep water in 
major cation and anion proportions, nitrate concentrations, 
and uranium concentrations. Therefore, milling operations
related water most likely provides the greatest contribution 
to discharges from this seep. 

A considerable amount of water was used at the processing 
site during the milling operations from 1957 to 1965. To 
slurry the 2.2 million tons of tailings materials and form the 
two piles, approximately 14 million cubic yards (8,640 acre
feet) of water were used (DOE, 1990). After the milling 
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operations stopped, both the upper and lower piles continued 
to pond water periodically from precipitation and surface • 
runoff; this would add to the amount of water that could 
infiltrate into the bedrock. As stated previously, perched 
groundwater was found in the Halgaito Shale beneath the site, 
which was the result of the milling operations. 

During the second phase of the remedial action, an 
estimated 154 acre-feet of water was pumped from the San Juan 
River for use in construction. Most of this water was used 
for dust control or haul road construction. The pan 
evaporation for the Mexican Hat area is estimated to be about 
85 inches per year (DOE, 1990). Because of this high 
evaporation rate, very little water used for dust control at 
the site should have contributed to deep infiltration. 
However, the estimated annual infiltration rate over 
contaminated areas is 10 acre-feet per year (DOE, 1990). 

The most significant contribution of water to deep 
infiltration from remedial action activities at the site would 
be from consolidation of the disposal cell and pond leakage. 
Based on the settlement contours of consolidation (DOE, 1990), 
it is estimated that approximately five acre-feet of water 
have infiltrated into the underlying bedrock. Water loss due 
to pond leakage was estimated to be 24 acre-feet (DOE, 1990). 
Not a 11 1 eakage water contributed to deep i nfi ltrati on. A 
component of this pond leakage water exits the Halgaito Shale 
via the North Arroyo seeps {DOE, 1990). 

In summary, the total potential contribution of water to 
the Halgaito Shale from remedial action is approximately two 
percent of that estimated potential contribution from milling 
operations. Therefore, the majority of the discharge observed 

. from the North Arroyo seeps is most likely related to milling 
operations. 

D.7.12.5 Interpretations and conclusions 

Remedial action construction activities at the Mexican 
Hat site have contributed a maximum of two percent of the 
water to deep percolation as compared to the milling opera
tions {approximately 150 acre-feet versus about 8,500 acre
feet used as slurry water during milling). 

Significant amounts of water drained from the tailings 
piles during and after milling operations. This created a 
1 i mited body of perched groundwater in the Ha 1 ga ito Sha 1 e 
beneath the site. Potentia 1 movement of this groundwater 
would be downdip (east-southeast direction) and/or along 
fractures (east-northeast direction). 
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The elevated concentrations of uranium in Gypsum Creek 
~seeps GS-1 (24A); GS-3 ·(254), 922, SN-2 (253), and 924 are 
most likely related to uranium milling operations at the 
Mexican Hat site. Water derived from uranium milling has 
probably moved downdip or along fractures and mixed with 
native groundwater to produce the chemical composition of 
water observed in these seeps. Seep GS-2 (261) and 923 do not 
have discharges related to uranium milling operations. The 
water chemistry of the perched groundwater in the Halgaito 
Shale is similar to the water chemistry of the North Arroyo 
seeps, although the seeps are slightly lower in TDS. 

The component of flow to the seeps in the North Arroyo 
and to seep GS-3 (254) in Gypsum Creek that has been caused by 
remedial activities at the site should continue to decrease. 
The site has been regraded to promote surface runoff, the 
construction ponds were relined, and approximately 90 percent 
of the estimated settlement of the disposal cell has occurred. 
Excess pore pressures that were generated in the saturated 
tailings in the lower pile when the relocated contaminated 
materials were placed during construction will dissipate as 
the tailings consolidate. Placement of Monument Valley mater
ials on the disposal cell will generate approximately one-half 

\the amount of consolidation water as previous construction. 

D.7.13 GROUNDWATER USE, VA~UE, AND ALTERNATIVE WATER SUPPLIES 

A we 11 inventory was conducted within a two-mi 1 e radius of the 
Mexican Hat site. It was determined there is no recorded use of ground
water in the Mexican Hat area. Process water for milling operations was 
obtained from the San Juan River. A search of the Navajo Tribal Utility 
Authority (NTUA) records produced no evidence of any producing water 
wells in the area (Little, 1985). A long-time local resident of the 
community of Ha 1 chita reported that the area had been drilled in 
attempts to develop groundwater resources, but "potable water was not 
found" (Denny, 1985). 

Domestic water for the community of Halchita is supplied by a 
treatment facility located on the south bank of the San Juan River near 
the crossing of U.S. Highway 163. This facility treats approximately 
59,000 gallons of water per day for Halchita domestic use. Prior to 
construction of the present water supply system, the local residents 
obtained their water from windmills or wells located in Monument Valley, 
Arizona, or Bluff, Utah, or directly out of the San Juan River (Denny, 
1985). 

Domestic water for the community of Mexican Hat is supplied by a 
converted oil exploration well beneath the community and the San Juan 
River. The water is not treated (Ball, 1985; .May, 1985). No other 
information is available for this water supply; however, it is believed 
that the water is withdrawn from strata recharged directly by the San 
Juan River. 
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The value of groundwater in the vicinity of the tailings site may 
be approximated by the value of alternate water supplies in the area, • 
although the actual value is probably less because of the poor quality 
and limited amount of groundwater in the area. A rate schedule for the 
delivery of water to Halchita is shown in Table 0.7.11. 

The tailings have not affected any groundwater that is currently 
being used. Should the affected groundwater be considered unfit for 
use, there are potential alternate water supplies. Alternate water sup
plies in the potentially affected hydrogeologic setting would include: 

o San Juan River water as currently supplied by the NTUA. The 
current Utah water right potentially provides Halchita, in 
perpetuity, with water from the San Juan River. 

o .. Commercial water supply (i.e., delivery by tanker). 

0.7.14 SUMMARY -MONUMENT VALLEY TAILINGS SITE 

o The major hydrostratigraphic units underlying the Monument Valley 
tailings site, in descending order, are alluvium and dune sand, the 
Shinarump Member of the Chinle Formation, the Moenkopi Formation, and 
the DeChelly Sandstone. The alluvium and dune sand are fine-grained, 
unconsolidated deposits more than 80 feet thick in the center of Cane 
Valley, which feather out at the valley edges. The Shinarump Member 
outcrops west of the tailings site, dips to the east, and underlies 
the dune sand and alluvium below the lower tailings pile. The Shina- • 
rump Member consists of lenticular, cross-bedded units of sandstone, 
conglomerate, and mudstone, and ranges from 25 to 90 feet thick in 
the site vicinity. The Moenkopi Formation underlies the Shinarump 
Member and consists of shaley siltstone and sandstone. The Moenkopi 
Formation is 50 to 60 feet thick in most of the site area; however, 
only about 20 feet of the Moenkopi Formation occurs beneath the upper 
tailings pile. The DeChelly Sandstone is a cross-bedded, fine-
grained sandstone and is approximately 550 feet thick below the site 
(Witkind and Thaden, l963). 

o Groundwater within the alluvia 1 a qui fer is unconfined. Depths to 
groundwater range from a few feet near Cane Valley Wash to slightly 
more than 10 feet below the lower tailings pile. This unconfined 
groundwater is recharged by the spring-fed pond northeast of the site 
and by occasional flows in Cane Valley Wash. Alluvial groundwater 
in the site vicinity flows to the north under an average hydraulic 
gradient of 0.01, and discharges as underflow or to seeps in northern 
Cane Valley. Using the observed range of hydraulic conductivities 

. and an assumed effective porosity of 0.25, the average linear 
groundwater velocity ranges from five to 300 ft/year. 

o Grgundwater within the Shinarump Member is confined, probably by the 
mudstones found within this unit. This confined groundwater flows 
northward from recharge areas in the south, under an average 
hydraulic gradient of 0.01, and probably discharges to the alluvium 
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in northern Cane Va 11 ey. Us.i ng the observed range of hydrau 1 ic 
conductivities and an ass'umed effective porosity of 0 .10, the 1 i near 
groundwater velocity ranges from 15 to 290 ft/year. 

o Groundwater within the DeChelly Sandstone is confined by the over
lying Moenkopi Formation. This confined groundwater flows northward 
from recharge areas in the south, under an average hydraulic gradient 
of 0.01, and discharges to areas north of Cane Valley. Using the 
observed range of hydraulic conductivities and an assumed effective 
porosity of 0.10, the linear groundwater velocity ranges from 0.8 to 
120 ft/year. 

o An upward vertical hydraulic gradient exists between the Shinarump 
Member and the overlying alluvium and dune sand, and between the 
DeC he lly Sandstone and the overlying units. Some we 11 s comp 1 eted 
within the DeChelly Sandstone flow at the surface in the area of the 
Monument Valley tailings site. 

o The maximum observed concentration of molybdenum exceeded the EPA MCL 
in the background alluvium groundwater. However, there is no statis
tical evidence of an MCL exceedance for any hazardous constituent in 
the a 11 uvi urn background groundwater. In the Shinarump background 
groundwater, maximum observed concentrations or activities of molyb
denum, net gross alpha, and radium-226 and -228 exceeded EPA MCLs. 
However, there is no statistical evidence of an MCL exceedance for 
any hazardous constituent in the Shinarump Member background 
groundwater. In the DeChelly background groundwater, the maximum 
observed concentration of molybdenum exceeded EPA MCLs. However,. 

'· there. is no statistical evidence of an MCL exceedance for any 
hazardous constituent in the DeChelly background groundwater. 

o The tai 1 i ngs at the Monument Va 11 ey site are much more sandy and 
contain fewer slimes than those at Mexican Hat. There are approxi
mately 1,900,000 cy of contaminated material at the Monument Valley 
site that produces an acidic, oxidizing leachate. Concentrations or 
activities of barium, chromium, molybdenum, nitrate, radium-226, and 
uranium exceeded laboratory method detection limits in tailings pore 
water. It is assumed that activities of net gross alpha and radium-
228 also exceed laboratory method detection limits. Mean or geo
metric mean observed concentrations of molybdenum, nitrate, and 
radium-226 exceeded their MCLs in the tailings pore water. The mean 
or median concentrations of aluminum, ammonium, cobalt, copper, 
fluoride, nickel, strontium, and zinc exceeded the statistical 
maximum of background groundwater in the alluvium, and are therefore 
potential groundwater contaminants also. 

o Maximum observed concentrations or activities of cadmium, chromium, 
molybdenum, net gross alpha, nitrate, radium-226 and -228, and 
selenium equaled or exceeded MCLs in the alluvial groundwater down
gradient of the tai 1 i ngs area. The 1 ower end of the stati sti ca 1 
confidence interval does not exceed the MCLs for any of these con
stituents except nitrate in any alluvial monitor well; therefore, 
there is no statistically significant evidence that they are 
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groundwater contaminants at the site. However, because the lower end 
of the 98 percent confidence interval exceeds the MCL of nitrate in 
downgradient monitor wells 606 and 655, there is statistical evidence • 
that groundwater from these monitor wells exceeds the MCL. Nitrate 
in the alluvium, related to the milling process, forms a plume that 
extends to approximately 3000 feet north of the mill site. Within 
the plume, nitrate concentrations range from a high of over 1000 mg/1 
in the central portion to below the MCL for nitrate on the fringe. 
Even though the plume has moved a distance downgradient, there has 
been no substantia 1 p 1 ume migration 1 at era lly to the east due to 
recharge to the a 11 uvi urn from a spring-fed pond northeast of the 
site. · 

o In the Shinarump downgradient groundwater, maximum observed 
concentrations or activities of molybdenum, net gross a 1 ph a, and 
radium-226 and -228 exceeded the MCLs. However, the lower end of the 
confidence interval does not exceed the MCLs for these constituents 
in anj Shinarump Conglomerate monitor well; therefore, there is no 
statistically significant evidence that they are groundwater 
contaminants that exceed the MCLs. 

o In the DeChelly downgradient groundwater, maximum observed concen
trations or activities of chromium; molybdenum, net gross alpha, and 
uranium exceeded the MCLs. However, the lower end of the confidence 
i nterva 1 does not exceed the MCLs for these constituents in any 
DeChelly monitor well; therefore, there is no statistically signifi
cant evidence that they are groundwater contaminants that exceed the 
MCLs. 

o The surface remediation of the Monument Valley tailings site will 
result in the removal of the source of groundwater contamination and 
will not create additional groundwater contamination. No residences 
or domestic we 11 s are 1 ocated downgradi ent of the nitrate p 1 ume. 
Therefore, remediation of the nitrate groundwater contamination will 
be addressed under a separate process under the UMTRA Phase I I 
groundwater program. 

0.7.15 PREVIOUS INVESTIGATIONS AT THE MONUMENT VALLEY SITE 

Severa 1 i nvesti gati ons have been conducted on th~ geo 1 ogy and 
hydrogeo 1 ogy of the Monument Va 11 ey tailings site area for the DOE 
(Fuhriman and Hintze, 1976; FBDU, 1983; GECR, 1983). These studies 
include stratigraphic and geomorphic reconnaissance-level surveys, 
surface and subsurface radioactivity surveys, and preliminary surface
water and groundwater quality investigations. 

Hydrogeologic field data, including lithologic, groundwater level, 
aquifer property, and water-quality data, were collected by the TAC in 
1985 and 1986. During this period, 15 two-inch PVC monitor wells and 
17 four-inch PVC monitor wells were installed in the site vicinity. 
Monitor well locations are shown in Figure 0.7.18. Monitor well 
completion information is listed in Table 0.7.12. 
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Following completion of. the moni~or wells, well locations and ele
vations were surveyed and groundwater levels were measured to determine 
hydraulic gradients and groundwater flow directions. Groundwater 
quality data have been collected by the DOE annually or semi-annually 
since 1985 (except 1987) from selected monitor wells. Slug withdrawal 
tests and one aquifer test were performed to estimate hydraulic 
conductivity values near the site. Tensiometer and lysimeter nests were 
installed in the tailings area to obtain seepage rate and tailings pore 
water quality data. The results of these investigations were summarized 
in the Monument Valley Environmental Assessment (DOE, 1988a). 

D.7.16 GEOLOGY AND HYDROSTRATIGRAPHY 

q:-

The Monument Valley tailings site is in the northern part of the 
Navajo Section of the Colorado Plateau, approximately 15 miles south of 
the Mexican Hat site (Figure D.7.19). The tailings site is located in 
Cane Valley, a northward draining strike valley eroded into the Chinle 
Formation bordered by Comb Ridge to the east. The bedrock formations 
dip eastward about 400 feet per mile. 

{?j£'. 

0 The geologic rock units are composed of the following units, from 
youngest·to oldest: 1) surficial deposits of alluvium; 2) Shinarump 
Conglomerate Member of the Chinle Formation; 3) Moenkopi Formation; and 
4) DeChelly Sandstone Member of the Cutler Formation. 

The two tailings piles at the site are either on Shinarump 
Conglomerate or alluvium, as shown on the west-to-east cross section 
(Figures D.7.18 and D.7.20). The alluvium is primarily sand, with a 
minor amount of gravel. Fine-grained silty sands derived locally from 
sandstone bedrock occur in erosional channels •. The thickness is about 
55 feet. The Shinarump Member consists of a heterogeneous combination 
of conglomerate, sandstone, and mudstone beds, but locally conglomerate 
predominates. The thickness of the Shinarump is about 85 feet. The 
upper part of the Moenkopi Formation consists of a shaley siltstone and 
sandstone unit that behaves as an aquitard between the Shinarump 
Conglomerate and the DeChelly Sandstone Member. The basal member of the 
Moenkopi Formation consists of massive sandstone underlain by siltstone 
and sandstone beds. · 

The DeChelly Sandstone Member unconformably underlies the Moenkopi 
Formation. It consists of massive, fine-grained sandstone. It ranges 
in thickness from 3oo·to 500 feet, but thins to the north. It is the 
lowest aquifer beneath the Monument Valley tailings site. 

D.7.17 PRESENCE AND MOVEMENT OF GROUNDWATER 

Alluvial aquifer 

Groundwater within the alluvial aquifer is unconfined. Depths to 
groundwater range from over three feet near Cane Valley Wash to slightly 
more than 10 feet below the lower tailings pile. This unconfined 
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groundwater is recharged by upgradient underflow and by precipitation. • 
Locally, east of the tailings area, a spring-fed pond in Cane Valley 
Wash provides recharge to the alluvium groundwater (Figure 0.7.21). 
Minor amounts of recharge are a 1 so provided by intermittent or con-
tinuous ground surface discharges of artesian groundwater from monitor 
wells 611, 613, and 615 and former production well 625 completed in the 
DeChelly Sandstone (Figure 0.7.21), and from occasional flows in Cane 
Valley Wash. A water table map for the alluvial aquifer is also shown 
in Figure 0.7.21. Alluvial groundwater in the site vicinity flows to 
the north under an average hydraulic gradient of 0.011 (Calculation MON-
11-92-14-06/07-00), and discharges as underflow or seeps in northern 
Cane Va 11 ey. 

Shinarump Conglomerate 

Groundwater within the Shinarump Conglomerate is confined by the 
mudstones within this rock unit. This confined groundwater flows 
northward from recharge areas in the south under an average hydraulic 
gradient of 0.010 (Calculation MON-01-08-92-14-06/07-00). An upward 
vertical hydraulic gradient exists between the Shinarump Conglomerate 
and the overlying alluvium (Calculation MON-11-92-14-06/07-00).. A 
potentiometric surface map for the Shinarump Conglomerate is shown in 
Figure 0.7.22. 

DeChelly Sandstone 

Groundwater within the DeC he lly Sandstone is confined by the 
overlying Moenkopi Formation. This confined groundwater flows northward 
from recharge areas in the south and discharges to areas north of Cane 
Valley. Groundwater flows under an·average hydraulic gradient of 0.011 
(Calculation MON-11-92-14-006/07-00). A map of the potentiometric 
surface map for the DeChelly sandstone is presented in Figure 0.7.23. 
An upward, vertical hydraulic gradient exists between the Shinarump 
Conglomerate and the overlying alluvium, and between the DeChelly Sand
stone and the overlying units (Calculation MON-11-92-14-06/07-00). Two 

. former production wells (612 and 613) completed within the DeChelly 
Sandstone flow onto the ground surface under artesian conditions. It 
is not known if this upward gradient existed at the site during milling 
operations when groundwater was withdrawn from the DeChelly aquifer. 

0.7.18 HYDRAULIC CHARACTERISTICS 

The hydraulic conductivities in the alluvium, Shinarump Sandstone 
and DeChelly Sandstone were obtained from analysis of slug test data 
collected by the TAC (Calculation No. MON-08-92-14-02-00). An aquifer 
pumping test was also performed in monitor we 11 651 screened in the 
alluvium (Calculation No. MON-08-92-14-03-00). The hydraulic con
ductivities determined from the slug tests and the aquifer test are 

• 

summarized in Table 0.7.13. All calculations are included in • 
Appendix F. 
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Alluvial ~aquifer 

Hydraulic conductivities computed from slug test data showed a 
variation in values ranging from 0.28 to 3.9 ft/day. The hydraulic 
conductivity computed from the aquifer test data resulted in a value of 
19 ft/day. The range of average linear groundwater velocities in the 
alluvium was calculated using this range of hydraulic conductivities, 
a hydraulic gradient of 0.011 to the north (Figure D.7.21), and an 
assumed effective porosity of 0.25. Using Darcy•s Law, the range of 
average linear velocities for groundwater flow in the alluvium is from 
five to 300ft/year (Calculation MON-08-92-14-06/07-00). 

Shinarump Conglomerate 

Hydraulic conductivities computed from slug test data showed a 
variation in values ranging from 0.39 to 8.1 ft/day for the Shinarump 
Conglomerate. The range of average linear groundwater velocities was 

~ calculated using this range of hydraulic conductivities, a hydraulic .t gradient of 0.010 to the north (Figure D.7.22), and an assumed effective 
,;(~( porosity of 0.10. Using Darcy • s Law, the range of average 1 i near ve 1 o
·: cities for groundwater flow in the alluvium is from 15 to 290 ft/year 

(Calculation MON-08-92-14-06/07-00). 

DeChelly Sandstone 
'{ 

Hydraulic conductivities computed from slug test data showed a 
variation in values ranging from 0.02 to 2.8 ft/day for the DeChelly 
Sandstone. The range of average linear groundwater velocities was 
calculated using this range of hydraulic conductivities, a hydraulic 
gradient of 0.011 ~o the north (Figure D.7.23), and an assumed effective 
porosity of 0.10. Using Darcy•s Law, the range of average linear velo
cities for groundwater flow in the alluvium is from 0.8 to 120. ft/year 
(Calculation MON-08-92-14-06/07-00). 

D.7.19 BACKGROUND GROUNDWATER QUALITY 

This section discusses the background groundwater quality 
characteristics of the alluvium, Shinarump Member, and DeChelly Member 
in the area upgradient of the Monument Valley tailings site. For all 
three hydrostratigraphic units,. upgradient is to the south of the site. 

Background groundwater· quality was characterized by analyzing 
constituents listed in Table 8.1 of the TAD (DOE, 1989). For 
characterization purposes, background groundwater quality of each 
hydrostratigraphic unit can be described by an average concentration and 
a stati sti cal maximum. The procedures for cal cul ati ng average and 
statistical maximum concentrations are discussed in 11 Statistical 
Analysis of Groundwater Monitoring Data at RCRA Facilities - Interim 
Final Guidance.. (EPA, 1989) and are described in the TAD. Average 
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concentrations of hazardous constituents are represented statistically 
by a mean or median, depending on the proportion of nondetects and • 
whether the distribution is normal or nonparametric. The statistical 
minimum may be represented as the 98 percent confidence minimum for 
normal or lognormal distributions or a nonparametric confidence interval 
if the distribution is neither normal nor log normal. 

Alluvium 

Background groundwater quality in the alluvium has been determined 
by the analyses of water samples collected from upgradient monitor well 
602 (Figure 0.7.21). A statistical analysis of background water quality 
in the alluvium that includes the minimum, mean, median, maximum, 
percentage of nondetects, the 98 percent confidence interval, and other 
information is provided in Table 0.7.14. 

Hazardous constituents with MCLs that exceeded the 1 aboratory 
method detection limits in the alluvium background groundwater include 
barium, cadmium, chromium, molybdenum, net gross alpha, nitrate, radium-
226 and -228, selenium, and uranium. Concentrations of elements 
included individually or listed as hazardous constituents in Appendix 
I of 40 CFR 192 and Appendix IX of 40 CFR 264 that have exceeded the 
laboratory method detection limits include aluminum, antimony, fluoride, 
nickel, strontium, vanadium, and zinc. 

The maximum observed concentration of molybdenum exceeded the EPA 
MCL in the background alluvium groundwater (Table 0.7.14). The lower • 
end of the 98 percent confidence interval (statistical minimum) of 
molybdenum was compared with the MCL. According to the EPA (1989), if 
the lower end of the confidence interval exceeds the MCLs, there is 
statistical evidence of an exceedance of the MCL. The lower end of the 
98 percent confidence interval concentrations of molybdenum does not 
exceed the MCLin background alluvium groundwater. Therefore, there is 
no evidence of MCL exceedance for any hazardous constituent in the 

·alluvium background groundwater. 

Shinarump Member 

Background groundwater quality in the Shinarump Member has been 
determined by the analyses of water samples collected from upgradient 
monitor wells 601, 610, and 658 (Figure 0.7.22). A statistical analysis 
of background water quality in the Shinarump Member that includes the 
minimum, mean, median, maximum, percentage of nondetects, the 98 percent 
confidence interval, and other information is provided in Table 0.7.15. 

Hazardous constituents with MCLs that exceeded the 1 aboratory 
method detection limits in the Shinarump background groundwater include 
barium, chromium, molybdenum, net gross alpha, nitrate, radium-226 and 
-228, selenium, and uranium. Concentrations of elements included 
individually or listed as hazardous constituents in Appendix I of 40 CFR 
192 and Appendix IX of 40 CFR 264 that have exceeded the laboratory 
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method detection limits include ~luminum, antimony, cobalt, fluoride, 
·nickel, strontium, vanadilnn, and 'zihi:~ ·· 

Maximum observed concentrations or activities of molybdenum, net 
gross alpha, and radium-226 and -228 exceeded EPA MCLs in the background 
Shinarump groundwater (Table 0.7.15). The lower end of the 98 percent 
confidence interval (stati sti ca 1 minimum) of these constituents were 
compared with their MCLs. According to the EPA (1989), if the lower end 
of the confidence interval exceeds the MCLs, there is statistical 
evidence of an exceedance of the MCLs. The lower end of the 98 percent 
confidence interval concentrations of molybdenum, net gross alpha, and 
radi um-226 and -228 do not exceed the MCLs in background Shinarump 
groundwater. Therefore, there is no evidence of MCL exceedance for any 
hazardous constituent in the Shinarump Member background groundwater. 

DeChelly Sandstone 

Background groundwater quality in the DeChelly Sandstone has been 
.'r determined by the ana lyses of water samp 1 es co 11 ected from upgradi ent 
~ monitor wells 612, 613, and 661 (Figure 0.7.23). A statistical analysis 

'~~:; of background water qua 1 i ty in the Dec he 11 y Sandstone that inc 1 udes the 
minimum, mean, median, maximum, percentage of nondetects, the 98 percent 
confidence interval, and other information is provided in Table 0.7.16. 

Hazardous constituents with MCLs that exceeded the 1 aboratory 
method detection limits in the DeChelly Sandstone upgradient groundwater 
include .arsenic, barium, cadmium, chromium, molybdenum, net gross alpha, 
nitrate, radium-226 and -228, selenium, and uranium. Concentrations of 
elements included individually or listed as hazardous constituents in 
Appendix I of 40 CFR 192 and Appendix IX of 40 CFR 264 that have 
exceeded the laboratory method detection limits include aluminum, 
antimony, cobalt, fluoride, nickel, strontium, vanadium, and zinc. 

Maximum observed concentrations of molybdenum exceeded EPA MCLs in 
• the background DeC he 11 y Sandstone groundwater (Tab 1 e D. 7 .16) • The 1 ower 
end of the 98 percent confidence interval (statistical minimum) of 
molybdenum was compared with its MCL. According to the EPA (1989), if 
the 1 ower end of the confidence i nterva 1 exceeds the MCL, there is 
statistical evidence of an exceedance of the MCL. The lower end of the 
98 percent confidence i nterva 1 concentrations of rna lybdenum did not 
exceed the MCLin background alluvium groundwater. Therefore, there is 
no evidence of .MCL exceedance for any hazardous constituent in the 
DeChelly background groundwater. 

0.7.20 TAILINGS CHARACTERIZATION 

The mill at the Monument Valley site was operated from 1955 to 1968 
by Vanadium Corporation of America and its successor, Foote Mineral 
Company. The Monument No. 2 Mine, just west of the site on Yazzie Mesa, 
was the sole source of ore for the Monument Valley mill. During the 
early years of operation, this site was used to physically concentrate . .. . 
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the slime fraction, which contained the majority of the uranium. This • 
fine-grained fraction was then shipped to other mills for refining. In 
later years, low-grade ores and the stockpiled sand fraction were heap 
leached. This process produces an acidic, oxidizing leachate from 
tailings. 

The waste solids from the processing and leaching of the uranium 
ore were transferred to the tailings pi 1 es. The Monument Va 11 ey 
tailings are a coarse-grained, sand-like material. Two tailings piles, 
concrete building foundations, and debris remain at the site. The two 
tailings piles occupy approximately 28 acres and contain approximately 
842,600 cy of tailings. The total amount of contaminated materials, 
including the tailings, soils beneath and around the tailings, and other 
contaminated materia 1 s, is estimated to be 1, 100,000 cy. A 11 mi 11 
buildings and milling equipment have been removed from the site • 

... 

The chemical characteristics of the Monument Valley tailings were 
evaluated by pore water sampling with suction lysimeters. Six 
lysimeters were sampled in 1985 and 1986. A list of the lysimeters and 
sampling results is shown in Table 0.7.17. The TOS concentration ranges 
from 703 to 6850 mg/1. The pH of the tailings pore water ranges from 
4.3 to 7 .63. Inorganic hazardous constituents that exceed laboratory 
method detection 1 imits in the tai 1 i ngs pore water include bari urn, 
chromium, molybdenum, nitrate, radium-226, and uranium. Radium-228 and 
net gross alpha activities were not determined, but it is assumed that 
their activities exceed laboratory method detection limits based on data 
from tailings piles at other uranium processing sites. For characteri
zation purposes, mean or geometric mean tailings pore water quality data 
were compared to MCLs. Mean or geometric mean observed concentrations 
of molybdenum, nitrate, and radium-226 exceeded their MCLs (Table 
0.7.17), and are therefore potential groundwater contaminants at the 
Monument Valley site. 

Concentrations of elements included individually or listed as 
hazardous constituents in Appendix I of 40 CFR 192 and Appendix IX of 
40 CFR 264 that have exceeded the laboratory method detection limits 
include· aluminum, ammonium, cobalt, copper, fluoride, nickel, strontium, 
vanadium, and zinc (Table 0.7.17). Cyanide, sulfide, and thallium were 
not determined. Concentrations of these potentia 1 hazardous 

·constituents with no MCLs were compared to the statistical maximum 
concentrations in alluvium background groundwater to determine their 
potential to be groundwater contaminants at the Monument Valley site. 
The mean or median concentrations of aluminum, ammonium, cobalt, copper, 
fluoride, nickel, strontium, and zinc exceeded the statistical maximum 
of background groundwater in the alluvium, and are therefore potential 
groundwater contaminants. 

0.7.21 EXTENT OF EXISTING CONTAMINATION 

• 

To assess the extent of groundwater contamination at the Monument 
Valley processing site caused by seepage of leachate from the tailings 
piles and previous processing activities, groundwater quality data have • 
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been collected by the DOE annually,or semi-annually since 1985 (except 
1987) from selected upgradient, on-site, and downgradient monitoring 
wells in the alluvium, the Shinarump Conglomerate, and the DeChelly 
Sandstone. 

All uvi urn 

A statistical analysis of alluvial groundwater quality from 1985 
to 1992 is presented in Table 0.7.18. Hazardous constituents with MCLs 
and with concentrations or activities that exceeded the laboratory 
method detection limits in monitor wells at the Monument Valley site are 
shown in this table. These include arsenic, barium, cadmium, chromium, 
lead, molybdenum, nitrate, net gross alpha, radium-226 and -228, 
selenium, and uranium. Concentrations of elements included individually 
or listed as hazardous constituents in Appendix I of 40 CFR 192 and 
Appendix IX of 40 CFR 264 that have exceeded the 1 aboratory method 
detection limits.include aluminum, ammonium, antimony, cobalt, copper, 
fluoride, nickel, strontium, sulfide, thallium, tin, vanadium, and zinc. 

Maximum observed concentrations or activities of seven hazardous 
-~; constituents equaled or exceeded MCLs in the alluvia 1 groundwater 

downgradient of the tailings area. These constituents are cadmium, 
chromium, molybdenum, net gross alpha, nitrate, radium-226 and -228, and 
selenium. Concentrations of chromium, molybdenum, and nitrate exceed 
laboratory method detection limits in the tailings pore water (Table 
0.7.17). Therefore, the presence of these hazardous constituents in the 
groundwater may be related to uranium processing activities. Concentra
tions of cadmium and selenium did not exceed laboratory method detection 
limits in the tailings pore water (Table 0.7.17), so their presence in 
groundwater may not be related to uranium processing activities. Acti
vities of net gross alpha and radium-226 and -228 have· not been analyzed 
in tailings pore water, but it is assumed that they exceed laboratory 
method detection limits based on pore water analyses from.other uranium 
mill tailings piles. Therefore, the presence of these hazardous consti
tuents in the alluvium groundwater may be related to uranium processing 
activities. 

To confirm whether the presence of these hazardous constituents 
represents groundwater contamination, the lower end of the 98 percent 
confidence interval (statistical minimum) for these constituents by 
monitor well was compared with the MCL. According to the EPA (1989), 
if the lower end of the confidence interval exceeds the MCL, there is 
statistical evidence of an exceedance of the MCL. Because the lower end 
of the confidence i nterva 1 does not exceed the MCLs for cadmi urn, 
chromium, molybdenum, net gross alpha, radium-226 and -228, and selenium 
in any alluvial monitor well, there is no statistical evidence that they 
are groundwater contaminants that exceed the MCLs. However, because the 
lower end of the 98 percent confidence i nterva 1 exceeds the MCL of 
nitrate in downgradient monitor wells 606 and 655, there is statistical 
evidence that groundwater from these monitor wells exceeds the MCL. A 
detailed discussion of the nitrate contamination in the alluvium 
groundwat~r is in Section 0.7.22 • 
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As stated in Section 0.7.20, eight hazardous constituents without • 
MCLs are considered to be potential groundwater contaminants. These are 
aluminum, ammonium, cobalt, copper, fluoride, nickel, strontium, and 
zinc. To determine if these potential hazardous constituents qre 
groundwater contaminants at the Monument Valley site, the maximum 
observed concentration in downgradient groundwater was compared to the 
statistical maximum for background groundwater. The statistical maximum 
for background groundwater was exceeded for ammoni urn, cobalt,. copper, 
fluoride, strontium, and zinc in downgradient alluvium groundwater. 

Ammonium most likely oxidizes to nitrate within a shallow water 
table aquifer. Therefore, ammonium is probably a major contributor to 
the nitrate plume at the Monument Valley site. This is discussed in 
detail in Section 0.7 .22. Fluoride is considered a hazardous con
stituent because it is an element of a hazardous constituent compound, 
carbon oxyfluoride, listed in Appendix IX of 40 CFR 264. Carbon 
oxyfl uori de does not exist in water. Therefore, in groundwater, 
fluoride will not be considered a hazardous constituent. Strontium is 
listed as an element of the hazardous constituent compound strontium 
sulfide, which is unlikely to exist in a shallow aquifer environment. 
Therefore, strontium will not be considered a hazardous constituent. 

Cobalt, copper, and zinc remain to be considered as potential 
hazardous constituents in downgradient groundwater. Neither cobalt nor 
copper was detected in background alluvium groundwater. Therefore, the 
presence of these constituents in downgradi ent groundwater is most 
likely related to the uranium mill tailings, and no further statistical • 
tests:are necessary. 

Zinc was detected in background groundwater; however, there are not 
enough data above the detection limit to perform a statistical compari
son test. Zinc concentrations in downgradient groundwater (locations 
606, 655, and 662) have exceeded background concentrations. Therefore, 
the presence of zinc in downgradient groundwater is most likely related 
to urani urn mill tailings. -

Screening of Appendix IX organic constituents in the a 11 uvi urn 
groundwater from several monitor wells in 1985 and 1986 identified no 
organic constituents related to uranium processing that exceeding their 
laboratory method detection limits. In 1988, bis(2-ethylhexl)pthalate 
was i denti fi ed in groundwater from monitor we 11 606. This organic 
compound is a laboratory reagent and is used in the production of other 
organic compounds. It is not used in uranium processing. Except in 
cases where laboratory cross-contamination of samples may have occurred, 
it has not been detected in raffinate at Title II uranium processing 
sites (Smith, 1987). 

Shinarump Conglomerate 

A statistical analysis of Shinarump Conglomerate downgradient and 
cross gradient groundwater quality from 1985 to 1992 is presented in 
Table 0.7.19. Hazardous constituents with MCLs and with concentrations • 
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or activities that exceeded the laboratory method detection limits in 
monitor wells completed in'the Shfn'arump Conglomerate are shown in this 
table. These include arsenic, barium, cadmium, chromium, lead, molyb
denum, nitrate, net gross alpha, radium-226 and -228, selenium, and 
uranium. Concentrations of elements included individually or listed as 
hazardous constituents in Appendix I of 40 CFR 192 and Appendix IX of 
40 CFR 264 that have exceeded the laboratory method detection limits 
include aluminum, ammonium, antimony, cobalt, fluoride, nickel, 
strontium, vanadium, and zinc. 

Maximum observed concentrations or activities of three hazardous 
constituents equa 1 ed or exceeded MCLs in the Shinarump groundwater 
downgradient of the tailings area. These constituents are molybdenum, 
net gross alpha, and radium-226 and -228. Concentrations of molybdenum 
exceed laboratory method detection limits in the tailings pore water 
(Table Q.7.17). Therefore, the presence of molybdenum in the 
groundwater may be related to uranium processing activities. Activities 
of net gross alpha and radium-226 and -228 were not analyzed in tailings 
pore water, but it is assumed that they exceed 1 aboratory method 
detection limits based on pore-water analyses from other uranium mill 

r;.: tailings .piles. Therefore, the presence of these hazardous constituents 
in the Shinarump Congl orne rate groundwater may be re 1 a ted to urani urn 
processing activities. 

To confirm whether the presence of molybdenum, net gross alpha, and 
radium-226 and -228 represents groundwater contamination, the lower end 
of the 98 percent confidence interval of the mean for these constituents 
by monit_or well was compared with the MCL According to the EPA (1989) 
(Section 6.2.1), if the lower end of this confidence interval exceeds 
the MCL, there is statistical evidence of an exceedance of the MCL. The 
lower ends of the confidence intervals do not exceed the MCLs for molyb
denum, net gross a 1 ph a, and radi um-226 and -2-28 in any Shinarump Congl o
merate monitor well. Therefore, there is no statistically significant 
evidence for groundwater contamination above the MCLs. The upward 
hydraulic gradient between the Shinarump Conglomerate and the overlying 
all uvi urn served to prevent s i gni fi cant downward movement of contaminated 
groundwater from the alluvium. 

DeChelly Sandstone 

A statistical analysis of DeChelly Sandstone groundwater qual.ity 
from 1985 to 1992 is presented in Table 0.7.20. Hazardous constituents 
with · MCLs and with concentrations or activities that exceeded the 
laboratory method detection limits in monitor wells completed in the 
DeC he lly Sandstone are shown in this tab 1 e. These include arsenic, 
barium, cadmium, chromium, molybdenum, nitrate, net gross alpha, radium-
226 and -228, and uranium. Concentrations of elements included indi
vidually or. listed as hazardous constituents in Appendix I of 40 CFR 192 
and Appendix IX of 40 CFR 264 that have exceeded the laboratory method 
detection limits include aluminum, ammonium, antimony, cobalt, fluoride, 
nickel, strontium, tin, vanadium, and zinc • 
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Maximum observed concentrations or activities of four hazardous 
constituents equaled or exceeded MCLs in the OeChelly Sandstone 
groundwater downgradient of the tailings area. These constituents are 
chromium, molybdenum, net gross alpha, and uranium. Concentrations of 
chromium, molybdenum, and uranium exceed laboratory method detection 
limits in the tailings pore water (Table 0.7.17). Therefore, the 
presence of these hazardous constituents in the groundwater may be 
related to uranium processing activities. The activities of net gross 
alpha were not analyzed in tailings pore water, but it is assumed that 
they exceed 1 aboratory method detection 1 imits based on pore water 
analyses from other uranium mill tailings piles. Therefore, the 
presence of net gross alpha in the OeChelly Sandstone groundwater may 
be related to uranium processing activities. 

To confirm whether the presence of these hazardous constituents 
represents groundwater contamination, the lower end of the 98 percent 
confidence interval (statistical minimum) for these constituents by 
monitor well was compared with the MCL, as was done for the alluvium and 
Shinarump Conglomerate. If a statistical minimum could not be 
calculated due to lack of data, median concentrations were compared with 
MCLs. Because the lower end of the confidence interval or median does 
not exceed the MCLs for chromium, net gross alpha, and uranium in any 
OeChelly monitor well, there is no statistical evidence that they are 
groundwater contaminants that exceed the MCLs. 

~ 

The statistical minimum did not exceed the MCL for molybdenum in 
the two monitor wells for which it could be calculated (657 and 663 in ~ 
Table .0.7 .20). However, the median concentrations observed in former 
production well 625 and in monitor wells 664 and 668 did exceed the MCL 
for molybdenum (Table 0.7.20). Therefore, contamination from uranium 
mill tailings is possible in these wells. However, more recent sampling 
rounds showed molybdenum less than detection in monitor wells 625 and 
668 (Table 0.7.21). 

The upward hydraulic gradient between the OeChelly Sandstone and 
the overlying formations served to prevent significant downward movement 
of contaminated groundwater from the a 11 uvi urn. However, during the 
period of mi 11 i ng operations when groundwater was produced from the 
DeChelly, the upward hydraulic gradient could have peen reversed locally 
in the areas of maximum withdrawal. This temporary downward gradient 
fr·om the a 11 uvi urn to the OeChe 11 y cou 1 d have caused contaminated 
groundwater to flow to the OeChelly, which would account for the 
elevated molybdenum concentrations in some wells in the past. 

0.7.22 NITRATE PLUME MOVEMENT IN THE ALLUVIUM 

An isopleth map of nitrate concentrations in alluvium groundwater 
.is shown in Figure 0.7.24. This figure shows a nitrate plume of concen
trations greater than the MCL extending downgradient to the northeast 
approximately 3000 feet from the Monument Valley tailings site. Within 
the plume, nitrate concentrations range from a high of over 1000 mg/1 ~ 
in the central portion to below the MCL for nitrate on the fringe. ~ 
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Oowngradient nitrate plume movement over time is described with 
nitrate concentration v~rsu~time plots from alluvium monitor wells 606, 
655, 656, and 653. Monitor well 606 is located close to the tailings 
approximately 500 feet to the north, monitor wells 655 and 656 are of 
intermediate distance, and monitor well 653 is located approximately 
3000 feet north of the tailings (Figure 0.7.24). The nitrate concen
tration versus time plots for monitor wells 606, 655, and 656 (Figures 
0.7.25 and 0.7.26) show a peak nitrate concentration in early 1988 and 
a gradual decrease since then. The nitrate concentration versus time 
plot for monitor well 653 (Figure 0.7.27} shows a general increase in 
nitrate concentrations. These figures indicate that the plume is moving 
northeastward, and that the centra 1 portion of the p 1 ume with the 
highest nitrate concentrations has passed by monitor well 606, might 
have passed by monitor wells 655 and 656, but has not reached monitor 
well 653. 

Even though the plume has moved a distance downgradient, there has 
been no substantial plume migration laterally to the east, as 
demonstrated by nitrate concentrations in alluvium monitor wells 603, 
604, and 605 (Figure 0.7.24). Plots of nitrate concentrations versus 

·~ time for these crossgradient monitor wells and upgradient monitor well * 602 are shown in Figure 0.7.28. This figure shows nitrate concentra
tions consistently below 12 mg/1 since 1985 in these monitor wells and 
below the background concentration most of the.time. As described in 
Section D.7.17, the area east of the pile is a zone of alluvium 
recharge. This alluvium recharge is contributed by a spring-fed pond 
and flowing wells discharging water from the DeChelly Sandstone onto the 

._ground .surface in this area. This recharge has most likely created a 
higher water table locally which deflects plume movement away from the 
area northeast of the tai 1 i ngs piles. Surface remediation will not 
affect the alluvium recharge in this area. Therefore, the nitrate plume 
is not expected to move to the east in the future. 

D.7.23 POTENTIAL IMPACTS OF SURFACE REMEDIATION ON GROUNDWATER QUALITY 

The surface remediation of the Monument Valley tailings site will 
consist of relocating the tailings and residual radioactive material to 
the Mexican Hat disposal site. This activity will result in removal of 
the source of groundwater contamination and will not create additional 
groundwater contamination. In addition, it is unlikely that the 
remedial activities will substantially affect the existing water table 
configuration in the all uvi urn. If there is a steeper water tab 1 e 
g-radient locally beneath the tailings, the remediation will serve to 
level the topography which, in turn, will level the gradient. There
fore, if any change in the water table is effected, the result would be 
a reduction in groundwater velocity from the tailings area. 

As described above, surface remediation will have little if any 
effect on p 1 ume movement. The nitrate p 1 ume will continue in its 
present course and velocity • 

' ·f .. 
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As part of a preliminary risk assessment for the Monument Valley 
site, a domestic well survey of the area was conducted by the TAC in • 
1992. This survey did not locate residences or domestic wells in the 
path of the plume (Figure D.7 .29). One domestic well was located 
northwest of the plume (Figure D.7.29). However, this well is completed 
in the DeChelly Sandstone (Flowers, 1993). 

There is potential for a local resident to hand dig a water well 
within the plume area or downgradient of the plume and encounter water 
that exceeds the MCLs. The high nitrate concentrations, in particular, 
would present an immediate health risk to infants if this water were 
ingested (Flowers, 1993). This risk will be avoided during remedial 
action by informing the residents not to dig water wells in the area of 
the plume or downgradient of the plume. This information will be trans
ferred to the residents individually by TAC toxicologists and public 
relations personnel, and a permanent solution will be implemented as 
part of the UMTRA groundwater restoration program at Monument Valley. 

For these reasons, remediation of the nitrate plume at the Monument 
Valley site will be addressed under a separate process in accordance 
with the NEPA and the UMTRA Phase II groundwater program. This deferral 
of the groundwater remediation will not affect future public health and 
safety. 

D.7.24 WATER USE, VALUE, AND ALTERNATIVE SUPPLIES 

Two families have domestic supply wells upgradient of the site • 
(Figure D.7.29). Both wells are shallow hand-pump wells completed in 
the alluvium. Well 616, which supplies water for several families, is 
approximately eight feet deep and periodically dries up (DOE, 1988a). 
The depth of well 617 is unknown. A former production well (625) is 
also used as a domestic supply we 11 for one nearby residence (DOE, 
1988a). Three seeps in Cane Valley Wash (Figure D.7.29) within the area 
of the Monument Valley tailings site are used for stock water. Seeps 
621 and 622 supply water to the pond (!'frog pond") east of the site. 
The groundwater quality of domestic supply wells 616 and 617 is pre-
sented in Table D.7.22. Groundwater quality data for 625 are shown in 
Table D.7.20. No hazardous constituents with MCLs show concentrations 
above the MCLs in these wells, except for unfiltered (total) radium-226 
and -228. Radium-226 and -228 (total) exceeded the MCL (5 pCi/1) by 2.8 
pCi/1 in 1991 in domestic well 616. This activity was derived mainly 
from radium-228 (total) with an uncertainty of 2.3 pCi/1 (Table D.7.22). 
Given this uncertainty, it is questionable whether this value indicates 
an MCL exceedance. A subsequent sampling round for domestic well 616 
showed 0.0 pCi/1 of radium-226 and -228 (total) (Table 0.7.22). 

There are no rates charged for the use of private water wells. It 
is relatively inexpensive to install the shallow hand-pump wells, but 
due to the a~dity of the region, any reliable groundwater resource is 
considered to be extremely valuable (DOE, 1988a). 
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Groundwater contamination from the tailings has not affected any 
groundwater currently being used. Should alternative water supplies be 
needed, 'possible sources include the installation of shallow hand-pump 
wells further upgradient or closer to the pond east of the site or 
installation of a production well(s) in the DeChelly Sandstone. 
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NORTH EAST GROUND 
LOCATION COORDINATE COORDINATE ELEVATION 

ID (FT) en> en MSL) 

0905 10006.3 9544.2 4294.13 
0906 10137.5 11703.1 4220.83 
0907 10154.1 11692.4 4220.51 
0908 10019.3 9538.7 4294.60 
0909 7925.5 7134.4 4349.77 
0910 8336.5 10067.7 4353.22 
0911 9508.4 11114.0 4294.35 
0912 9527.0 11133.4 4294.43 
0920 9865.0 10715.0 4290.00 
0921 9730.0 11140.0 4292.00 
0922. 13366.9 12399.2 4066.09 
0923 11411.4 12369.1 4101.54 
0924 11552.4 13298.4 4118.64 
0930 10550.3 m3.o 4311.65 
09.31 12083.0 9971.0 4316.27 
0932 13167.7 12636.3 4225.13 
0933 7782.3 8444·. 7 4365.03 
0934 9221.3 11989.9 4289.27 
0935 10023.8 12468.3 4230.62 
0936 11391.7 10912.3 4182.90 

* DEPTH GIVEN IN FEET BELOW GROUND SURFACE 

FORMATION OF COMPLETION CODE: 
HM • HALGAITO MEMBER 
Rl • HONAKER TRAIL 
NR • NO RECOVERY OF DATA FOR CLASSIFYING 
AL • ALLUVIUM 

DATA FILE: M:\DART\HAT01\MWI10000.DAT 

TABLE D.7.1 • MONITOR WELL INFORMATION: ALL EXISTING AND ABANDONED MONITOR 
WELLS COMPLETED IN THE HALGAITO SHALE AND HONAKER TRAIL FORMATION 
SITE: HAT01 MEXICAN HAT 
REPORT DATE: 02/10/93 

BOREHOLE CASING CASING CASING CASING + SCREEN * SCREEN 
DEPTH 
CFT) * 

12.00 
11.75 

125.00 
163.00 
157.00 
182.00 
105.00 
84.00 
57.58 
--
--

116.00 
177.00 
193.00 
175.00 
200.00 
187.00 
142.00 

STICKUP ELEVATION DEPTH DIAMETER BEGINNING LENGTH FLOW 
CFT) en MSL) en> * CINCHES) DEPTH (FT) (FT) CODE 

1.50 4295.63 12.00 2.000 12.00 5.0 0 
2.21 4223.04 12.00 2.000 13.80 5.0 0 
1.15 4221.66 110.00 0.750 107.00 3.0 N 

-1.97 4292.63 162.00 2.000 145.00 37.0 N 
-14.47 4335.30 155.00 2.000 130.00 20.0 N 
18.38 4371.60 140.00 2.000 140.00 40.0 D 
-1.82 4292.53 105.00 2.000 93.00 10.0 0 
-2.23 4292.20 82.00 2.000 62.00 20.0 0 
- - - - - - N 
- - - - - - N - - - - - - N 
- - - - - - N 
- - - - - - N 

2.38 4314.03 114.00 4.000 104.00 10.0 N 
2.91 4319.18 - - - - N 
3.36 4228.49 - - - - N 
3.05 4368.08 - - - - N 
2.47 4291.74 200.00 4.000 188.00 10.0 D 
2.44 4233.06 190.00 4.000 178.00 10.0 D 
2.08 4184.98 - - - - N 

+ CASING DIAMETER = INSIDE DIAMETER 

FLOW RELATIONSHIP CODE: 
0 • ON·SITE 
N • UNKNOWN 
D • DOWN GRADIENT 

FIELDS DISPLAYED WITH A DASH INDICATE THE DATA IS UNAVAILABLE 

• 

FORMATION 
OF 

COMPLETION 

HM 
HM 
Rl 
Rl 
Rl 
HM 
HM 
HM 
NR 
AL 
NR 
NR 
NR 
Rl 
NR 
NR 
NR 
HM 
Rl 
NR 

• 



c 
I 

N 
N 
1.0 

• • • 
Table 0.7.2 Summary of hydraulic characteristics of the Halgaito Shale Formation 

and Honaker Trail Formation at the Mexican Hat sitea 

Hydraulic 
Well Test Tested Stratigraphic conductivity 

number methodb intervale unit - {ft/day)d 

908 F-K; 145 - 160 Honaker Trail Formation 0.4 
C-B-P; Sk 

909 F-K; 132 - 152 Honaker Trail Formation 0.03 
C-B-P; Sk 

911 p 53.5 - 64.5 Halgaito Shale Formation 0.75 
64.5 - 74.5 0.27 
74.5 - 84.5 0.19 
84.5 - 94.5 0.18 
94.5 - 104.5 0.014 --

912 B-R; H 62 - 82 Halgaito Shale Formation 0.6 ;; 

930 F-K; Sk 106 - 116 Honaker Trail Formation 0.1 

934 F-K; Sk 143 - 197 Honaker Trail Formation 0.04 
143 - 197 

935 ° F-K; Sk 170 - 187 Honaker Trail Formation 0.04 
170 - 187 

aBased on Mexican Hat Calculation HAT-07-91-14-02-00. 
bSk is Skibitske method; F-K is Ferris-Knowles method; C-B-P is Cooper-Bredehoeft-Papadopoulos method; P is 
packer test method; B-R is Bouwer-Rice method; H is Hvorslev method. 

crested interval is in feet below the land surface. 
dArithmetic or geometric mean of all tests for the given interval. 
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LOCATION 
PARAMETER NAME ID 

ALKALINITY 0910 
0910 
0911 
0912 
0912 

! 0912 
0912 

ALUMINUM 0910 
0910 
0911 
0912 
0912 
0912 
0912 

AMMONIUM 0910 
0911 
0912 
0912 
0912 
0912 

ANTIMONY 0910 
0911 
0912 
0912 

ARSENIC 0910 
0910 
0911 
0912 
0912 
0912 
0912 

BARIUM 0910 
. 0911 

0912 

FORMATION OF COMPLETION CODE: 
HM • HALGAITO MEMBER 

TABLE D.7.3 • GROUNDWATER QUALITY DATA BY PARAMETER: HALGAITO SHALE 
MONITOR WELLS 910, 911, AND 912 
SITE: HAT01 MEXICAN HAT 
04/13/85 T0.08/30/88 
.REPORT DATE: 02/11/93 

SAMPLE FORM FLOW 
LOG DATE ID COMP REL. 

07130/85 0001 HM D 
08/30/88 0001 HM D 
04/13/85 0001 HM 0 
04/13/85 0001 HM 0 
07129/85 0001 HM 0 
05/18/88 0001 HM 0 
08/30/88 0001 HM 0 

07/30/85 0001 HM 'D 
08/30/88 0001 HM D 
04/13/85 0001 HM 0 
04!13/85 0001 HM 0 
07/29/85 0001 HM 0 
05/18/88 0001 HM 0 
08/30/88 0001 HM 0 

08/30/88 0001 HM D 
04/13/85 0001 HM 0 
04/13/85 0001 HM 0 
07129/85 0001 HM 0 
05/18/88 0001 HM 0 
08/30/88 0001 HM 0 

07/30/85 0001 HM D 
04/13/85 0001 HM 0 
04/13/85 0001 HM 0 
07129/85 0001 HM 0 

07130/85 0001 HM D 
08/30/88 0001 HM D 
04/13/85 0001 HM 0 
04/13/85 0001 HM 0 
07/29/85 0001 HM 0 
05/18/88 0001 HM 0 
08/30/88 0001 HM 0 

07/30/85 0001 HM D 
04/13/85 0001 HM 0 
04/13/85 0001 HM 0 

UNITS OF PARAMETER 
MEASURE PVI VALUE 

MG/L CAC03 274.00 
739. 
294.00 
887.00 
790.00 

1124. 
1016. 

MG/L 0.20 
0.1 

< 0.10 
< 0.10 

0.40 
< 0.1 

0.3 

MG/L < 0.1 
12.00 
38.00 
3.80 

46. 
54. 

MG/L 0.011 
< 0.003 
< 0.003 

0.005 

MG/L < 0.01 
0.02 

< 0.01 
< 0.01 
< 0.01 
< 0.01 

0.03 

MG/L 0.10 
< 0.10 
< 0.10 

FLOW RELATIONSHIP CODE: 
D • DOWN GRADIENT 
0 · ON-SITE 

DETECTION 
FLAGS LIMIT 

-
I -. 

. 
-
--

0.1 
I 0.1 

0.1 
0.1 
0.1 
0.1 
0.1 

I 0.1 
--

0.1 
0.1 
0.1 

0.003 
0.003 
0.003 
0.003 

0.01 
I 0.01 

0.01 
0.01 
0.01 
0.01 
0.01 

0.1 
0.1 
0.1 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 • FILTERED SAMPLE (.45 MICRONS) 

OTHER PARAMETER VALUE FLAGS: 
I ·THE DATA FAILED THE CATION/ANION QUALITY CONTROL TEST • 

• 

PARAMETER 
UNCERTAINTY 
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. 

. 
-. 
. 
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. 
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N 
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• TABLE D.7.3 • GROUNDWATER QUALITY DATA BY PARAMETER: HALGAITO SHALE 
MONITOR WELLS 910, 911, AND 912 
SITE: HAT01 MEXICAN HAT 
04/13/85 TO 08/30/88 
REPORT DATE: 02/11/93 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP REL. 

BARIUM 0912 07/29/85 0001 HM 0 
0912 05/18/88 0001 HM 0 

BORON 0910 07/30/85 0001 HM D 
0911 04/13/85 0001 HM 0. 
0912 04/13/85 0001 HM 0 
0912 07/29/85 0001 HM 0 ., 

BROMIDE 0911 04/13/85 0001 HM 0 
0912 04/13/85 0001 HM 0 
0912 05/18/88 0001 HM 0 

CADMIUM 0910 07/30/85 0001 HM D 
0911 04/13/85 0001 HM 0 
0912 04/13/85 0001 HM 0 
0912 07/29/85 0001 HM 0 
0912 05/18/88 0001 HM 0 

CALCIUM 0910 07/30/85 0001 HM D 
0910 08/30/88 0001 HM D 
0911 04/13/85 0001 HM 0 
0912 04/13/85 0001 HM 0 
0912 07/29/85 0001 HM 0 
0912 05/18/88 0001 HM 0 
0912 08/30/88 0001 HM 0 

CHLORIDE 0910 07/30/85 0001 HM D 
0910 08/30/88 0001 HM D 
0911 04/13/85 0001 HM 0 
0912 04/13/85 0001 HM 0 
0912 07/29/85 0001 HM 0 
0912 05/18/88 0001 HM 0 
0912 08/30/88 0001 HM 0 

CHROMIUM 0910 07/30/85 0001 HM D 
0910 08/30/88 0001 HM D 
0911 04/13/85 0001 HM 0 
0912 04/13/85 0001 HM 0 

FORMATION OF COMPLETION CODE: 
HM • HALGAITO MEMBER 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
I ·THE DATA FAILED THE CATION/ANION QUALITY CONTROL TEST. 
I · INCREASED DETECTION LIMIT DUE TO REQUIRED DILUTION 

UNITS OF ',PARAMETER 
MEASURE PVI VALUE· 

MG/L < 0.10 
< 0.1 

MG/L < 0.10 
1.30 
0.70 
0.10 

MG/L < 2.00 
< 2.00 
< 2.0 

MG/L < 0.001 
< 0.001 
< 0.001 
< 0.001 
< 0.001 

MG/L 180.00 
174. 
575.00 
610.00 
530.00 
640. 
555. 

MG/L 170.00 
160. 
100.00 
88.00 
81.00 
76. 
82.9 

MG/L 0.06 
0.07 
0.04 
0.03 

FLOW RELATIONSHIP CODE: 
0 • ON·SITE 
D • DOWN GRADIENT 

SAMPLE ID CODES: 

FLAGS 

I 

I 

I 
I 

0001 • FILTERED SAMPLE (.45 MICRONS) 

DETECTION 
LIMIT 

0.1 
0.1 

0.1 
0.1 
0.1 
0.1 

2. 
2. 
2. 

0.001 
0.001 
0.001 
0.001 
0.001 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

1. 
1. 
-

1. 
1. 
1. 
1. 

0.01 
0.01 
0.01 
0.01 

• 
PARAMETER 

UNCERTAINTY 
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. 

. 
-
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LOCATION 
PARAMETER NAME ID 

CHROMIUM 0912 
0912 
0912 

COBALT 
' 

0910 
0911 
0912 
0912 

COPPER 0910 
0911 
0912 
0912 

CYANIDE 0911 
0912 
0912 

FLUORIDE 0910 
0910 
0911 
0912 
0912 
0912 
0912 

GROSS ALPHA 0910 
0911 
0912 
0912 
0912 
0912 

GROSS BETA 0910 
0911 
0912 
0912 
0912 
0912 

FORMATION OF COMPLETION CODE: 
HM • HALGAITO MEMBER 

TABLE D.7.3 • GROUNDWATER QUALITY DATA BY PARAMETER: HALGAITO SHALE 
MONITOR WELLS 910, 911, AND 912 
SITE: HAT01 MEXICAN HAT 
04/13/85 TO 08/30/88 
REPORT DATE: 02/11/93 

SAMPLE FORM FLOW 
LOG DATE ID COMP REL. 

07/29/85 0001 HM 0 
05/18/88 0001 HM 0 
08/30/88 0001 HM 0 

07/30/85 0001 HM D 
04/13/85 0001 HM 0 
04!13/85 0001 HM 0 
07/29/85 0001 HM 0 

07/30/85 0001 HM D 
04/13/85 '0001 HM 0 
04/13/85 0001 HM 0 
07/29/85 0001 HM 0 

04!13/85 0001 HM 0 
04/13/85 0001 HM 0 
07/29/85 0001 HM 0 

07/30/85 0001 HM D 
08/30/88 0001 HM D 
04/13/85 0001 HM 0 
04/13/85 0001 HM 0 
07!29/85 0001 HM 0 
05/18/88 0001 HM 0 
08/30/88 0001 HM 0 

08/30/88 0001 HM D 
04/13/85 0001 HM 0 
04/13/85 0001 HM 0 
07/29/85 0001 HM 0 
05/18/88 0001 HM 0 
08/30/88 0001 HM 0 

08/30/88 0001 HM D 
04/13/85 0001 HM 0 
04/13/85 0001 HM 0 
07/29/85 0001 HM 0 
05/18/88 0001 HM 0 
08/30/88 0001 HM 0 

UNITS OF PARAMETER 
MEASURE PVI VALUE 

MG/L 0.08 
< 0.01 

0.16 

MG/L < 0.05 
< 0.05 
< 0.05 
< 0.05 

MG/L 0.04 
0.02 
0.02 
0.05 

MG/L < 0.01 
< 0.01 
< 0.01 

MG/L 0.70 
0.7 
0.40 
0.60 
0.60 
0.7 
0.6 

PCI/L 39. 
330.00 
510.00 
620.00 
450. 
370. 

PCI/L 13. 
180.00 
220.00 
220.00 
204. 
200. 

FLOW RELATIONSHIP CODE: 
0 • ON·SITE 
D • DOWN GRADIENT 

DETECTION 
FLAGS LIMIT 

0.01 
0.01 
0.01 

0.05 
0.05 
0.05 
0.05 

0.02 
0.02 
0.02 
0.02 

0.01 
0.01 
0.01 

0.1 
I 0.1 

0.1 
0.1 
0.1 
0.1 
0.1 

I 0.2 
0.2 
0.2 
0.2 
0.2 
0.2 

I 1. 
1. 
1. 
1. 
1. 
1. 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 • FILTERED SAMPLE (.45 MICRONS) 

OTHER PARAMETER VALUE FLAGS: 
I ·THE DATA FAILED THE CATION/ANION QUALITY CONTROL TEST • 

• 

PARAMETER 
UNCERTAINTY 

. 

. 

. 

. 

. 

. 

. 

. . 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

12. 
50.00000 
6o:ooooo 
80.00000 
64. 
70. 

6. 
20.00000 
20.00000 
30.00000 
37. 
30. 

• 
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• • TABLE D.7.3 • GROUNDWATER QUALITY DATA BY PARAMETER: HALGAITO SHALE 

LOCATION 
PARAMETER NAME ID 

IRON 0910 
0910 
0911 
0912 
0912 
0912 
0912 

LEAD 0910 
0911 
0912 
0912 

LEAD-210 0911 
0912 
0912 

MAGNESIUM 0910 
0910 
0911 
0912 
0912 
0912 
0912 

MANGANESE 0910 
0910 
0911 
0912 
0912 
0912 
0912 

MERCURY 0910 
0911 
0912 
0912 
0912 

MOLYBDENUM 0910 

FORMATION OF COMPLETION CODE: 
HM • HALGAITO MEMBER 

MONITOR WELLS 910, 911, AND 912 
SITE: ,HAT01 MEXICAN HAT 
04/13/85 TO 08/30/88 i 
REPORT DATE: 02/11/93 

SAMPLE FORM FLOW 
LOG DATE ID C!»>P REL. 

07/30/85 0001 HM D 
08/30/88 0001 HM D 
04!13/85 0001 HM 0 
04/13/85 0001 HM o' 
07/29/85 0001 HM O; 
05!18/88 0001 HM 0 
08/30/88 0001 HM 0 

07/30/85 0001 HM D 
04!13/B5 0001 HM 0 
04/13/85 0001 HM 0 
07/29/85 0001 HM 0 

04/13/85 0001 HM 0 
04/13/85 0001 HM 0 
07/29/85 0001 HM 0 

07/30/85 0001 HM D 
08/30/88 0001 HM D 
04/13/85 0001 HM 0 
04!13/85 0001 HM 0 
07/29/85 0001 HM 0 
05/18/88 0001 HM 0 
08/30/88 0001 HM 0 

07/30/85 0001 HM D 
08/30/88 0001 HM D 
04/13/85 0001 HM 0 
04/13/85 0001 HM 0 
07/29/85 0001 HM 0 
05/18/88 0001 HM 0 
08/30/88 0001 HM 0 

07/30/85 0001 HM D 
04/13/85 0001 HM 0 
04/13/85 0001 HM 0 
07/29/85 0001 HM 0 
05/18/88 0001 HM 0 

07130/85 0001 HM D 

UNITS OF tPARAMETER 
MEASURE PVI VALUE 

MG/L 0.06 
0.04 
0.09 
0.21 
0.06 

< 0.03 
0.12 

MG/L 0.03 
< 0.01 
< 0.01 

0.02 

PCI/L 1.10 
1.30 
1.10 

MG/L 86.90 
89.6 

348.00 
423.00 
430.00 
550. 
460. 

MG/L 0.15 
0.03 
0.38 
3.27 
2.54 
2.38 
3.11 

MG/L < 0.0002 
< 0.0002 

0.0004 
< 0.0002 

0.0006 

MG/L 0.10 

FLOW RELATIONSHIP CODE: 
D • DOWN GRADIENT 
0 • ON-SITE 

PARAMETER VALUE INDICATOR (PVI): < - LESS THAN DETECTION LIMIT SAMPLE ID CODES: 

FLAGS 

I 

I 

I 

0001 • FILTERED SAMPLE (.45 MICRONS) 

OTHER PARAMETER VALUE FLAGS: 
I ·THE DATA FAILED THE CATION/ANION QUALITY CONTROL TEST. 

DETECTION 
LIMIT 

0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 

0.01 
0.01 
0.01 
0.01 

1.5 
1.5 
1.5 

0.001 
0.001 
--

0.001 
0.001 
0.001 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

0.0002 
0.0002 
0.0002 
0.0002 
0.0002 

0.01 

• 
PARAMETER 

UNCERTAINTY 

. 
-
-
--
-
-
-
--
-

1.80000 
1.80000 
0.80000 

-
-
--
-
-
-
---
-
--
-
--
-
-
-
-
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TABLE D.7.3 · GROUNDWATER QUALITY DATA BY PARAMETER: HALGAITO SHALE 
MONITOR WELLS 910, 911, AND 912 
SITE: HAT01 MEXICAN HAT 
04/13/85 To d8t30i88 
REPORT DATE: 02/11/93 

LOCATION SAMPLE I'ORM FLOW UNITS OF PARAMETER 
PARAMETER NAME ID LOG DATE ID COMP REL. MEASURE PVI VALUE 

MOLYBDENUM 0910 08/30/88 0001 HM D MG/L 0.04 
0911 04/13/85 0001 HM 0 < 0.01 
0912 04/13/85 0001 HM 0 < 0.01 
0912 07/29/85 0001 HM 0 0.15 
0912 05/18/88 0001 HM 0 0.01 
0912 08/30/88 0001 HM 0 0.11 

NET GROSS ALPHA * 0910 08/30/88 0001 HM D PCI/L 17.53 
0911 04/13/85 0001 HM 0 -82.97 
0912 04/13/85 0001 HM 0 4.42 
0912 07/29/85 0001 HM 0 87.66 
0912 05/18/88 0001 HM 0 -71.36 
0912 08/30/88 0001 HM 0 -145.87 

NICKEL 0910 07/30/85 0001 HM D MG/L 0.11 
0910 08/30/88 0001 HM D < 0.04 
0911 04/13/85 0001 HM 0 0.08 
0912 04/13/85 0001 HM 0 0.16 
0912 07/29/85 0001 HM 0 0.20 
0912 05/18/88 0001 HM 0 0.14 
0912 08/30/88 0001 HM 0 0.25 

NITRATE 0910 08/30/88 0001 HM D MG/L 18. 
0911 04/13/85 0001 HM 0 8.10 
0912 04/13/85 0001 HM 0 8.00 
0912 07/29/85 0001 HM 0 < 1.00 
0912 05/18/88 0001 HM 0 286. 
0912 08/30/88 0001 HM 0 230. 

NITRITE 0911 04/13/85 0001 HM 0 MG/L 0.00 
0912 04/13/85 0001 HM 0 0.00 
0912 07/29/85 0001 HM 0 < 0.10 

NITRITE AND NITRATE 0910 08/30/88 0001 HM D MG/L 4.1 
0912 05/18/88 0001 HM 0 65. 
0912 08/30/88 0001 HM 0 52. 

* NET GROSS ALPHA (GROSS ALPHA · URANIUM) WITH 1 MG URANIUM = 686 PCI 

FORMATION OF COMPLETION CODE: 
HM · HALGAITO MEMBER 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT 

FLOW RELATIONSHIP CODE: 
D · DOWN GRADIENT 
0 · ON-SITE 

SAMPLE ID CODES: 

FLAGS 

I 

I 

I 

c 
c 

I 

0001 · FILTERED SAMPLE (.45 MICRONS) 

OTHER PARAMETER VALUE FLAGS: 
I ·THE DATA FAILED THE CATION/ANION QUALITY CONTROL TEST. 
c • CHANGED DETECTION LIMIT 

• 

DETECTION 
LIMIT 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

--
----

0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 

1. 
--

1. 
1. 
1. 

0. 
0. 
0.1 

1. 
1. 
1. 

PARAMETER 
UNCERTAINTY 

-
--
--
-
--
-
-
--
-
-
-
--
--
-
--
--
-
--
-
-
-
-

• 
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TABLE D.7.3 • GROUNDWATER QUALITY DATA BY PARAMETER: HALGAITO SHALE 
MONITOR WELLS 910, 911, AND 912 
SITE: HAT01 MEXICAN HAT 
04/13/85 TO 08/30/88 
REPORT DATE: 02/11/93 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP RE.L. 

PH 0910 07/30/85 0001 HM D 
0910 08/30/88 0001 HM D 
0911 04/13/85 0001 HM 0 
0912 04/13/85 0001 HM 0 

' 0912 07/29/85 0001 HM 0 
0912 05!18/88 0001 HM 0 
0912 08/30/88 0001 HM 0 

PHOSPHATE 0910 07/30/85 0001 HM D 
0911 04/13/85 0001 HM 0 
0912 04/13/85 0001 HM 0 
0912 07/29/85 0001 HM 0 
0912 05/18/88 0001 HM 0 

POLONIUM-210 0911 04/13/85 0001 HM 0 
0912 04/13/85 0001 HM 0 
0912 07/29/85 0001 HM 0 

POTASSIUM 0910 07/30/85 0001 HM D 
0910 08/30/88 0001 HM D 
0911 04/13/85 0001 HM 0 
0912 04/13/85 0001 HM 0 
0912 07!29/85 0001 HM 0 
0912 05/18/88 0001 HM 0 
0912 08/30/88 0001 HM 0 

RADIUM·226 0910 08/30/88 0001 HM D 
0911 04/13/85 0001 HM 0 
0912 04/13/85 0001 HM 0 
0912 07/29/85 0001 HM 0 
0912 05/18/88 0001 HM 0 
0912 08/30/88 0001 HM 0 

RADIUM-226 + RADIUM·228 0910 08/30/88 0001 HM D 
0911 04/13/85 0001 HM 0 
0912 04/13/85 0001 HM 0 
0912 07/29/85 0001 HM 0 

FORMATION OF COMPLETION CODE: 
HM • HALGAITO MEMBER 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
I ·THE DATA FAILED THE CATION/ANION QUALITY CONTROL TEST. 
b · CHANGED PARAMETER VALUE 
c · CHANGED DETECTION LIMIT 

UNITS OF .;;PARAMETER 
MEASURE PVI VALUE 

su 7.36 
7.40 
7.74 
6.69 
6.15 
6.39 
6.48 

MG/L < 0.10 
0.20 
0.20 

< 0.10 
< 0.1 

PCI/L < 0.60000 b 
0.40 

< 0.70000 b 

MG/L 7.80 
5.5 

28.30 
23.60 
26.80 
19.5 
27.0 

PCI/L 0.2 
1.10 
0.40 
0.30 
0.9 
0.2 

PCI/L 1.00 
L60 
1.00 
0.80 

FLOW RELATIONSHIP CODE: 
D • DOWN GRADIENT 
0 • ON·SITE 

SAMPLE ID CODES: 

I 

lc 

c 
c 

c 

FLAGS 

0001 • FILTERED SAMPLE (.45 MICRONS) 

DETECTION 
LIMIT 

. 

. 

. 

. 

. 

. 

. 

0.1 
0.1 
0.1 
0.1 
0.1 

1. 
1. 
1. 

0.01 
0.01 . 
. 

0.01 
0.01 
0.01 

0.4 
1. 
0.8 
0.5 
1. 
0.4 

. 

. 

. 

. 

• 
PARAMETER 

UNCERTAINTY 

. 

. 

. 

. . . 

. 

. 

. 

. 

. 

. 

0.60000 
0.80000 
0.70000 

. 

. 

. 

. 

. 

. 

. 

0.2 
0.60000 
0.40000 
0.20000 
0.5 
0.2 

. 

. 

. 

. 
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TABLE D.7.3 - GROUNDWATER QUALITY DATA BY PARAMETER: HALGAITO SHALE 
MONITOR WELLS 910, 911, AND 912 
SITE: HAT01 ;MEXICAN HAT ! 
04/13/85 TO 08/30/88 
REPORT DATE: 02/11/93 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP REL. 

RADIUM-226 + RADIUM-228 0912 05/18/88 0001 HM 0 
0912 08/30/88 0001 HM 0 

RADIUM-228 0910 08/30/88 0001 HM D 
0911 04/13/85 0001 HM 0 
0912 04/13/85 0001 HM 0 
0912 07/29/85 0001 HM 0 
0912 05/18/88 0001 HM 0 
0912 08/30/88 0001 HM 0 

SELENIUM 0910 07/30/85 0001 HM D' 
0911 04/13/85 0001 HM 0 
0912 04/13/85 0001 HM 0 
0912 07/29/85 0001 HM 0 
0912 05/18/88 0001 HM 0 

SILICA • SI02 0910 08/30/88 0001 HM D 
0911 04/13/85 0001 HM 0 
0912 04/13/85 0001 HM 0 
0912 07/29/85 0001 HM 0 
0912 05/18/88 0001 HM 0 
0912 08/30/88 0001 HM 0 

SILVER 0910 07/30/85 0001 HM D 
0911 04/13/85 0001 HM 0 
0912 04/13/85 0001 HM 0 
0912 07/29/85 0001 HM 0 
0912 05/18/88 0001 HM 0 

SODIUM 0910 07/30/85 0001 HM D 
0910 08/30/88 0001 HM D 
0911 04/13/85 0001 HM 0 
0912 04/13/85 0001 HM 0 
0912 07/29/85 0001 HM 0 
0912 05/18/88 0001 HM 0 
0912 08/30/88 0001 HM 0 

SPECIFIC CONDUCTANCE 0910 07/30/85 0001 HM D 

FORMATION OF COMPLETION CODE: 
HM· • HALGAITO MEMBER 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
I • THE DATA FAILED THE CATION/ANION QUALITY CONTROL TEST. 
b • CHANGED PARAMETER VALUE 

• 

UNITS OF PARAMETER 
MEASURE PVI VALUE 

PCI/L 1.40 
0.70 

PCI/L 0.8 I 
0.50 
0.60 

< 1.20000 b 
0.5 

< 0.9 

MG/L < 0.005' 
< 0.005 
< 0.005 
< 0.005 
< 0.005 

MG/L 20. 
26.00 
32.00 
30.00 
36. 
34. 

MG/L < 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 

MG/L 249.00 
188. 
454.00 
340.00 
390.00 
600. 
503. 

UMHO/CM 2400.00 

FLOW RELATIONSHIP CODE: 
0 • ON-SITE 
D • DOWN GRADIENT 

SAMPLE ID CODES: 

b 

I 

I 

FLAGS 

0001 • FILTERED SAMPLE (.45 MICRONS) 

DETECTION 
LIMIT 

-
-

1. 
1. 
1. 
1. 
1. 
1. 

0.005 
0.005 
0.005 
0.005 
0.005 

2. 
2. 
2. 
2. 
2. 
2. 

0.01 
0.01 
0.01 
0.01 
0.01 

0.002 
0.002 
-
-

0.002 
0.002 
0.002 

-

PARAMETER 
UNCERTAINTY 

-
-

1.0 
2.40000 
2.00000 
1.20000 
1.3 
0.9 

-
--
--
-
--
--
-
--
--
-
--
-
-
--
-
-

• 



c 
I 

N 
w ....., 

• • TABLE D.7.3 - GROUNDWATER QUALITY DATA BY PARAMETER: HALGAITO SHALE 

LOCATION 
PARAMETER NAME ID 

SPECIFIC CONDUCTANCE 0910 
0911 
0912 
0912 
0912 
0912 

STRONTIUM 0910 
0911 
0912 
0912 

SULFATE 0910 
0910 
0911 
0912 
0912 
0912 
0912 

SULFIDE 0911 
0912 
0912 

TEMPERATURE 0910 
0910 
0911 
0912 
0912 
0912 
0912 

THORIUM-230 0910 
0911 
0912 
0912 
0912 

FORMATION OF COMPLETION CODE: 
HM - HALGAITO MEMBER 

MONITOR WELLS 910,.911, AND 912 
SITE: HAT01 MEXICAN HAT 
04/13/85 TO 08/30/88 
REPORT DATE: 02/11i93 

-

SAMPLE FORM FLOW 
LOG DATE ID CCJ4P REL. 

08/30/88 0001 HM D, 
04/13/85 0001 HM 0 
04/13/85 0001 HM o' 
07/29/85 0001 HM 0 
05/18/88 0001 HM 0 
08/30/88 0001 HM o·' 

07/30/85 0001 HM D 
04/13/85 0001 HM 0' 
04/13/85 0001 HM 0 
07/29/85 0001 HM 0 

07/30/85 0001 HM D 
08/30/88 0001 HM D 
04/13/85 0001 HM 0 
04/13/85 0001 HM 0 
07/29/85 0001 HM 0 
05/18/88 0001 HM 0 
08/30/88 0001 HM 0 

04/13/85 0001 HM 0 
04/13/85 0001 HM 0 
07/29/85 0001 HM 0 

07/30/85 0001 HM D 
08/30/88 0001 HM D 
04/13/85 0001 HM 0 
04/13/85 0001 HM 0 
07/29/85 0001 HM 0 
05/18/88 0001 HM 0 
08/30/88 0001 HM 0 

08/30/88 0001 HM D 
04/13/85 0001 HM 0 
04/13/85 0001 HM 0 
07/29/85 0001 HM 0 
05/18/88 0001 HM 0 

UNITS OF ,_,PARAMETER 
MEASURE PVI'!i: VALUE . 

UMHO/CM 1750. 
4500.00 
4500.00 
6550.00 
4900. 
4800. 

MG/L < 0.10 
< 0.10 
< 0.10 
< 0.10 

MG/L 947.00 
901. 

3170.00 
3040.00 
3100.00 
3910. 
3600. 

MG/L < 0.10 
< 0.10 
< 0.10 

C - DEGREE 27.00 
18.0 
22.00 
23.00 
21.00 
17.0 
17. 

PCI/L < 0.3 
7.20 
1.30 
0.20 
0.3 

FLOW RELATIONSHIP CODE: 
D - DOWN GRADIENT 
0 - ON-SITE 

PARAMETER VALUE INDICATOR CPVI): < - LESS THAN DETECTION LIMIT SAMPLE ID CODES: 

FLAGS 

I 

ld 

c 
c 

0001 - FILTERED SAMPLE (.45 MICRONS) 

OTHER PARAMETER VALUE FLAGS: 
I - THE DATA FAILED THE CATION/ANION QUALITY CONTROL TEST. 
c • CHANGED DETECTION LIMIT 
d • CHANGED DETECTION LIMIT AND PARAMETER VALUE 

DETECTION 
LIMIT 

-
--
---

0.1 
0.1 
0.1 
0.1 

0.1 
0.1 
-
-

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

. 

. 

. 
-. 
--

0.1 
1. 
1. 
0.7 
0.4 

• 
PARAMETER 

UNCERTAINTY 

-
--
-
-
-
-
-
--
- -· .... -"': 

-
-
-- !l 

:.t . ,.;:,.,;; -. 
-. 
. 

-
-. 
. 
. 
. 
-

0.3 
1.90000 
1.00000 
0.50000 
0.1 
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TABLE D.7.3 - GROUNDWATER QUALITY DATA BY PARAMETER: HALGAITO SHALE 
MONITOR WELLS 910, 911, AND 912 
SITE: HAT01 MEXICAN HAT 
04/13/85 TO 08/30/88 
REPORT DATE: 02/11/93 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP REL. 

THORIUM-230 0912 08/30/88 0001 HM 0 

TIN 0910 07/30/85 0001 HM D 
0911 04/13/85 0001 HM 0 
0912 04/13/85 0001 HM 0 
0912 07/29/85 0001 HM 0 

TOTAL DISSOLVED SOLIDS 0910 07/30/85 0001 HM D 
0910 08/30/88 0001 HM D 
0911 04/13/85 0001 HM 0 
0912 04!13/85 0001 HM 0 
0912 07!29/85 0001 HM 0 
0912 05/18/88 0001 HM 0 
0912 08/30/88 0001 HM 0 

TOTAL ORGANIC CARBON 0912 07/29/85 0001 HM 0 

URANIUM 0910 07/30/85 0001 HM D 
0910 08/30/88 0001 HM D 
0911 04!13/85 0001 HM 0 
0912 04/13/85 0001 HM 0 
0912 07/29/85 0001 HM 0 
0912 05/18/88 0001 HM 0 
0912 08/30/88 0001 HM 0 

VANADIUM 0910 07/30/85 0001 HM D 
0910 08/30/88 0001 HM D 
0911 04/13/85 0001 HM 0 
0912 04/13/85 0001. HM 0 
0912 07/29/85 0001 HM 0 
0912 05/18/88 0001 HM 0 
0912 08/30/88 0001 HM 0 

ZINC 0910 07/30/85 0001 HM D 
0910 08/30/88 0001 HM D 
0911 04/13/85 0001 HM 0 
0912 04/13/85 0001 HM 0 
0912 07/29/85 0001 HM 0 

FORMATION OF COMPLETION CODE: 
HM • HALGAITO MEMBER 

PARAMETER VALUE INDICATOR (PVI): < - LESS THAN DETECTION LIMIT 

UNITS OF PARAMETER 
MEASURE PVI VALUE 

PCI/L < 0.3 

MG/L < 0.005 
< 0.005 
< 0.005 
< 0.005 

MG/L 1870.00 
1670. 
1960.00 
5250.00 
5390.00 
6670. 
6190. 

MG/L 140.00 

MG/L 0.0334 
0.0313 
0.602 
0.737 
o.n6 
0.76 
0.752 

MG/L 0.40 
0.05 

< 0.01 
< 0.01 

0.40 
0.06 
0.15 

MG/L 0.178 
0.030 
0.05 
0.06 
0.028 

FLOW RELATIONSHIP CODE: 
0 • ON·SITE 
D • DOWN GRADIENT 

SAMPLE ID CODES: 

FLAGS 

d 

I 

I 

I 

I 

0001 - FILTERED SAMPLE (.45 MICRONS) 

OTHER PARAMETER VALUE FLAGS: 
I -THE DATA FAILED THE CATION/ANION QUALITY CONTROL TEST. 
d • CHANGED DETECTION LIMIT AND PARAMETER VALUE 

• 

DETECTION 
LIMIT 

0.1 

0.005 
0.005 
0.005 
0.005 

10. 
10. 
10. 
10. 
10. 
10. 
10. 

1. 

0.003 
0.003 
0.003 
0.003 
0.003 
0.003 
0.003 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

0.005 
0.005 
0.005 
0.005 
0.005 

PARAMETER 
UNCERTAINTY 

0.3 

-
--
-
. 
. . 
. 
. 
-
-
. 

-
-. 
. 
. 
. 
. 
. . 
. 
-
-. 
. 
. 
-
-. 
. 

• 
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• • TABLE D.7.3 - GROUNDWATER QUALITY DATA BY PARAMETER: .HALGAITO SHALE 

LOCATION 
PARAMETER NAME ID 

ZINC 0912 
0912 

FORMATION OF COMPLETION CODE: 
HM - HALGAITO MEMBER 

MONITOR WELLS 910, 911, AND 912 
SITE: HAT01 .. MEXICAN HAT 
04/13/85 TO 08/30/88 
REPORT DATE: 02/11/93 

SAMPLE FORM FLOW 
LOG DATE ID COMP REL. 

05/18/88 0001 HM 0 
08/30/88 0001 HM 0 

• ~. '·l 

UNITS OF PARAMETER 
MEASURE PVI VALUE 

MG/L 0.034 
0.052 

FLOW RELATIONSHIP CODE: 
0 - ON-SITE 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT' SAMPLE ID CODES: 

FLAGS 

0001 - FILTERED SAMPLE (.45 MICRONS) 

DATA FILE NAME: M:\DART\HAT01\GWQ10005.DAT 

DETECTION 
LIMIT 

0.005 
0.005 

• 
PARAMETER 

UNCERTAINTY 

-
-
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TABLE D.7.4 - GROUNDWATER QUALITY STATISTICS BY LOCATION: HALGAITO SHALE 
DOWNGRADIENT MONITOR WELL 934 
SITE: HAT01 MEXICAN HAT 
08/30/88 TO 12/12/91 ~ 
REPORT DATE: 02/09/93 

PARAMETER NAME I UNITS I 
COEFF. % OF STATISTICAL RANGE 

STANDARD OF NON 98% CONFIDENCE INTERVAL 
LOC.ISAMPI MINIMUM. I MAXIMUM I MEDIAN I MEAN DEViATION VARIATION DETECTS MINIMUM MAXIMUM * 

ALKALINITY I MG/L CAC031 

09341 9 .I 110.00001 743.00001 184.00001 246.6667 196.2314 0.7955 0.0 57.2380 436.0953 

ALUMINUM I MG/L I 

09341 9 1·· o.o5ool 0.20001 o.o5ool NA NA NA 88.9 •• 0.0500 0.2000 

AMMONIUM I MG/L I 

09341 6 I··· 0.10001 0.80001+ 0.39001 NA NA NA 16.7 •• 0.1000 0.8000 

ANTIMONY I MG/L I 
09341 6 1·"' o.oo3of 0.10001+ 0.01501 NA NA NA 100.0 •• 0.0030 0.1000 

ARSENIC I MG/L I 

09341 9 1 o.oo5ol 0.10001 o.o5ool NA NA NA 55.6 0.0050 0.1000 

BARIUM I MG/L I 
09341 1 1 0.01101 o.o5ool 0.03001 NA NA NA 57.1 0.0110 0.0500 

BERYLLIUM I MG/L I 
09341 4 I·· o.oo5ol o.oo5oJ•• o.oo5ol NA NA NA 100.0 •• 0.0050 0.0050 

BORON I MG/L I 

09341 5 I 0.34001 1.10001 0.60001 0.7180 0.3607 0.5024 0.0 0.1135 1.3225 

BROMIDE I MG/L I 

09~41 2 I 25.90001 39.00001+ 32.45001 NA NA NA 0.0 NA NA 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15% of the samples. 

DISTRIBUTION 
TYPE 

NORMAL 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

NORMAL 

UNKNOWN 

FOOT 
NOTE 

2 

2,6 

2,6 

2 

2 

2,4 

1 

4) The stat. range is the 87.5% confidence interval due to a sample size of 4. The maximum is the 93.8% one sided confidence int. 
6) The stat. range is the 96.9% confidence interval due to a sample size of 6. The maximum is the 98.5% one sided confidence int • 

• • 



CJ 
I 

N 
~ ..... 

• • TABLE D.7.4 - GROUNDWATER QUALITY STATISTICS BY LOCATION: HALGAITO SHALE 
DOWNGRADIENT MONITOR WELL 934 
SITE: HAT01 '.MEXICAN HAT 
08/30/88 TO 12/12/91 
REPORT DATE: 02/09/93 

PARAMETER NAME I UNITS I 
COEFF., ~ OF STATISTICAL RANGE 

LOC.ISAMPI MINIMUM I MAXIMUM I I 

STANDARD OF NON 98X CONFIDENCE INTERVAL 
MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

CADMIUM I MG/L I 
09341 1 1·· 0.00101 o.o5ool o.oo5ol NA NA NA 71.4 ** 0.0010 0.0500 

CALCIUM I MG/L I 

09341 9 1 530.00001 no.ooool 639.00001 622.7778 59.0228 0.0948 0.0 565.8011 679.7545 

CHLORIDE I MG/L J 
09341 9 1 7150.00001 14000.00001 9620.00001 9776.6667 2089.6890 0.2137 0.0 7759.4202 11793.9131 

CHROMIUM I MG/L I 

09341 9 1 o.oo5ol 0.51001 0.26001 NA NA NA 33.3 0.0050 0.5100 

COBALT I MG/L I 

09341 6 1·· 0.03001** 0.03001** 0.03001 NA NA NA 100.0 ** 0.0300 ** 0.0300 

COPPER I MG/L I 

09341 1 1 0.01001 0.10001 0.01101 NA NA NA 28.6 0.0100 0.1000 

CYANIDE I MG/L I 
09341 2 1·· 0.01001** 0.0100j** 0.01001 NA NA NA 100.0 NA NA 

FLUORIDE 1 MG/L J 
09341 8 1 o.5oool 2.40001+ 1.15001 1.1512 0.6466 0.5617 0.0 0.(.658 1.8367 

GROSS ALPHA I PCI/L I 

09341 5 1·· 0.20001 200.00001 18.20001 NA NA NA 20.0 ** 0.2000 200.0000 

-**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

NONPARAMETRIC 

NORMAL 

NORMAL 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

UNKNOWN 

NORMAL 

NONPARAMETRIC 

FOOT 
NOTE 

2 

2 

2,6 

2 

1 

2,5 

5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9X one sided confidence int. 
6) The stat. range is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int. 
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TABLE D.7.4 · GROUNDWATER QUALITY STATISTICS BY LOCATION: HALGAITO SHALE 
DOWNGRADIENT MONITOR WELL 934 
SITE: HAT01· MEXICAN HAT 
08/30/88 T0-12/12/91 
REPORT DATE: 02/09/93 

PARAMETER NAME I UNITS I 
COEFF. X OF STATISTICAL RANGE 

STANDARD OF NON 98X CONFIDENCE INTERVAL 
LOC.ISAMPI MINIMUM J MAXIMUM I MEDIAN I MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

GROSS BETA I PCI/L I 
09341 5 I** o.5oool 311.00001 34.30001 NA NA NA 0.0 ** 0.5000 311.0000 

IRON I MG/L I 

09341 91 0.01501 1.00001 0.01501 NA NA NA 55.6 0.0150 1.0000 

LEAD I MG/L I 
09341 6 I** 0.01001 0.05001+ 0.02001 NA NA NA 83.3 ** 0.0100 0.0500 

MAGNESIUM I MG/L I 

09341 9 1 4.87001 268.00001 27.30001 42.0960 5.1649 NA 0.0 8.6278 205.3905 

MANGANESE I MG/L I 

09341 9 1 0.00501 0.46001 0.00501 NA NA NA 55.6 0.0050 0.4600 

MERCURY I MG/L J 
09341 5 I"'* 0.00011 0.00011 0.00011 NA NA NA 100.0 ** 0.0001 0.0001 

MOLYBDENUM I MG/L I 

09341 9 1 0.06001 0.15001 0.10001 0.0989 0.0242 0.2448 0.0 0.0755 0.1223 

NET GROSS ALPHA *** I PCI/1: I 

09341 5 1 ·23.91001 199.66001 17.86001 NA NA NA 0.0 ·23.9100 199.6600 

NICKEL I MG/L I 

09341 9 I** 0.04001 0.05001** 0.04001 NA NA NA 88.9 ** 0.0400 0.0500 

*** NET GROSS ALPHA (GROSS ALPHA • URANIUM) WITH 1 MG URANIUM a 686 PCI 
**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value fs the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

LOGNORMAL 

NONPARAMETRIC 

NONPARAMETRIC 

NORMAL 

NONPARAMETRIC 

NONPARAMETRIC 

FOOT 
NOTE 

9,5 

2 

2,6 

7,8 

2 

2,5 

9,5 

2 

5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9X one sided confidence int. 
6) The stat. range is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int. 
7) The lognormal distribution was used because the data failed the normal distribution test. 
8) The mean is geometric. The standard deviation is the value to divide or multiply with the geometric mean. 
9) The nonparametic distribution was used because the data failed the normal distribution test and includes values ~0 • 
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TABLE D.7.4 · GROUNDWATER QUALITY STATISTICS BY LOCATION: HALGAITO SHALE 
DOWNGRADIENT MONITOR WELL 934 
SITE: HAT01 MEXICAN HAT 
08/30/88 TO 12/12/91 
REPORT DATE: 02/09/93 

PARAMETER N~E I UNITS I 
COEFF. ~%OF STATISTICAL RANGE 

LOC.ISAMPI I MAXIMUM I I 

STANDARD OF NON 98% CONFIDENCE INTERVAL 
MINIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

NITRATE I MG/L I 

09341 8 J o.5oool 32.00001+ 4.ooool 3.5107 4.3522 NA 12.5 0.7386 16.6876 

NITRITE AND NITRATE I MG/L I 

09341 4 I o.5oool 2.23001+ 0.90501 NA NA NA 50.0 0.5000 2.2300 

PH lsu I 
09341 9 I 7.70001 11.17001 10.53001 NA NA NA 0.0 NA NA 

PHOSPHATE I MG/L -I 

09341 4 1·· 0.10001 0.20001** 0.10001 NA NA NA 50.0 ** 0.1000 0.2000 

POTASSIUM I MG/L I 

09341 9 1 31.00001 95.90001 49.00001 53.2718 18.0794 0.3393 0.0 35.8251 70.7304 

RADIUM-226 I PCI/L l 
09341 6 1·· 0.90001 2.30001** 0.90001** 0.9000 0.7396 0.8701 0.0 ** 0.9000 1.8660 

RADIUM-226 + RADIUM-228 I PCI/L I 
09341 6 1 1.40001 12.00001+ 2.25001 2.6489 2.1583 NA 0.0 0.9206 7.6216 

RADIUM-228 I PCI/L J 
09341 6 1·· 1.00001 11.30001+ 1.40001 1.2362 4.5571 NA 0.0 ** 1.0000 9.9306 

REDOX POTENTIAL I mVOLTS I 
09341 1 1 401.00001 401.00001 401.00001 NA NA NA 0.0 NA NA 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median_value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
1) A minimum of _4 samples must be available for the statistical analysis. 
2> The nonparametric distribution was used because the nondetected values comprise more than 15% of the samples. 

DISTRIBUTION 
TYPE 

LOGNORMAL 

NONPARAMETRIC 

UNKNOWN 

NONPARAMETRIC 

NORMAL 

NORMAL 

LOGNORMAL 

LOGNORMAL 

UNKNOWN 

FOOT 
NOTE 

7,8 

2,4 

2,4 

7,8 

7,8 

1 

4) The stat. range is the 87.5% confidence interval due to a sample size of 4. The maximum is the 93.8% one sided confidence int. 
7) The lognormal distribution was used because the data failed the normal distribution test. 
8) The mean is geometric. The standard deviation is the value to divide or multiply with the geometric mean. 
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TABLE D.7.4 - GROUNDWATER QUALITY STATISTICS BY LOCATION: HALGAITO SHALE 
DOWNGRADIENT MONITOR WELL 934 
SITE: HAT01 MEXICAN HAT 
08/30/88 TO 12/12/91 
REPORT DATE: 02/09/93 

PARAMETER NAME I UNITS I COEFF. X OF STATISTICAL RANGE 

LOC.ISAMPI MINIMUM I MAXIMUM I I 

STANDARD OF NON 98X CONFIDENCE INTERVAL 
MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

SELENIUM I MG/L I 
09341 1 1·· o.oo5ol 0.06501 o.025ol NA NA NA 85.7 ** 0.0050 0.0650 

SILICA - SI02 I MG/L I 

09341 1 1 2.8oool 8.ooool 6.ooool 5.5000 2.0191 0.3671 0.0 ' 3.1015 7.8985 

SILVER I MG/L I 
09341 1 1·· o.o1oo 1 0.01451** 0.01001 NA NA NA 85.7 ** 0.0100 0.0145 

SOOIUM I MG/L J 
09341 9 J 592o.ooool_ 98oo.ooool_ 852o.ooool 8185.5556 1290.5727 o.15n 0.0 6939.7228 9431.3884 

SPECIFIC CONDUCTANCE l UMHO/CM I 
093~ 9 J 30o.ooooJ 31600.00001 27000.00001 21051.1111 11733.8404 0.5574 0.0 9724.0438 32378.1784 

STRONTIUM I MG/L I 

09341 5 1 12.00001 14.50001 13.00001 13.3200 1.0569 0.0793 0.0 11.5490 15.0910 

SULFATE I MG/L I 

09341 8 1 811.00001 7890.00001+ 7145.00001 6131.5375 2467.1032 0.4024 0.0 3516.5239 8746.5511 

SULFIDE I MG/L I 

09341 3 1·· 0.10001 20.40001 o.3oool NA NA NA 33.3 NA NA 

TEMPERATURE I c - DEGREEI 

09341 9 1 15.30001 22.5oooJ 17.90001 18.0222 2.0401 0.1132 0.0 16.0529 19.9916 

THALLIUM I MG/L I 

09341 4 1·· 0.01001 o.o5ool• 0.03501 NA NA NA 75.0 ** 0.0100 0.0500 

** The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

NONPARAMETRIC 

NORMAL 

NONPARAMETRIC 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

UNKNOWN 

NORMAL 

NONPARAMETRIC 

FOOT 
NOTE 

2 

2 

1 

2,4 

4) The stat. range is the 87.5X confidence interval due to a sample size of 4. The maximum is the 93.8X one sided confidence int • 
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• • TABLE 0.7.4 - GROUNDWATER QUALITY STATISTICS BY LOCATION: HALGAITO SHALE 
DOWNGRADIENT MONITOR WELL 934 
SITE:. HAT01 MEXICAN HAT. , 
08/30/88 TO 12/12/91 .. 
REPORT DATE: 02/09/93 

PARAMETER NAME I UNITS J COEFF. ·"'OF STATISTICAL RANGE 
STANDARD OF NON 98" CONFIDENCE INTERVAL 

LOC.ISAMPI MINIMUM I MAXIMUM I MEDIAN I MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM* 

THORIUM-230 I PCI/L I 
09341 3 ·I·· 0.10001 0.60001 0.20001 NA NA NA 33.3 NA NA 

TIN I MG/L J 
09341 6 I·· o.oo5ol 0.57401+ 0.02001 NA NA NA 66.7 ** 0.0050 0.5740 

TOTAL DISSOLVED SOLIDS I MG/L .I 

09341 9 1 22ooo.oooo1 29ooo.ooool 257oo.ooool 25748.oooo 2351.8495 0.0913 0.0 23477.6813 28018.3187 

TOTAL KJELDAHL NITROGEN I MG/L I 
09341 2 1·· 1.00001 3.00001+ 1. 75001 NA NA NA 50.0 NA NA 

TOTAL ORGANIC CARBON I MG/L I 
09341 1 I 19.00001 19.00001 19.00001 NA NA NA 0.0 NA NA 

URANIUM I MG/L I 

09341 8 1·· 0.00031 0.04801+ 0.00771 NA NA NA 37.5 ** 0.0003 0.0480 

VANADIUM I MG/L I 
09341 9 I·· 0.01001 0.07001** 0.01001 NA NA NA 66.7 ** 0.0100 0.0700 

ZINC I MG/L I 

09341 9 I·· 0.00261 0.08601 0.01301 NA NA NA '33.3 ** 0.0026 0.0860 

**.The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15" of the samples. 

DISTRIBUTION 
TYPE 

UNKNOWN 

NONPARAMETRIC 

NORMAL 

UNKNOWN 

UNKNOWN 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

FOOT 
NOTE 

1 

2,6 

1 

1 

2 

2 

2 

6) The stat. range is the 96.9X confidence interval .due to a sample size of 6. The maximum is the 98.5" one sided confidence Int. 

INPUT DATA FILENAME: M:\DART\HAT01\GW010001.DAT 
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TABLE D.7.5 • GROUNDWATER QUALITY STATISTICS BY PARAMETER 
HONAKER ·TRAIL MONITOR WELLS 907 I 908 I 909 I AND 930 
SITE: HAT01 MEXICAN HAT~ 
05/18/88 TO 12/13/91 
REPORT DATE: 02/09/93 

PARAMETER NAME I UNITS I COEFF; X OF STATISTICAL RANGE 

#OF SAMPI I MAXIMUM I I 

STANDARD OF NON 98X CONFIDENCE INTERVAL 
MINIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM 

ALKALINITY I MG/L cAcoll 

10 I 34.00001 159.00001+ 143.50001 115.7000 48.2172 0.4167 0.0 72.6865 

ALUMINUM I MG/L I 
10 

I 0.02501 0.20001+ 0.05251 NA NA NA 50.0 0.0250 

AMMONIUM I MG/L I 
. 8 l•o 0.10001 0.40001+ 0.10001 NA NA NA 37.5 ** 0.1000 

ANTIMONY I MG/L I 
3 I·· 0.00301 0.01001** 0.00301 NA NA NA 100.0 NA 

ARSENIC I MG/L I 
10 I·· 0.00201 0.05001+ o·.oo5ol NA NA NA 60.0 0.0050 

BARIUM I MG/L I 
4 I·· 0.00221 o.o5ool• o.oo5ol NA NA NA 100.0 ** 0.0022 

BERYLLIUM I MG/L I 
1 I·· o.oo5ol•• o.oo5ol•• o.oo5ol NA NA NA 100.0 NA 

BORON I MG/L I 
1 I 0.59001 0.59001 0.59001 NA NA NA 0.0 NA 

BROMIDE I MG/L I 
2 I 0.60001 1.00001+ o.8oool NA NA NA 50.0 NA 

CADMIUM I MG/L I 
4 I·· 0.00101 0.00481** 0.00101 NA NA NA 75.0 ** 0.0010 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
1) A minimum of 4 sarrples must be available for the statfs.tfcal analysis. 

MAXIMUM* 

158.7135 

0.2000 

0.4000 

NA 

0.0300 

0.0500 

NA 

NA 

NA 

0.0048 

2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the sarrples. 

DISTRIBUTION FOOT 
TYPE NOTE 

NORMAL 

NONPARAMETRIC 2 

NONPARAMETRIC 2 

UNKNOWN 1 

NONPARAMETRIC 2 

NONPARAMETRIC 2,4 

UNKNO\IN 1 

UNKNO\IN 1 

UNKNO\IN 1 

NONPARAMETRIC 2,4 

4) The stat. range is the 87.5X confidence interval due to a sarrple size of 4. The maximum is the 93.8X one sided confidence int • 
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• • TABLE D.7.5 - GRoUNDWATER QUALITY STATISTICS BY PARAMETER 
HONAKER TRAIL MONITOR WELLS 907, 908, 909, AND 930 
SITE: HATOt; MEXICAN HAT 
05/18/88 TO 12/13/91 
REPORT DATE: 02/09/93 

PARAMETER NAME I UNITS I 
COEFF. i'X OF STATISTICAL RANGE 

f# OF SAMPI I MAXIMUM I I 

STANDARD OF NON 98X CONFIDENCE INTERVAL 
MINIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM 

CALCIUM I MG/L J 
10 I 158.00001 480.00001+ 340.50001 316.6000 115.6299 0.3652 0.0 213.4491 

CHLORIDE I MG/L I 
10 

I 36.00001 260.00001+ 92.00001 106.5000 73.3261 0.6885 0.0 41.0873 

CHROMIUM I MG/L I 
10 I 0.00421 . 0.10001+ o.oo5oj NA NA NA 50.0 0.0050 

COBALT I MG/L I 
2 I·· 0.03001** 0.03001** 0.03001 NA NA NA 100.0 NA 

COPPER I MG/L I 
3 I o.oo5ol 0.00661 o.oo5ol NA NA NA 66.7 NA 

CYANIDE I MG/L I 
1 I·· 0.01001** 0.01001** 0.01001 NA NA NA 100.0 NA 

FLUORIDE I MG/L J 
9 I 1.20001 1.50001 1.30001 1.3556 0.1014 0.0748 0.0 1.2577 

GROSS ALPHA I PCI/L I 
10 I·· 0.20001 32.80001+ 14.50001 14.9300 11.5155 0.7713 10.0 4 .• 6573 

GROSS BETA I PCI/L I 
10 

I 
·o.7oool 53.00001+ 25.00001 22.8800 14.9932 0.6553 0.0 9.5049 

IRON I MG/L I 
10 I . 0.01501 0.18001+ 0.02751 NA NA NA 50.0 0.0150 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of. the two middle values 
* The statistical maximum is· the 99 percent one sided confidence interval,«= 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 

MAXIMUM* 

419.7509 

171.9127 

0.1000 

NA 

NA 

NA 

1.4534 

25.2027 

36.2551 

0.1400 

2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

• 
DISTRIBUTION FOOT 

TYPE NOTE 

NORMAL 

NORMAL 

NONPARAMETRIC 2 

UNKNOWN 1 

UNKNOWN 1 

UNKNOWN 1 

NORMAL 

NORMAL 

NORMAL 

NONPARAMETRIC 2 
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TABLE D.7.5 - GROUNDWATER QUALITY STATISTICS BY PARAMETER 
HONAKER TRAIL MONITOR WELLS 907, 908, 909, AND 930 
SITE: HAT01 MEXICAN HAT 
05/18/88 TO 12/13/91 
REPORT DATE: 02/09/93 

PARAMETER NAME I UNITS I COEFF. X OF STATISTICAL RANGE 

tl OF SAMPI MINIMUM I MAXIMUM I I 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM 

LEAD I MG/L I 
3 I·· 0.00171 0.00251 0.00251 NA NA NA 100.0 NA 

MAGNESIUM I MG/L I 
10 I 57.60001 187.00001+ 145.50001 127.6600 48.7921 0.3822 0.0 84.1336 

MANGANESE I MG/L I 
10 I o.oo5ol 0.15001+ 0.01001 NA NA NA 30.0 0.0050 

MERCURY I MG/L I 
3 I·· 0.00011 0.00011 0.00011 NA NA NA 100.0 NA 

MOLYBDENUM I MG/L I 
10 I 0.02001 0.05001+ 0.03501 0.0344 0.0131 0.3806 0.0 0.0227 

NET GROSS ALPHA *** I PCI/L I 
10 I -37.63001 19.97001+ 0.18501 NA NA NA 0.0 -22.6300 

NICKEL I MG/L I 
10 I 0.00781 0.05001+ 0.02001 NA NA NA 60.0 0.0200 

NITRATE I MG/L I 
10 I· 0.50001 11.10001+ 2.85001 NA NA NA 50.0 0.5000 

NITRITE AND NITRATE I MG/L I 
8 I 0.50001 2.50001+ 0.50001 NA NA NA 62.5 0.5000 

*** NET GROSS ALPHA (GROSS ALPHA • URANIUM) WITH 1 MG URANIUM = 686 PCI 
**The reported value is the minimum detection limit of the data set 
+ The sample size Is even, so the median value Is the arithmetic average of the two middle values 
* The statistical maximum Is the 99 percent one sided confidence Interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 

MAXIMUM * 

NA 

171.1864 

0.0300 

NA 

0.0461 

16.3900 

0.0500 

9.7000 

2.5000 

DISTRIBUTION 
TYPE 

UNKNOWN 

NORMAL 

NONPARAMETRIC 

UNKNOWN 

NORMAL 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

2) The nonparametrlc distribution was used because the nondetected values comprise more than 15X of the samples. . 
9) The nonparametic distribution was used because the data failed the normal distribution test and Includes values ~0 • 
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FOOT 
NOTE 

1 

2 

1 

9 

2 

2 

2 
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• • TABLE D.7.5 - GROUNDWATER QUALITY STATISTICS BY PARAMETER 
HONAKER TRAIL MONITOR WELLS 907, 908, 909, AND 930 
SITE:, ~AT01 . MEXICAN HAT , 
05/18/88 TO 12/13/91 
REPORT DATE: 02/09/93 

PARAMETER NAME I UNITS J COEFF. x,oF _STATISTICAL RANGE 

#OF SAMPI I MAXIM~ I I 

STANDARD OF NON 98X CONFIDENCE INTERVAL 
MINIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM 

PH 1 su I 
10 

I 4.08001 9.95001+ 7.26711 NA NA NA 0.0 NA 

PHOSPHATE I MG/L I 
1 I·· 0.10001** 0.10001** 0.10001 NA NA NA 100.0 NA 

POTASSIUM I MG/L _I 
10 

I 3.ooool 9.10001+ 6.5oool 5.9300 2.0699 0.3491 0.0 4.0835 

RADIUM-226 I PCI/L I 
10 I•• 0.30001 4.1oool•• 0.30001** 0.3000 3.1740 NA 0.0 ** 0.3000 

RADIUM-226 + RADIUM-228 I PCI/L I 
10 

I 
0.20001 8.60001+ 1.20001 1.2417 3.6988 NA o.o 0.3866 

RADIUM-228 I PCI/L I 
10 I•• 1.ooool 8.5oool•• 1.oooo1•• 1 ~0000 4.6148 NA 10.0 ** 1.0000 

REDOX POTENTIAL I mVOLTS I 
1 I 350.80001 350.80001 350.80001 NA NA NA 0.0 NA 

SELENIUM I MG/L I 
4 I 0.00251 0.04001+ 0.01701 NA NA NA 50.0 0.0025 

SILICA - SI02 I MG/L I 
8 I 12.00001 17.10001+ 15.35001 15.2250 1.8321 0.1203 0.0 13.2831 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence Interval, ct = 0.01 
1) A minimum of 4 samples must·be available for the statistical analysis. 

MAXIMUM * 

NA 

NA 

7.n65 

0.7648 

3.9881 

2.n46 

NA 

0.0400 

17.1669 

2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION FOOT 
TYPE NOTE 

UNKNOWN 

UNKNOWN 1 

NORMAL 

LOGNORMAL 7,8 

LOGNORMAL 7,8 

LOGNORMAL 7,8 

UNKNOWN 1 

NONPARAMETRIC 2,4 

NORMAL 

4) The stat. range is the 87.5X confidence interval due to a sample size of 4 •. The maximum is the 93.8X one sided confidence int. 
7) The lognormal distribution was used because the data failed the normal distribution test. 
8) The mean is geometric. The standard deviation is the value to divide or multiply with the geometric mean. 
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TABLE D.7.5 • GROUNDWATER QUALITY STATISTICS BY PARAMETER 
HONAKER TRAIL MONITOR WELLS 907, 908, 909, AND 930 
SITE: HAT01 MEXICAN HAT 
05/18/88 TO 12/13/91 
REPORT DATE: 02/09/93 

PARAMETER NAME I UNITS I 
COEFF. % OF STATISTICAL RANGE 

STANDARD OF NON 98% CONFIDENCE INTERVAL 
# OF SAMPI MINIMUM I MAXIMUM I MEDIAN I MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

SILVER I MG/L I 
4 

I o.oo5ol 0.00531+ o.oo5ol NA NA NA 75.0 0.0050 0.0053 

SODIUM I MG/L I 
10 

I 292.00001 1270.00001+ 425.00001 536.0000 312.2104 0.5825 0.0 257.4838 814.5162 

SPECIFIC CONDUCTANCE I UMHO/CM I 
10 

I 
1650.00001 6000.00001+ 3090.00001 3301.0000 1443.9102 0.4374 0.0 2012.9187 4589.0813 

STRONTIUM I MG/L I 
3 I 8.26001 8.76001 8.30001 N,A NA NA 0.0 NA NA 

SULFATE I MG/L I 
9 I 1180.00001 3890.00001 2090.00001 2174.4444 967.2398 0.4448 0.0 1240.7357 3108.1532 

SULFIDE I MG/L I 
2 

I 3.60001 64.40001+ 34.00001 NA NA NA 0.0 NA NA 

TEMPERATURE I c • DEGREEI 

10 
I 

15.6oooJ 19.00001+ 17.15001 17.4800 1.2182 0.0697 0.0 16.3933 18.5667 

THALLIUM I MG/L J 
1 I·· 0.01001** 0.01001** 0.01001 NA NA NA 100.0 NA NA 

THORIUM·230 I PCI/L I 
8 I·· 0.10001 1.40001+ 0.15001 NA NA NA 37.5 ** 0.1000 1.4000 

TIN I MG/L I 
2 I·· 0.00501 0.01501+ 0.00871 NA NA NA 100.0 NA NA 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15% of the samples. 

DISTRIBUTION FOOT 
TYPE NOTE 

NONPARAMETRIC 2,4 

NORMAL 

NORMAL 

UNKNOWN 1 

NORMAL 

UNKNOWN 1 

NORMAL 

UNKNOWN 1 

NONPARAMETR I C 2 

UNKNOWN 1 

4) The stat. range is the 87.5% confidence interval due to a sample size of 4. The maximum is the 93.8% one sided confidence int • 
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TABLE D.7.5 · GROUNDWATER QUALITY STATISTICS BY PARAMETER 
HONAKER TRAIL MONITOR WELLS 907, 908, 909, AND 930 
SITE: HAT01 ,'MEXICAN HAT : 
05/18/88 TO 12!13/91 ' 
REPORT DATE: 02/09/93 

PARAMETER NAME I UNITS J COEFF. "'X OF STATISTICAL RANGE 
STANDARD OF ., NON 98X CONFIDENCE INTERVAL 

# OF SAMP I MINIMUM I MAXIMUM I MEDIAN I MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

TOTAL DISSOLVED SOLIDS I MG/L I 
10 1 182o.ooool 6580.00001+ 3530.00001 3537.0000 1566.1563 0.4428 0.0 2139.8656 4934.1344 

TOTAL KJELDAHL NITROGEN I MG/L J 
1 I·· 1.00001** 1.00001** 1.00001 NA NA NA 100.0 NA NA 

TOTAL ORGANIC CARBON I MG/L I 
1 I•• 1.00001** 1.00001** 1.00001 NA NA NA 100.0 NA NA 

URANIUM I 'MG/L I 
10 

I 0.00151 0.06361+ 0.02111 NA NA NA 20.0 0.0015 0.0500 

VANADIUM I MG/L I 
10 I•• 0.00511 0.09001+ 0.05001' NA NA NA 20.0 ** 0.0051 0.0600 

ZINC I MG/L J 
10 I·· 0.00261 0.02601** 0.00261 NA NA NA 70.0 ** 0.0026 0.0060 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametrfc distribution was Used because the nondetected values comprise more than 15X of the samples. 

INPUT DATA FILENAME: M:\DART\HAT01\GWQ10002.DAT 

• 
DISTRIBUTION FOOT 

TYPE NOTE 

NORMAL 

UNKNOWN 1 

UNKNOWN 1 

NONPARAMETRIC 2 

NONPARAMETRIC 2 

NONPARAMETRIC 2 
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PARAMETER NAME 

#OF SAMPI MINIMUM 
I MAX.IMUM I 

ALKALINITY 

14 
I 

8.ooooj 244.00001+ 

ALUMINUM 

16 I 0.16001 24.00001+ 

ALUMINUM (TOTAL) 

8 I·· 0.10001 2.40001+ 

AMMONIUM 

4 
I 6.90001 94.10001+ 

AMMONIUM (TOTAL) 

4 
I 12.20001 102.00001+ 

ANTIMONY 

16 I** 0.00301 0.03801+ 

ANTIMONY (TOTAL) 

8 I** 0.00301 0.04001+ 

ARSENIC 

16 I·· 0.00201 5.40001+ 

ARSENIC (TOTAL) 

8 I·· 0.01001 4.80001+ 

BARIUM 

16 I·· 0.00221 0.02001+ 

TABLE D.7.6 · LYSIMETER WATER QUALITY STATISTICS BY PARAMETER 
ALL LYSIMETERS INCLUDED (241, 242, 243, AND 244) 
SITE: HAT01 MEXICAN HAT 
04/23/90 TO 12/12/91 
REPORT DATE: 02/09/93 

I UNITS I 
COEFF. X OF STATISTICAL RANGE 

STANDARD OF NON 98X CONFIDENCE INTERVAL 
MEDIAN 

I 
MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

I MG/L CAC031 

121.0oooJ 127.9286 81.9056 0.6402 0.0 69.9195 185.9376 

I MG/L I 
0.97501 2.0258 6.3583 NA o.o 0.6082 6.7478 

I MG/L I 
0.60001 NA NA NA 25.0 ** 0.1000 2.4000 

I MG/L I 
13.40001 18.4690 3.0962 NA 0.0 1.4192 240.3585 

I MG/L I 
15.65001 23.3947 2.7020 NA 0.0 2.4489 223.4937 

I MG/L I 
0.01001 NA NA NA 56.3 0.0030 0.0200 

I MG/L I 
0.00371 NA NA NA 50.0 ** 0.0030 0.0400 

I MG/L I 
0.19251 NA NA NA 43.8 0.0050 3.5000 

I MG/L I 
0.33001 NA NA NA 25.0 ** 0.0100 4.8000 

I MG/L I 
0.01001 NA NA NA 25.0 ** 0.0022 0.0100 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 
7) The lognormal distribution was used because the data failed the normal distribution test. 
8) The mean is geometric. The standard deviation is the value to divide or multiply with the geometric mean • 
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DISTRIBUTION FOOT 
TYPE NOTE 

NORMAL 

LOGNORMAL 7,8 

NONPARAMETRIC 2 

LOGNORMAL 7,8 

LOGNORMAL 7,8 

NONPARAMETRIC 2 

NONPARAMETRIC 2 

NONPARAMETRIC 2 

NONPARAMETRIC 2 

NONPARAMETRIC 2 

• 



0 
I 

N 
U'1 
w 

• 
PARAMETER NAME I UNITS 

#I OF SAMPI MINIMUM I MAXIMUM I MEDIAN I 
BARIUM (TOTAL) I MG/L 

8 I·· 0.10001** 0.10001** 0.10001 

BERYLLIUM I MG/L 

4 I·· o.oo5ol 0.00901** o.oo5ol 

BERYLLIUM (TOTAL) I MG/L 

8 I·· 0.01001** 0.01001** 0.01001 

BORON I MG/L 

8 
J 0~ 10001 1.81001+ 0.22001 

BORON (TOTAL) I MG/L 

8 
I 0.20001 1.00001+ 0.30001 

BROMIDE I MG/L 

8 I·· 0.10001 0.40001+ 0.15001 

CADMIUM I MG/L 

16 I** 0.00101 0.11101+ 0.03201 

CADMIUM (TOTAL) I MG/L 

8 
J 0.00201 o.o55ol• o.oo551 

CALCIUM I MG/L 

16 
I 410.00001 596.00001+ 461.50001 

• ~'· ,Z)-

TABLE D.7.6 - LYSIMETER WATER QUALITY STATISTICS BY PARAMETER 
ALL LYSIMETERS INCLUDED (241, 242, 243, AND 244) 
SITE: HAT01 •. MEXICAN HAT 
04/23/90 TO 12/12/91 
REPORT DATE: 02/09/93 

J COEFF. X. OF ,STATISTICAL RANGE 
;~~ 

STANDARD OF NON 98% CONFIDENCE INTERVAL 
MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

I 
NA NA NA 100.0 ** 0.1000 ** 0.1000 

I 
. NA NA NA 50.0 ** 0.0050 0.0090 

I 
NA NA NA 100.0 ** 0.0100 ** 0.0100 

-I 

0.2408 2.3899 NA 12.5 0.0956 0.6064 

I 
0.4250 0.3012 0.7087 0.0 0.1058 0.7442 

I 
0.1938 0.1266 0.6534 12.5 ** 0.1000 0.3279 

I 
NA NA NA 18.8 0.0098 0.0510 

I 
0.0082 3.8876 NA o.o 0.0019 0.0345 

I 
474.8125 49.0975 0.1034 0.0 442.8746 506.7504 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a= 0.01 
2) The nonparametric distribution was used because the nondetected values comprise more than 15% of the samples. 

DISTRIBUTION FOOT 
TYPE NOTE 

NONPARAMETRIC 2 

NONPARAMETRIC 2,4 

NONPARAMETRIC 2 

LOGNORMAL 7,8 

NORMAL 

NORMAL 

NONPARAMETRIC 2 

LOGNORMAL 7,8 

NORMAL 

4) The stat. range is the 87.5% confidence interval due to a sample size of 4. The maximum is the 93.8% one sided confidence int. 
7) The lognormal distribution was used because the data failed the normal distribution test. 
8) The mean is geometric. The standard deviation Is the value to divide or multiply with the geometric mean. 
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PARAMETER NAME I UNITS 

# OF SAMPI MINIMUM 
I MAXIMUM I MEDIAN 

I 
CALCIUM (TOTAL) I MG/L 

8 I 433.00001 583.00001+ 471.00001 

CHLORIDE I MG/L 

16 I 22.00001 40.00001+ 30.50001 

CHLORIDE (TOTAL) I MG/L 

8 
I 32.00001 46.00001+ 34.50001 

CHRoMIUM I MG/L 

16 I·· 0.00321 0.13001+ 0.00501 

CHROMIUM (TOTAL) I MG/L 

8 I·· 0.01001** 0.01001** 0.01001 

COBALT I MG/L 

12 I 1.32001 3.90001+ 1.76501 

COBALT (TOTAL) I MG/L 

8 
I 0.93001 2.42001+ 1.25001 

COPPER I MG/L 

16 
I 0.00501 14.10001+ 0.05901 

COPPER (TOTAL) I MG/L 

8 I·· 0.02001 0.61001** 0.02001 

FLUORIDE I MG/L 

12 
I 0.19001 5.10001+ 2.75001 

TABLE D.7.6 - LYSIMETER WATER QUALITY STATISTICS BY PARAMETER 
ALL LYSIMETERS INCLUDED (241, 242, 243, AND 244) 
SITE: HAT01 MEXICAN HAT . 
04/23/90 TO 12/12!91 1·· 
REPORT DATE: 02/09/93 

I 
COEFF. X OF STATISTICAL RANGE 

STANDARD OF NON 98X CONFIDENCE INTERVAL 
MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

I 
491.7500 56.1649 0.1142 0.0 432.2178 551.2822 

I 
32.8750 6.1522 . 0.1871 0.0 28.8730 36.8no 

I 
36.7500 5.6505 0.1538 0.0 30.7607 42.7393 

I 
NA NA NA 87.5 ** 0.0032 0.0050 

I 
NA NA NA 100.0 ** 0.0100 ** 0.0100 

I 
2.1742 0.8141 0.3745 o.o 1.5354 2.8130 

I 
1.4650 0.5070 0.3461 0.0 0.9276 2.0024 

I 
0.1924 13.1707 NA 6.3 0.0360 1.0294 

I 
NA NA NA 50.0 ** 0.0200 0.6100 

I 
2.n42 1.3978 0.5131 0.0 1.6274 3.8209 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 
7) The lognormal distribution was used because the data failed the normal distribution test. 
8) The mean is geometric. The standard deviation is the value to divide or multiply with the ~eometric mean • 
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DISTRIBUTION FOOT 
TYPE NOTE 

NORMAL 

NORMAL 

NORMAL 

NONPARAMETRIC 2 

NONPARAMETRIC 2 

NORMAL 

NORMAL 

LOGNORMAL 7,8 

NONPARAMETRIC 2 

NORMAL· 
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PARAMETER NAME I UNITS 

#OF SAM~~ MINIMUM I MAXIMUM I MEDIAN I 
FLUORIDE (TOTAL) I MG/L 
- I o.3oool 1.80001+ o.55ool 4 

GROSS ALPHA I PCI/L 

11 I 170.00001 2264.00001 1673.00001 

GROSS BETA J PCI/L 

11 I 11o.ooool 1197.ooool 6n.ooool 

IRON I MG/L 

16 I 0.01501 732.00001+ 182.50001 

IRON (TOTAL) I MG/L 

8 I 5.54001 426.00001+ 254.00001 

LEAD I MG/L 

16 I·· 0.00171 0.03701+ 0.01501 

LEAD (TOTAL) ~ MG/L 

8 I·· 0.01001 0.01001** 0.01001 

MAGNESIUM I MG/L 

16 I 199.00001 362.ooool+ 2n.5oool 

MAGNESIUM (TOTAL) I MG/L 

8 I 167.00001 306.00001+ 237.50001 

MANGANESE I MG/L 

16 I 26.00001 136.00001+ 34.65001 

• ·~.. .. 
TABLE 0.7.6 -. LYSIMETER IIATER QUALITY STATISTICS BY PARAMETER 
ALL LYSIMETERS INCLUDED (241, 242, 243, AND 244) 
SITE: 'HAT01 MEXICAN HAT . 
04/23/90 TO 12/12/91 
REPORT DATE: 02/09/93 

I COEFF. i:'OF STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM* 

I 
0.8000 0. 7071 0.8839 0.0 ** 0.1000 2.4055 

I 
128o.n73 850.7636 0.6643 0.0 511.no2 1989.7343 

I 
591.2727 427.4614 0.7230 0.0 235.0361 947.5093 

I 
32.6857 38.5930 NA 6.3 3.0362 351.8691 

I 
231.1488 170.0834 0.7358 0.!) 50.8683 411.4292 

I 
NA NA NA 87.5 0.0025 0.0210 

I 
NA NA NA 50.0 ** 0.0100 0.0100 

I 
275.0000 54.9315 0.1998 0.0 239.2671 310.7329 

I 
239.0000 54.4006 0.2276 0.0 181.3379 296.6621 

I 
56.1437 40.9536 o.n94 0.0 29.5035 82.7840 

**The reported value is the minimum detection limit of the data set 
"+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 
7) The lognormal distribution was used because the data failed the normal distribution test. 
8) The mean is geometric. The standard deviation is the value to divide or multiply with the geometric mean. 

• 
DISTRIBUTION FOOT 

TYPE NOTE 

NORMAL 

NORMAL 

NORMAL 

LOGNORMAL 7,8 

NORMAL 

NONPARAMETRIC 2 

NONPARAMETRIC 2 

NORMAL 

NORMAL 

NORMAL 



c 
I 

N 
U'1 
0"1 

• 

PARAMETER NAME 

#OF SAMPI MINIMUM 
I MAXIMUM I 

MANGANESE (TOTAL) 

8 I 27.90001 115.00,001+ 

MERCURY 

8 I·· 0.00011 0.00031+ 

MERCURY (TOTAL) 

8 I·· 0.00021** 0.00021** 

MOLYBDENUM 

16 I·· 0.00481 0.18001+ 

MOLYBDENUM (TOTAL) 

8 
I 0.02001 0.15001+ 

NET GROSS ALPHA *** 

11 I -13.34001 1843.32001 

NICKEL 

16 
I 1.35001 2.60001+ 

NICKEL (TOTAL) 

8 
I 0.73001 2.20001+ 

NITRATE 

12 I·· 0.22001 6.50001+ 

I UNITS 

MEDIAN 
I 

I MG/L 

TABLE D.7.6 - LYSIMETER WATER QUALITY STATISTICS BY PARAMETER 
ALL LYSIMETERS INCLUDED.(241, 242, 243, AND 244) 
SITE: HAT01: MEXICAN HAT 
04/23/90 TO 12/12/91 
REPORT DATE: 02/09/93 

I COEFF. X OF STATISTICAL RANGE 
STANDARD OF NON 98% CONFIDENCE INTERVAL 

MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

I 
30.00001 49.9000 37.7881 o. 7573 o.o 9.8464 89.9536 ,. 

I MG/L I 
0.00011 NA NA NA 87.5 ** 0.0001 0.0003 

I MG/L I 
0.00021 NA NA NA 100.0 ** 0.0002 ** 0.0002 

I MG/L I 
o.oo5ol NA NA NA 68.8 ** 0.0048 0.0200 

I MG/L I 
0.04501 0.0638 0.0463 0.7258 0.0 0.0147 0.1128 

I PCI/L J 
623.42001 NA NA NA 0.0 152.5800 1563.7000 

I MG/L I 

1.86501 1.8950 0.3392 0.1790 0.0 1.6743 2.1157 

I MG/L I 
1.20001 1.3850 0.4906 0.3542 0.0 0.8650 1.9050 

I MG/L. I 
1.30001 NA NA NA 41.7 ** 0.2200 4.0000 

*** NET GROSS ALPHA (GROSS ALPHA - URANIUM) WITH 1 MG URANIUM = 686 PCI 
**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
2> The nonparametric distribution was used because the nondetected values comprise more than 15% of the samples. 

DISTRIBUTION 
TYPE 

NORMAL 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

NORMAL 

NONPARAMETRIC 

NORMAL 

NORMAL 

NONPARAMETRIC 

9) The nonparametic distribution was used because the data failed the normal distribution test and includes values ~0 • 
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PARAMETER NAME 

#OF SAMPI MINIMUM I MAXIMUM I 

NITRATE (TOTAL) 

4 
I 1.20001 4.30001+ 

NITRITE AND NITRATE 

4 
I 0.43001 1.47001+ 

NITRITE AND NITRATE (TOTAL) 

4 
I 0.20001 1.00001+ 

PH 

20 
I 2.97001 6.55001+ 

PHOSPHATE 

4 I 0.10001 2.80001+ 

PHOSPHATE (TOTAL) 

8 I** 0.10001 1.20001+ 

POTASSIUM 

16 I 9.80001 46.00001+ 

POTASSIUM (TOTAL) 

8 I 12.70001 48.30001+ 

SELENIUM 

16 J·· 0.00161 0.01501+ 

SELENIUM (TOTAL) 

8 I·· o.oo5ol•• o.oo5ol•• 

I UNITS 

MEDIAN I 

I MG/l 

2.85001 

I MG/l 

0.73501 

I MG/l' 

0.65001 

1 su 
5.65471 

I MG/l 

1.40001 

I MG/l 

0.40001 

I MG/l 

14.50001 

I MG/l 

17.60001 

I MG/l 

• TABLE D.7.6 · LYSIMETER WATER QUALITY STATISTICS BY PARAMETER 
All LYSIMETERS INCLUDED (241, 242, 243, AND 244) 
SITE: ,HAT01 MEXICAN HAT 
04/23/90 TO 12/12/91 ' 
REPORT DATE: 02/09/93 

J 
,, 

COEFF. "X OF STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

I 
. 2.8000 1.4445 0.5159 0.0 ** 1.0000 6.0798 

J 
0.8425 o:4649 0.5518 0.0 ** '0.0500 1.8980 

I 
0.6250 0.3500 0.5600 0.0 ** 0.2000 1.4197 

I 
NA NA NA 0.0 NA NA 

I 
1.4250 1.4221 0.9980 0.0 ** 0.1000 4.6540 

I 
NA NA NA 25.0 ** 0.1000 1.2000 

I 
20.9875 13.9486 0.6646 0.0 11.9140 30.0610 

I 
23.9750 14.3297 0.59n 0.0 8.7862 39.1638 

. I 
0.0150J NA NA NA 100.0 ** 0.0016 0.0150 

I MG/l J 
o.oo5oj NA NA NA 100.0 ** 0.0050 ** 0.0050 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence intervar, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 
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DISTRIBUTION FOOT 

TYPE NOTE 

NORMAL 

NORMAL 

NORMAL 

UNKNOWN 

NORMAL 

NONPARAMETRIC 2 

NORMAL 

NORMAL 

NONPARAMETRIC 2 

NONPARAMETRIC 2 
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PARAMETER NAME 

#OF SAMPI MINIMUM 
I 

SILICA · SI02 

8 
I 31.80001 

SILICA · SI02 (TOTAL) 

8 
I 41.00001 

SILVER 

15 I o.oo5ol 

SILVER (TOTAL) 

8 I·· 0.01001 

SOOIUM 

15 
I 90.00001 

SODIUM (TOTAL) 

8 
I 89.70001 

SPECIFIC CONDUCTANCE 

16 J 2470.00001 

STRONTIUM 

15 I 3.34001 

STRONTIUM (TOTAL) 

8 I 4.47001 

SULFATE 

8 I 498.00001 

I UNITS 

MAXIMUM I MEDIAN 
I 

I MG/L 

125.00001+ 79.60001 
,. 

I MG/L 

93.00001+ 59.50001 

I MG/L 

o.o8ooj o.oo5ol 

I MG/L 

0.02001** 0.01001 

I MG/L 

145.00001 116.00001 

I MG/L 

128.00001+ 112.00001 

J UMHO/CM 

TABLE D.7.6 · LYSIMETER WATER QUALITY STATISTICS BY PARAMETER 
ALL LYSIMETERS INCLUDED (241, 242, 243, AND 244) 
SITE: HAT01 MEXICAN,HAT 
04/23/90-TO 12/12/91: 
REPORT DATE: 02/09/93 

I 
COEFF. X OF STATISTICAL RANGE 

STANDARD OF NON 98X CONFIDENCE INTERVAL 
MEAN DEVIATION VARIATION DETECTS ~INIMUM MAXIMUM * 

I 
75.5375 32.2912 0.4275 0.0 41.3104 109.7646 

I 
. <· 

61.8750 18.0984 0.2925 0.0 42.6915 81.0585 

I 
NA NA NA 66.7 0.0050 0.0250 

I 
NA NA NA 50.0 ** 0.0100 0.0200 

I 
112.1333 17.7638 0.1584 0.0 100.0981 124.1686 

I 
109.2125 12.7679 0.1169 0.0 95.6792 122.7458 

I 
5060.00001+ 3700.00001 . 3800.0000 797.9307 0.2100 0.0 3280.9461 4319.0539 

I MG/L I 

7.5oooJ 5.39001 5.4660 1.3728 0.2512 0.0 4.5359 6.3961 

I' MG/L I 
6.81001+ 5.31001 5.4750 o.83n 0.1530 0.0 4.5871 6.3629 

I MG/L I 
3900.00001+ 2300.00001 2336.8750 1300.7501 0.5566 0.0 958.1410 3715.6090 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples • 

• 

DISTRIBUTION FOOT 
TYPE NOTE 

NORMAL 

NORMAL 

NONPARAMETRIC 2 

NONPARAMETRIC 2 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

• 



c 
I 

N 
U1 
\0 

• • f 
TABLE D.7.6 - LYSIMETER WATER QUALITY STATISTICS BY PARAMETER 
ALL LYSIMETERS INCLUDED (241, 242, 243, AND 244) 
SITE:; HAT01 , MEXICAN HAT 
04/23/90 TO 12/12/91 
REPORT DATE: 02/09/93 

PARAMETER NAME I UNITS I 
COEFF. . X ,,,F STATISTICAL RANGE 

#OF SAMPI MINIMUM 
I MAXIMUM I I 

STANDARD OF NON 98X CONFIDENCE INTERVAL 
MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

SULFATE (TOTAL) I MG/L I 
8 j 2260. ooooJ 4330.00001+ 3245.00001 3242.6875 789.9126 0.2436 0.0 2405.4172 4079.9578 

I MG/L I 
' SULFIDE 

4 , .. 0.80001** o.8oooj•• o.8oooj NA NA NA 100.0 ** 0.8000 ** 0.8000 

TEMPERA TUllE I c - DEGREE' 

20 
I 

5.9oooJ 22.40001+ 17.95001 16.1550 5.4908 0.3399 0.0 13.0377 19.2723 

THALLIUM J MG/L j 
4 , .. 0.03001** 0.03001** 0.03001 NA NA NA 100.0 ** 0.0300 ** 0.0300 

THALLIUM (TOTAL) I MG/L I 
8 , .. 0.01001** 0.01001** 0.01001 NA NA NA 100.0 ** 0.0100 ** 0.0100 

TIN I MG/L I 
11 ]** o.oo5oj 0.02501 0.02501 NA NA NA 72.7 0.0053 0.0250 

TIN (TOTAL) I MG/L I 
8 I 0.01001 0.22401+ 0.03501 0.0315 2.7208 NA 0.0 0.0109 0.0911 

TOTAL DISSOLVED SOLIDS I MG/L I 
16 1 354o.ooooj 6490.00001+ 5390.00001 5171.8750 905.4739 0.1751 0.0 4582.8643 5760.8857 

TOTAL DISSOLVED SOLIDS (TOTAL) I MG/L J 
8 1 333o.ooool 63oo.ooool· 475o.ooool 4690.0000 1136.1212 . 0.2422 0.0 3485.7648 5894.2352 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence Interval, « = 0.01 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION FOOT 
TYPE NOTE 

NORMAL 

NONPARAMETRIC 2,4 

NORMAL 

NONPARAMETRIC 2,4 

NONPARAMETRIC 2 

NONPARAMETRIC 2 

LOGNORMAL 7,8 

NORMAL 

NORMAL 

4) The stat. range is the 87.5X confidence interval due to a sample size of 4. The maximum Is the 93.8X one sided confidence int. 
7) The lognormal distribution was used because the data failed the normal distribution test. 
8) The mean is geometric. The standard deviation is the value to divide or multiply with the geometric mean. 

• 



.:\. ·,, 
;•, 

,, '\ 

": ;: 

., 
.I'.; 

·;-i; 
•,:; 

: . ..~. . , 

. .:: : · ..... 
,l_: ,, 
~· 

·:j 
:'l 

.-\-: . 

·-· ,_.. 

,, 0 

.·. 
·' 

·'· 

,, 
. ·;. 

,-.; 
.·.· 

:•, 

I 
N 
en 
0 

• 

TABLE D.7.6 - LYSIMETER WATER QUALITY STATISTICS BY PARAMETER 
ALL LYSIMETERS INCLUDED (241, 242, 243, AND 244) 
SITE: HAT01 MEXICAN HAT 
04/23/90 TO 12/12/91 
REPORT DATE: 02/09/93 

PARAMETER NAME I UNITS I 
COEFF. % OF STATISTICAL RANGE 

# OF SAMPI MINIMUM I MAXIMUM .I I 

STANDARD OF NON 98% CONFIDENCE INTERVAL 
MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM 

TOTAL KJfLDAHL NITROGEN I MG/L I 
4 

I 7.00001 72.00001+ 10.50001 15.3446 2.8542 NA 0.0 1.4183 

URANIUM ' I MG/L I 
' : 

14 
I 0.00501 1.53001+ 0.43551' 0.5315 0.4549 0.8559 0.0 0.2093 

URANIUM (TOTAL) I MG/L I 
8 

I 0.05601 1.25001+ 0.31701 0.3942 0.3749 0.9510 0.0 ** 0.0030 

VANADIUM I MG/L I 
15 I·· 0.00511 0.67001** 0.00511 NA NA NA 66.7 ** 0.0051 

VANADIUM (TOTAL) I MG/L I 
' 

8 I·· 0.01001 0.25001+ 0.04001 0.0437 3.9561 NA 12.5 0.0102 

ZINC I MG/L I 
15 I 0.40601 6.88001 3.60001 3.4457 1.9108 0.5545 0.0 2.1511 

ZINC (TOTAL) I MG/L I 
8 

I 0.90701 45.30001+ 3.35001 3.4097 3.5866 NA 0.0 0.8806 

**The reported value Is the minimum detection limit of the data set 
+ The sample size Is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 

MAXIMUM * 

166.0129 

0.8537 

0.7917 

0.1900 

0.1876 

4.7403 

13.2025 

2) The nonparametric distribution was used because the nondetected values comprise more than 15% of the samples • 
7) The lognormal distribution was used because the data failed the normal distribution test. . 
8) The mean is geometric. The standard deviation is the value to divide or multiply with the geometric mean. 

INPUT DATA FILENAME: M:\DART\HAT01\LYS10000.DAT 

• 

DISTRIBUTION FOOT 
TYPE NOTE 

LOGNORMAL 7,8 

NORMAL 

NORMAL 

NONPARAMETRIC 2 

LOGNORMAL 7,8 

NORMAL 

LOGNORMAL 7,8 

• 



0 
I 

N 
0'1 
........ 

• 
LOCATION 

PARAMETER NAME ID 

ALKALINITY 0249 
0249 
0249 
0249 
0251 
0251 
0251 
0253 
0253 
0254 
0254 
0255 
0255 
0255 

ALUMINUM 0249 
0249 
0249 
0251 
0251 
0251 
0253 
0253 
0254 
0254 
0255 
0255 
0255 

ALUMINUM (TOTAL) 0249 

AMMONIUM 0249 
0249 
0249 
0251 
0251 
0251 
0253 
0254 
0254 
0255 

AMMONIUM (TOTAL) 0249 

FORMATION OF COMPLETION CODE: 
NR • NO RECOVERY OF DATA FOR CLASSIFYING 

• TABLE D.7.7 • SEEP WATER QUALITY DATA BY PARAMETER: NORTH ARROYO SEEPS 
SITE: HAT01 MEXICAN HAT 
04/23/90 TO 12/13/91 
REPORT DATE: 02/10/93 

SAMPLE FORM FLOW UNITS OF ' PARAMETER DETECTION 
LOG DATE ID COMP REL. MEASURE PVI VALUE FLAGS LIMIT 

04/23/90 0001 NR MG/L CAC03 763. -
06/25/90 N001 NR 805. -
10/03/90 0001 NR 725. -
04/24/91 0001 NR 820. -
04/23/90 0001 NR 190. -
10/05/90 0001 NR 

~· 
238. -

04/24/91 0001 NR 245. -
05/10/91 0001 NR 275. -
08/25/91 0001 NR 292. -
10/03/90 0001 NR 452. -
05/10/91 0001 NR 473. -
04/24/91 0001 NR 490. -
08/24/91 0001 NR 404. -
12/13/91 0001 NR 587 -
04123/90 0001 NR MG/L < 0.1 0.1 
10/03/90 0001 NR < 0.05 0.05 
04/24/91 0001 NR < 0.05 0.05 
04/23/90 0001 NR < 0.1 0.1 
10/05/90 0001 NR < 0.05 0.05 
04/24/91 0001 NR < 0.05 0.05 
05/10/91 0001 NR < 0.05 0.05 
08/25/91 0001 NR 0.072 0.0067 
10/03/90 0001 NR < 0.05 0.05 
05/10/91 0001 NR < 0.05 0.05 
04/24/91 0001 NR < 0.05 0.05 
08/24/91 0001 NR 0.046 0.0067 
12/13/91 0001 NR < 0.05 0.05 

06/25/90 N001 NR N MG/L < 0.1 0.1 

04/23/90 0001 NR N MG/L 32.3 0.1 
10/03/90 0001 NR N 33.2 0.1 
04124/91 0001 NR N 31.6 0.1 
04/23/90 0001 NR N < 0.1 0.1 
10/05/90 0001 NR N < 0.1 0.1 
04/24/91 0001 NR N 0.13 0.1 
05/10/91 0001 NR N 0.14 0.1 
10/03/90 0001 NR N 3.17 0.1 
05/10/91 0001 NR N 3.44 0.1 
04/24/91 0001 NR N 6.70 0.1 

06/25/90 N001 NR N MG/L 34.9 0.1 

FLOW RELATIONSHIP CODE: 
N • UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 - FILTERED SAMPLE (.45 MICRONS) 
N001 - UNFILTERED SAMPLE 

• 
PARAMETER 

UNCERTAINTY 

. . 
--
-
-
-
-
-
--
-. 
. 

-
--
--. 
. 
-. 
. 
-. 
. 

-
-
--. 
-
--
--
-
-
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TABLE D.7.7 • SEEP WATER QUALITY DATA BY PARAMETER: NORTH ARROYO SEEPS 
SITE: HAT01 MEXICAN HAT 
04/23/90 TO .12/13/91 
REPORT DATE:· 02/10/93 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP REL. 

ANTIMONY 0249 04/23/90 0001 NR N 
0249 10/03/90 0001 NR N 
0249 04/24/91 0001 NR N 
0251 04/23/90 0001 NR N 
0251 10/05/90 0001 NR N 
0251 04/24/91 0001 NR ,N l 0253 05/10/91 0001 NR N 
0253 08/25/91 0001 NR N 
0254 10/03/90 0001 NR N 
0254 05/10/91 0001 NR N 
0255 04/24/91 0001 NR N 
0255 08/24/91 0001 NR N 
0255 12/13/91 0001 NR N 

ANTIMONY (TOTAL) 0249 06/25/90 N001 NR N 

ARSENIC 0249 04/23/90 0001 NR 
0249 10/03/90 0001 NR 
0249 04/24/91 0001 NR 
0251 04/23/90 0001 NR 
0251 10/05/90 0001 NR 
0251 04/24/91 0001 NR 
0253 05/10/91 0001 NR 
0253 08/25/91 0001 NR 
0254 10/03/90 0001 NR 
0254 05/10/91 0001 NR 
0255 04/24/91 0001 NR 
0255 08/24/91 0001 NR 
0255 12/13/91 0001 NR 

ARSENIC (TOTAL) 0249 06/25/90 N001 NR N 

BARIUM 0249 04/23/90 0001 NR N 
0249 10/03/90 0001 NR N 
0249 04/24/91 0001 NR N 
0251 04/23/90 0001 NR N 
0251 10/05/90 0001 NR N 
0251 04/24/91 0001 NR N 
0253 05/10/91 0001 NR N 
0253 08/25/91 0001 NR N 
0254 10/03/90 0001 NR N 

FORMATION OF COMPLETION CODE: 
NR - NO RECOVERY OF DATA FOR CLASSIFYING 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
I · INCREASED DETECTION LIMIT DUE TO REQUIRED DILUTION 
c • CHANGED DETECTION LIMIT 

• 

UNITS OF PARAMETER 
MEASURE PVI VALUE FLAGS 

MG/L 0.024 
< 0.006 Jc 
< 0.003 

0.021 
< 0.006 lc 
< 0.003 
< 0.003 

0.042 
0.006 

< 0.003 
< 0.003 
< 0.020 
< 0.003 

MG/L 0.004 

MG/L < 0.01 
< 0.05 lc 
< 0.01 
< 0.01 
< 0.05 lc 
< 0.01 
< 0.03 I 

0.0034 
< 0.05 Ic 
< 0.03 I 
< 0.01 

0.0043 
< 0.01 

MG/L < 0.01 

MG/L < 0.1 
< 0.01 
< 0.01 
< 0.1 
< 0.01 

0.01 
0.01 

< 0.0022 
< 0.01 

FLOW RELATIONSHIP CODE: 
N • UNKNOWN 

SAMPLE ID CODES: 
0001 • FILTERED SAMPLE (.45 MICRONS) 
N001 · UNFILTERED SAMPLE 

DETECTION 
LIMIT 

0.003 
0.006 
0.003 
0.003 
0.006 
0.003 
0.003 
0.02 
0.003 
0.003 
0.003 
0.02 
0.003 

0.003 

0.01 
0.05 
0.01 
0.01 
0.05 
0.01 
0.03 
0.002 
0.05 
0.03 
0.01 
0.002 
0.01 

0.01 . 

0.1 
0.01 
0.01 
0.1 
0.01 
0.01 
0.01 
0.0022 
0.01 

PARAMETER 
UNCERTAINTY 

-
-
-
-
-
-
-. 
--. 
. 
. 
. 

-. 
-. 
-. 
. 
. 
. 
. 
--. 
. 
. 
. 
. 
. 
-. 
--. 
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• • TABLE D.7.7 • SEEP ·WATER QUALITY DATA BY PARAMETER: NORTH ARROYO SEEPS 
SITE: HAT01 MEXICAN HAT 
04/23/90 TO ,12/13/91. .: • 
REPORT DATE: 02/10/93 

. LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP RE~. 

BARIUM 0254 05/10/91 0001 NR N· 
0255 04/24/91 0001 NR N 
0255 08/24/91 0001 NR N' 
0255 12!13/91 0001 NR N 

BARIUM (TOTAL) ,Q249 06/25/90 N001 NR N~. 

BERYLLIUM 0249 04/23/90 0001 NR N 
0249 04/24/91 0001 NR N 
0251 04/23/90 0001 NR N 
0251 04/24/91 0001 NR N 
0253 05/10/91 0001 NR N 
0254 05/10/91 0001 NR N 
0255 04/24/91 0001 NR N 

BERYLLIUM (TOTAL) 0249 06/25/90 N001 NR N 

BORON 0249 04/23/90 0001 NR N 
0249 10/03/90 0001 NR N 
0249 04/24/91 0001 NR N 
0251 04/23/90 0001 NR N 
0251 10/05/90 0001 NR N 

.0251 04/24/91 0001 NR N 
0253 05/10/91 0001 NR N 
0254 10/03/90 0001 NR N 
0254 05/10/91 0001 NR N 

. 0255 04/24/91 0001 NR N 

BORON (TOTAL) 0249 06/25/90 N001 NR N 

BROMIDE 0249 10/03/90 0001 NR N 
0249 04/24/91 0001 NR N 
0251 10/05/90 0001 NR N 
0251 04/24/91 0001 NR N 
0253 05/10/91 0001 NR N 
0254 10/03/90 0001 NR N 
0254 05/10/91 0001 NR N 
0255 04/24/91 0001 NR: N 

CADMIUM 0249 04/23/90 0001 NR N 
0249 10/03/90 0001 NR. N 

FORMATION OF COMPLETION CODE: 
NR • NO RECOVERY OF DATA FOR CLASSIFYING 

PARAMETER VALUE INDICATOR (PVI): < • LESS'THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
I • INCREASED DETECTION LIMIT DUE TO REQUIRED DILUTION 
c • CHANGED DETECTION LIMIT 

UNITS OF PARAMETER 
MEASURE PV~;; VALUE FLAGS 

MG/L 0.01 
< 0.01 

' < 0.0022 
< 0.01 

MG/L < 0.1 

MG/L < 0.01 
. - < 0.005. 

< 0.01 
< 0.005 
< 0.005 
< 0.005 
< 0.005 

MG/L, < 0.01 

MG/L 0.9 
0.64 
0.78 
0.6 
0.59 
0.60 
0.81 
0.88 
1.20 
0.62 

MG/L 0.8 

MG/L 0.3 
0.9 
0.5 
1.1 
1.1 

< 0.5 lc 
< 1.0 I 

0.7 

MG/L < 0.001 
< 0.001 

FLOW RELATIONSHIP CODE: 
N - UNKNOWN . 

SAMPLE ID CODES: 
0001 • FILTERED SAMPLE (.45 MICRONS) 
N001 • UNFILTERED SAMPLE 

DETECTION 
LIMIT 

0.01 
0.01 
0.0022 
0.01 

0.1 

0.01 
0.005 
0.01 
0.005 
0.005 
0.005 
0.005 

0.01 

0.1 
0.05 
0.05 
0.1 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

0.1 

0.1 
0.1 
0; 1 
0.1 
0.1 
0.5 
1. 
0.1 

0.001 
0.001 

• 
PARAMETER 

UNCERTAINTY 

. 
-
--
-
. 
-. 
--
--
-
-
--
--
--
--
-
-
--. 
. 
--
--
-
-
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LOCATION 
PARAMETER NAME ID 

CADMIUM 0249 
0251 
0251 
0251 
0253 
0253 
0254 
0254 
0255 
0255 
0255 

CADMIUM (TOTAL) 0249 

CALCIUM 0249 
0249 
0249 
0251 
0251 
0251 
0253 
0253 
0254 
0254 
0255 
0255 
0255 

CALCIUM (TOTAL) 0249 

CHLORIDE 0249 
0249 
0249 
0251 
0251 
0251 
0253 
0253 
0254 
0254 
0255 
0255 

FORMATION OF COMPLETION CODE: 
NR · NO RECOVERY OF DATA FOR CLASSIFYING 

TABLE D.7.7 · SEEP WATER QUALITY DATA BY PARAMETER: NORTH ARROYO SEEPS 
SITE: HAT01 MEXICAN HAT 
04/23/90 TO 12/13/91. 
REPORT DATE: 02/10/93 

SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION 
LOG DATE ID COMP REL. MEASURE PVI VALUE FLAGS LIMIT 

04/24/91 0001 NR N MG/L < 0.001 0~001 
04/23/90 0001 NR N < 0.001 0.001 
10/05/90 0001 NR N < 0.001 0.001 
04/24/91 0001 NR N < 0.001 0.001 
05/10/91 0001 NR N 0.001 0.001 
08/25/91 0001 NR N < 0.0046 0.0046 
10/03/90 0001 NR N < 0.001 0.001 
05/10/91 0001 NR N 0.001 0.001 
04/24/91 0001 NR N < 0.001 0.001 
08/24/91 0001 NR N < 0.0046 0.0046 
12/13/91 0001 NR N < 0.001 0.001 

06/25/90 N001 NR N MG/L < 0.001 0.001 

04/23/90 0001 NR MG/L 554. 0.01 
10/03/90 0001 NR 460. 0.01 
04/24/91 0001 NR 595. 2. 
04/23/90 0001 NR 367. 0.01 
10/05/90 0001 NR 385. 0.01 
04/24/91 0001 NR 419. 0.5 
05/10/91 0001 NR 595. 2. 
08/25/91 0001 NR 440 0.009 
10/03/90 0001 NR 656. 0.01 
05/10/91 0001 NR 650. 2. 
04/24/91 0001 NR 625. 2. 
08/24/91 0001 NR 430 0.009 
12/13/91 0001 NR 520. 2. 

06/25/90 N001 NR N MG/L 534. 0.01 

04/23/90 0001 NR MG/L 90. 1. 
10/03/90 0001 NR 98. 1. 
04/24/91 0001 NR 102. 1. 
04/23/90 0001 NR 307. 1. 
10/05/90 0001 NR 139. 1. 
04/24/91 0001 NR 330. 0.5 
05/10/91 0001 NR 185. 1. 
08/25/91 0001 NR 190 0.5 
10/03/90 0001 NR 113. 1. 
05/10/91 0001 NR 164. 1. 
04/24/91 0001 NR 169. 1. 
08/24/91 0001 NR 96 0.5 

FLOW RELATIONSHIP CODE: 
N · UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): < - LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 · FILTERED SAMPLE (.45 MICRONS) 
N001 - UNFILTERED SAMPLE 

PARAMETER 
UNCERTAINTY 

--
--
--
-
-
--
-
-
--
--
--
-
-
--
--
-
-
---
-
-
-
-
-
--
-
-
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• • TABLE D.7.7 - SEEP WATER QUALITY DATA BY PARAMETER: NORTH ARROYO SEEPS 
SITE: HAT01 MEXICAN:; HAT . 
04/23/90 TO 12/13!.91~ , 

r· REPORTDATE: 02/10/93 
' 

LOCATION SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION 
PARAMETER NAME ID LOG DATE ID COMP REL. MEASURE PVI VALUE FLAGS LIMIT 

CHLORIDE 0255 12/13/91 0001 NR N MG/L 133. 1. 

CHLORIDE (TOTAL) 0249 06/25/90 N001 NR N MG/L 95. 1. 

CHROMIUM 0249 04/23/90 0001 NR N MG/L < 0.01 0.01 
0249 10/03/90 0001 NR N ' t 0.01 0.01 < 
0249 04/24/91 0001 NR N < 0.01 0.01 
0251 04/23/90 0001 NR N < 0.01 0.01 
0251 10/05/90 0001 NR N < 0.01 0.01 
0251 04/24/91 0001 NR N < 0.01 0.01 
0253 05/10/91 0001 NR N < 0.01 0.01 
0253 08/25/91 0001 NR N < 0.0032 0.0032 
0254 10/03/90 0001 NR N < 0.01 0.01 
0254 05/10/91 0001 NR N < 0.01 0.01 
0255 04/24/91 0001 NR N < 0.01 0.01 
0255 08/24/91 0001 NR N < 0.0032 0.0032 
0255 12/13/91 0001 NR N < 0.01 0.01 

CHROMIUM (TOTAL) 0249 06/25/90 N001 NR N MG/L < 0.01 0.01 

COBALT 0249 04/23/90 0001 NR N MG/L < 0.05 0.05 
0249 10/03/90 0001 NR N < 0.03 0.03 
0249 04/24/91 0001 NR N < 0.03 0.03 
0251 04/23/90 0001 NR N < 0.05 0.05 
0251 10/05/90 0001 NR N < 0.03 0.03 
0251 04/24/91 0001 NR N < 0.03 0.03 
0253 05/10/91 0001 NR N < 0.03 0.03 
0254 10/03/90 0001 NR N 0.04 0.03 
0254 05/10/91 0001 NR N < 0.03 0.03 
0255 04/24/91 0001 NR N < 0.03 0.03 
0255 1?/13/91 0001 NR N < 0.03 0.03 

COBALT (TOTAL) 0249 06/25/90 N001 NR N MG/L < 0.05 0.05 

COPPER 0249 04/23/90 0001 NR N MG/L < 0.02 0.02 
0249 10/03/90 0001 NR N < 0.01 0.01 
0249 04/24/91 0001 NR N < 0.01 0.01 
0251 04/23/90 0001 NR N < 0.02 0.02 
0251 10/05/90 0001 NR N < 0.01 0.01 
0251 04/24/91 0001 NR N < 0.01 0.01 
0253 05/10/91 0001 NR N < 0.01 0.01 
0253 08/25/91 0001 NR N 0.028 0.0005 

FORMATION OF COMPLETION CODE: FLOW RELATIONSHIP CODE: 
NR · NO RECOVERY OF DATA FOR CLASSIFYING N • UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 • FILTERED SAMPLE (.45 MICRONS) 
N001 • UNFILTERED SAMPLE 

• 
PARAMETER 

UNCERTAINTY 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 
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N 
0'1 
0'1 

.. LOCATION 
PARAMETER NAME ID 

COPPER 0254 
0254 
0255 
0255 
0255 

' 
COPPER (TOTAL) ! 0249 

CYANIDE 0249 
0251 
0254 

FLUORIDE 0249 
0249 
0249 
0251 
0251 
0251 
0253 
0253 
0254 
0254 
0255 
0255 

FLUORIDE (TOTAL) 0249 

GROSS ALPHA 0249 
0249 
0251 
0251 
0253 
0253 
0254 
0254 
0255 
0255 
0255 

GROSS BETA 0249 
0249 
0251 

FORMATION OF COMPLETION COOE: 
NR · NO RECOVERY OF DATA FOR CLASSIFYING 

TABLE D.7.7 · SEEP WATER QUALITY DATA BY PARAMETER: NORTH ARROYO SEEPS 
SITE: HAT01 MEXICAN HAT 
04/23/90 TO 12/13/91 
REPORT DATE: 02/10/93 

SAMPLE FORM FLOW UNITS OF PARAMETER· DETECTION 
LOG DATE ID COMP REL. MEASURE PVI VALUE FLAGS LIMIT 

10/03/90 0001 NR N MG/L < 0.01 0.01 
05/10/91 0001 NR N 0.02 0.01 
04/24/91 0001 NR N; < 0.01 0.01 
08/24/91 0001 NR N 0.0069 0.0005 
12/13/91 0001 NR N < 0.01 0.01 

06!25/90 N001 NR N ' MG/L 0.03 0.02 

10/03/90 0001 NR N MG/L < 0.01 0.01 
10/05/90 0001 NR N < 0.01 0.01 
10/03/90 0001 NR N < 0.01 0.01 

04!23/90 0001 NR MG/L 0.4 0.1 
10/03/90 0001 NR 0.5 0.1 
04/24/91 0001 NR 0.5 0.1 
04/23/90 0001 NR 0.8 0.1 
10/05/90 0001 NR 0.7 0.1 
04/24/91 0001 NR 1.1 0.1 
05/10/91 0001 NR 0.6 0.1 
08!25/91 0001 NR 0.68 0.1 
10/03/90 0001 NR 0.5 0.1 
05/10/91 0001 NR 0.5 0.1 
04/24/91 0001 NR 0.5 0.1 
015/24/91 0001 NR 0.49 0.1 

06/25/90 N001 . NR N MG/L 0.3 0.1 

10/03/90 0001 NR N PCI/L 888. 1. 
04/24/91 0001 NR N 403. 1. 
10/05/90 0001 NR N 108. 1. 
04/24/91 0001 NR N 378. 1. 
05/10/91 0001 NR N 218. 1. 
08/25/91 0001 NR N 180 1. 
10/03/90 0001 NR N' 332. 1. 
05/10/91 0001 NR N 796. 1. 
04/24/91 0001 NR N 473. 1. 
08/24/91 0001 NR N 310 1. 
12/13/91 0001 NR N 494. 1. 

10/03/90 0001 NR N PCI/L 240. 0.5 
04/24/91 0001 NR N 221. 0.5 
10/05/90 0001 NR N 61.6 0.5 

FLOW RELATIONSHIP COOE: 
N · UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT SAMPLE ID COOES: 
0001 · FILTERED SAMPLE (.45 MICRONS) 
N001 · UNFILTERED SAMPLE 

PARAMETER 
UNCERTAINTY 

--
--
-
-
--
-
--
--
---
-
--
--
-

145. 
78.7 
44.0 
64.3 
63.5 
50 
69.0 

131. 
83.7 
60 
86.4 

33.4 
34.6 
18.7 

• • • 
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• • TABLE D.7.7 • SEEP WATER QUALITY DATA BY PARAMETER: NORTH ARROYO SEEPS 
SITE: HAT01 MEXICAN HAT 
04/23/90,.TQ 12/13/91 , 
REPORT DATE: 02/10/93·~ 

LOCATION SAMPLE FORM FLOW UNITS OF PARAMETER 
PARAMETER NAME ID LOG DATE ID COMP REL·; MEASURE PV,,I VALUE FLAGS 

GROSS BETA 0251 04/24/91 0001 NR N PCI/L 186. 
0253 05/10/91 0001 NR N 85.1 
0253 08/25/91 0001 NR N 96 
0254 10/03/90 0001 NR N 246. 
0254 05/10/91 0001 NR N 291. 
0255 04!24/91 0001 NR N ' 287. 
0255 08/24/91 0001 NR N 120 
0255 12/13/91 0001 NR N 199. 

IRON 0249 04/23/90 0001 NR MG/L 0.16 
0249 10/03/90 0001 NR < 0.03 
0249 04/24/91 0001 NR < 0.03 
0251 04/23/90 0001 NR 0.13 
0251 10/05/90 0001 NR < 0.03 

,0251 04/24/91 0001 NR < 0.03 
0253 05/10/91 0001 NR < 0.03 
0253 08/25/91 0001 NR < 0.0053 
0254 10/03/90 0001 NR < 0.03 
0254 05/10/91 0001 NR < 0.03 
0255 04!24/91 0001 . NR < 0.03 
0255 08/24/91 0001 NR 0.037 
0255 12/13/91 0001 NR < 0.03 

IRON (TOTAL) 0249 06/25/90 N001 NR N MG/L 0.38 

LEAD 0249 04/23/90 0001 NR MG/L < 0.01 
0249 10/03/90 0001 NR < 0.03 lc 
0249 04/24/91 0001 NR < 0.005 
0251 04/23/90 0001 NR < 0.01 
0251 10/05/90 0001 NR < 0.03 lc 
0251 04/24/91 0001 NR < 0.005 
0253 05/10/91 0001 NR < 0.005 
0253 08/25/91 0001 NR < 0.0017 
0254 10/03/90 0001 NR < 0.03 lc 
0254 05/10/91 0001 NR < 0.03 I 
0255 04/24/91 0001 NR < 0.005 
0255 08/24/91 0001 NR < 0.0085 I 
0255 12/13/91 0001 NR < 0.005 

LEAD (TOTAL) 0249 06/25/90 N001 NR N MG/L 0.01 

LEAD-210 0249 10/03/90 0001 NR N PCI/L 1.2 

FORMATION OF COMPLETION CODE: FLOW RELATIONSHIP CODE: 
NR • NO RECOVERY OF DATA FOR CLASSIFYING N • UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT SAMPLE ID CODES: 

OTHER PARAMETER VALUE FLAGS: 
0001 • FILTERED SAMPLE (.45 MICRONS) 
N001 • UNFILTERED SAMPLE 

I • INCREASED DETECTION LIMIT DUE TO REQUIRED DILUTION 
c · CHANGED DETECTION LIMIT 

DETECTION 
LIMIT 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.0053 
0.03 
0.03 
0.03 
0.0053 
0.03 

0.03 

0.01 
0.03 
0.005 
0.01 
0.03 
0.005 
0.005 
0.0017 
0.03 
0.03 
0.005 
0.0085 
0.005 

0.01 

1.5 

• 
PARAMETER 

UNCERTAINTY 

26.8 
28.8 
24 
33.7 
50.3 
37.2 
20 
36.1 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. . 

. 

. 

. 

. 

. 

. 

. 

. 

. 
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TABLE 0.7.7 · SEEP WATER QUALITY DATA BY PARAMETER: NORTH ARROYO SEEPS 
SITE: HAT01 MEXICAN HAT 
04/23/90 TO 12/13/91 
REPORT DATE:~02/10/93 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP REL. 

LEAD-210 0251 10/05/90 0001 NR N 
0254 10/03/90 0001 NR N 

MAGNESIUM 0249 04/23/90 0001 NR 
0249 10/03/90 0001 NR 

l 0249 04/24/91 0001 NR 
0251 04/23/90 0001 NR 
0251 10/05/90 0001 NR 
0251 04/24/91 0001 NR 
0253 05/10/91 0001 NR 
0253 08/25/91 0001 NR 
0254 10/03/90 0001 NR 
0254 05/10/91 0001 NR 
0255 04/24/91 0001 NR 
0255 08/24/91 0001 NR 
0255 12!13/91 0001 NR 

MAGNESIUM (TOTAL) 0249 06/25/90 N001 NR N 

MANGANESE 0249 04/23/90 0001 NR 
0249 10/03/90 0001 NR 
0249 04/24/91 0001 NR 
0251 04/23/90 0001 NR 
0251 10/05/90 0001 NR 
0251 04/24/91 0001 NR 
0253 05/10/91 0001 NR 
0253 08/25/91 0001 NR 
0254 10/03/90 0001 NR 
0254 05/10/91 0001 NR 
0255 04!24/91 0001 NR 
0255 08/24/91 0001 NR 
0255 12/13/91 0001 NR 

MANGANESE (TOTAL) 0249 06/25/90 N001 NR N 

MERCURY 0249 04/23/90 0001 NR N 
0249 10/03/90 0001 NR N 
0251 04/23/90 0001 NR N 
0251 10/05/90 0001 NR N 
0253 08/25/91 0001 NR N 

FORMATION OF COMPLETION CODE: 
NR - NO RECOVERY OF DATA FOR CLASSIFYING 

PARAMETER VALUE INDICATOR (PVI): <- LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
I - INCREASED DETECTION LIMIT DUE TO REQUIRED DILUTION 
b - CHANGED PARAMETER VALUE 
c - CHANGED DETECTION LIMIT 

• 

UNITS OF PARAMETER 
MEASURE PVI VALUE FLAGS 

PCI/L 0.2 
< 2.5 b 

MG/L 454. 
390. 
479. 
246. 
157. 
297. 
371. 
240 
570. 
880. 
515. 
290 
406. 

MG/L 435. 

MG/L 2.22 
1.87 
2.27 
0.01 

< 0.05 lc 
< 0.01 
< 0.05 I 

0.028 
1.59 
0.48 
0.78 
0.88 
1.25 

MG/L 2.40 

MG/L < 0.0002 
< 0.0002 
< 0.0002 
< 0.0002 
< 0.00010 

FLOW RELATIONSHIP CODE: 
N - UNKNOWN 

SAMPLE ID CODES: 
0001 - FILTERED SAMPLE (.45 MICRONS) 
N001 · UNFILTERED.SAMPLE 

DETECTION 
LIMIT 

1.5 
1.5 

0.001 
0.001 
0.5 
0.001 
0.001 
0.5 
0.5 
0.014 
0.001 
2. 
2. 
0.014 
0.5 

0.001 

0.01 
0.01 
0.01 
0.01 
0.05 
0.01 
0.05 
0.0019 
0.01 
0.01 
0.01 
0.0019 
0.01 

0.01 

0.0002 
0.0002 
0.0002 
0.0002 
0.0001 

PARAMETER 
UNCERTAINTY 

2.7 
2.5 

-
-
-
--
--
--
--
-
-
-
-
--
--
--
-
-
-
---
-
-
--
-
-

• 
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• TABLE 0.7.7 • SEEP WATER QUALITY DATA BY PARAMETER: NORTH ARROYO SEEPS 
SITE: HAT01 MEXICAN HAT 
04/23/90 TO 12/13/91 . " 

,.. REPORT DATE: 02!10i93 . 

LOCATION SAMPLE FORM FLOW UNITS OF PARAMETER 
PARAMETER NAME ID LOG DATE ID COMP REL. MEASURE PVI,; VALUE FLAGS 

MERCURY 0254 10/03/90 0001 NR N MG/L < 0.0002 
0255 08/24/91 0001 NR N < 0.00010 
0255 12/13/91 0001 NR N < 0.0002 

MERCURY (TOTAL) 0249 06/25/90 N001 NR N MG/L < 0.0002 

MOLYBDENUM 0249 04/23/90 0001 NR N MG/L 0.02 
0249 10/03/90 0001 NR N 0.02 
0249 04/24/91 0001 NR N 0.02 
0251 04/23/90 0001 NR N 0.43 
0251 10/05/90 0001 NR N 0.12 
0251 04/24/91 0001 NR N 0.45 
0253 05/10/91 0001 NR N, 0.08 
0253 08/25/91 0001 NR N 0.12 
0254 10/03/90 0001 NR N < 0.01 
0254 05/10/91 0001 NR N 0.01 
0255 04/24/91 0001 NR N 0.06 
0255 08/24/91 0001 NR N 0.063 
0255 12/13/91 0001 NR N 0.06 

MOLYBDENUM (TOTAL) 0249 06/25/90 N001 NR N MG/L 0.01 

NET GROSS ALPHA * 0249 10/03/90 0001 NR N PCI/L 335.08 
0249 04/24/91 0001 NR N 71.66 
0251 10/05/90 0001 NR N ·14 011 
0251 04/24/91 0001 NR N 98.80 
0253 05/10/91 0001 NR N 75.31. 
0253 08/25/91 0001 NR N ·65.59 
0254 10/03/90 0001 NR N ·205.82 
0254 05/10/91 0001 NR N 266.41 
0255 04/24/91 0001 NR N 42.19 
0255 08/24/91 0001 NR N ·79.65 
0255 12/13/91 0001 NR N ·19.13 

NICKEL 0249 04/23/90 0001 NR N MG/L 0.13 
0249 10/03/90 0001 NR N 0.09 
0249 04/24/91 0001 NR N 0.12 
0251 04/23/90 0001 NR N 0.04 
0251 10/05/90 0001 NR N < 0.04 
0251 04/24/91 0001 NR N 0.05 

* NET GROSS ALPHA (GROSS ALPHA • URANIUM)· WITH 1 MG URANIUM = 686 PCI 

FORMATION OF COMPLETION CODE: FLOW RELATIONSHIP CODE: 
NR · NO RECOVERY OF DATA FOR CLASSIFYING N • UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 • FILTERED SAMPLE (.45 MICRONS) 
N001 · UNFILTERED SAMPLE 

DETECTION 
LIMIT 

0.0002 
0.0001 
0.0002 

0.0002 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.0048 
0.01 
0.01 
0.01 
0.0048 
0.01 

0.01 

. 

. 

. 

. 

. 

. . 

. 

. 

. 

. 

0.04 
0.04 
0.04 
0.04 
0.04 
0.04 

• 
PARAMETER 

UNCERTAINTY 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. . 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 
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LOCATION 
PARAMETER NAME ID 

NICKEL 0253 
0253 
0254 
0254 
0255 

I 0255 i 
0255 

NICKEL (TOTAL) 0249 

NITRATE 0249 
0249 
0249 
0251 
0251 
0251 
0253 
0253 
0254 
0254 
0255 
0255 
0255 

NITRATE (TOTAL) 0249 

NITRITE AND NITRATE 0249 
0249 
0251 
0251 
0253 
0254 
0254 
0255 

PH 0249 
0249 
0249 
0249 
0251 
0251 
0251 

FORMATION OF COMPLETION CODE: 
NR - NO RECOVERY OF DATA FOR CLASSIFYING 

TABLE D.7.7- SEEP WATER QUALITY DATA BY PARAMETER: NORTH ARROYO SEEPS 
SITE: HAT01 MEXICAN HAT 
04/23/90 TO 12/13/91 
REPORT DATE: 02/10/93 

SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION 
LOG DATE ID COMP REL. MEASURE PVI VALUE FLAGS LIMIT 

05/10/91 0001 NR N MG/L 0.04 0.04 
08/25/91 0001 NR N 0.029 0.0061 
10/03/90 0001 NR N 0.21 0.04 
05/10/91 0001 NR N 0.29 0.04 
04/24/91 0001 NR N. 0.07 0.04 
08/24/91 0001 NR N' 0.061 0.0061 
12/13/91 0001 NR N 0.06 0.04 

06!25/90 N001 NR N· MG/L 0.14 0.04 

04/23/90 0001 NR MG/L 155. 1. 
10/03/90 0001 NR 170. 1. 
04/24/91 0001 NR 153. 1. 
04!23/90 0001 NR 260. 1. 
10/05/90 0001 NR 29.7 1. 
04/24/91 0001 NR 357. 1. 
05/10/91 0001 NR 36.7 1. 
08!25/91 0001 NR 16 0.22 
10/03/90 0001 NR 994. 1. 
05/10/91 0001 NR 753. 1. 
04/24/91 0001 NR 303. 1. 
08!24/91 0001 NR 170 0.22 
12!13/91 0001 NR 168. 10. 

06/25/90 N001 NR N MG/L 114. 1. 

10/03/90 0001 NR N MG/L 38.6 1. 
04/24/91 0001 NR N 34.8 0.05 
10/05/90 0001 NR N 6.70 1. 
04!24/91 0001 NR N 80.6 0.05 
05/10/91 0001 NR N 8.28 0.05 
10/03/90 0001 NR N 225. 1. 
05/10/91 0001 NR N 176. 0.05 
04/24/91 0001 NR N 68.8 0.05 

04/23/90 0001 NR N su 6.58 -
06/25/90 N001 NR N 6.48 -
10/03/90 0001 NR N 6.40 -
04/24/91 0001 NR N 7.03 -
04/23/90 0001 NR N 8.05 -
10/05/90 0001 NR N 7.27 -
04/24/91 0001 NR N 7.96 -

FLOW RELATIONSHIP CODE: 
N - UNKNOWN 

PARAMETER 
UNCERTAINTY 

--
--
--
-
-
--
--
-
-
--
--
-
-
-
-
--
--
---
-
-
-
-
--
-
-

PARAMETER VALUE INDIC~TOR (PVI): < - LESS THAN DETECTION LIMIT" SAMPLE ID CODES: 
0001 - FILTERED SAMPLE (.45 MICRONS) 
N001 - UNFILTERED SAMPLE 

• • 
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• • TABLE D.7.7 • SEEP WATER QUALITY DATA BY PARAMETER: NORTH ARROYO SEEPS 
SITE: HAT01 MEXICAN HAT 
04/23/90 T0,12/13/91 
REPORT DATE: 02/10/93' 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP REL. 

PH 0253 05/10/91 0001 NR N 
0253 08/25/91 0001 NR N 
0254 10/03/90 0001 NR N 
0254 05/10/91 0001 NR N . 
0255 04/24/91 0001 NR N 

. 0255 08/24/91 0001 NR N ( 
0255 12/13/91 0001 NR NL 

PHOSPHATE 0249 04/23/90 0001 NR N 
0249 10/03/90 0001 NR N 
0251 04/23/90 0001 NR N 
0251 10/05/90 0001 NR N 
0254 10/03/90 0001 NR N 

PHOSPHATE (TOTAL) 0249 06/25/90 N001 NR N 

POLONIUM-210 0249 10/03/90 0001 NR N 
0251 10/05/90 0001 NR N 
0254 10/03/90 0001 NR N 

POTASSIUM 0249 04/23/90 0001 NR 
0249 10/03/90 0001 NR 
0249 04/24/91 0001 NR 
0251 04/23/90 0001 NR 
0251 10/05/90 0001 NR 
0251 04/24/91 0001 NR 
0253 05/10/91 0001 NR 
0253 08/25/91 0001 NR 
0254 10/03/90 0001 NR 
0254 05/10/91 0001 NR 
0255 04/24/91 0001 NR 
0255 08/24/91 0001 NR 
0255 12/13/91 0001 NR 

POTASSIUM (TOTAL) 0249 06/25/90 N001 NR N 

RADIUM·226 0249 04/23/90 0001 NR N 
0249 10/03/90 0001 NR N 
0249 04/24/91 0001 NR N 
0251 04/23/90 0001 NR N 

FORMATION OF COMPLETION CODE: 
NR • NO RECOVERY OF DATA FOR CLASSIFYING 

PARAMETER VALUE INDICATOR CPVI): < • LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
c • CHANGED DETECTION LIMIT 
d • CHANGED DETECTION LIMIT AND PARAMETER VALUE 

UNITS OF PARAMETER 
MEASURE PVI VALUE FLAGS 

' 

su 7.52 
7.73 
7.96 
7.94 
7.11 
6.60 
6.98 

MG/L < 0.1 
0.1 

< 0.1 
0.1 
0.1 

MG/L < 0.1 

PCI/L < 0.3 d 
0.1 c 
0.1 c 

MG/L 25.0 
17. 
18. 
7.3 
9.5 
6.8 
9. 

14 
19. 
28. 
13. 
14 
12. 

MG/L 25.5 

PCI/L < 0.1 d 
0.2 c 
0.0 

< 0.1 d 

FLOW RELATIONSHIP CODE: 
N • UNKNOWN 

SAMPLE ID CODES: 
0001 • FILTERED SAMPLE (.45 MICRONS) 
N001 • UNFILTERED SAMPLE 

DETECTION 
LIMIT 

. 

. 

. 

. 

. 

. 

. 
0.1 
0.1 
0.1 
0.1 
0.1 

0.1 

0.1 
0.5 
0.3 

0.01 
0.01 
5. 
0.01 
0.01 
0.1 
5. 
0.0005 
0.01 
5. 
5. 
0.0005 
5. 

0.01 

0.1 
0.4 
1. 
0.1 

• 
PARAMETER 

UNCERTAINTY 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

0.3 
0.4 
0.2 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. . . 

. 

. 

0.1 
0.2 
0.2 
0.1 
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TABLE D.7.7 · SEEP WATER QUALITY DATA BY PARAMETER: NORTH ARROYO SEEPS 
SITE: HAT01 MEXICAN HAT 
04/23/90 TO 12/13/91 
REPORT DATE:· 02/10/93 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP REL. 

RADIUM-226 0251 10/05/90 0001 NR N 
0251 04/24/91 0001 NR N 
0253 05/10/91 0001 NR N 
0253 08/25/91 0001 NR N 
0254 10/03/90 0001 NR N 

i 0254 05/10/91 0001 NR N 
0255 04/24/91 0001 NR N 
0255 08/24/91 0001 NR N 
0255 12!13/91 0001 NR N 

RADIUM-226 (TOTAL) 0249 06/25/90 N001 NR N 

RADIUM-226 + RADIUM-228 0249 04/23/90 0001 NR 
0249 10/03/90 0001 NR 
0249 04/24/91 0001 NR 
0251 04/23/90 0001 NR 
0251 10/05/90 0001 NR 
0251 04/24/91 0001 NR 
0253 05/10/91 0001 NR 
0253 08/25/91 0001 NR 
0254 10/03/90 0001 NR 
0254 05/10/91 0001 NR 
0255 04/24/91 0001 NR 
0255 08/24/91 0001 NR 
0255 12/13/91 0001 NR 

RADIUM-226 + RADIUM-228 TOTAL 0249 06/25/90 N001 NR N 

RADIUM-228 0249 04/23/90 0001 NR 
0249 10/03/90 0001 NR 
0249 04/24/91 0001 NR 
0251 04/23/90 0001 NR 
0251 10/05/90 0001 NR 
0251 04/24/91 0001 NR 
0253 05/10/91 0001 NR 
0253 08/25/91 0001 NR 
0254 10/03/90 0001 NR 
0254 05/10/91 0001 NR 
0255 04/24/91 0001 NR 
0255 08/24/91 0001 NR 
0255 12/13/91 0001 NR 

FORMATION OF COMPLETION CODE: 
NR · NO RECOVERY OF DATA FOR CLASSIFYING 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
c • CHANGED DETECTION LIMIT 

• 

UNITS OF PARAMETER 
MEASURE PVI VALUE FLAGS 

PCI/L 0.5 c 
0.2 
0.2 
0.0 
0.1 c 
0.3 
0.0 
0.0 
0.3 

PCI/L 0.2 c 

PCI/L 0.65 
1.70 
0.00 
0.75 
1.80 
0.20 
3.90 
0.10 
1.10 
7.40 
o.oo 
0.00 
0.30 

PCI/L 0.30 

PCI/L 0.6 
1.5 
0.0 
0.7 
1.3 
0.0 
3.7 
0.1 
1.0 
7.1 
0.0 
0.0 
0.0 

FLOW RELATIONSHIP CODE: 
N · UNKNOWN 

SAMPLE ID CODES: 
0001 · FILTERED SAMPLE (.45 MICRONS) 
N001 · UNFILTERED SAMPLE 

DETECTION 
LIMIT 

0.8 
1. 
1. 
1. 
0.3 
1. 
1. 
1. 
1. 

0.4 

--
--
--
--
--
--
-
-

1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 

PARAMETER 
UNCERTAINTY 

0.3 
0.3 
0.3 
0.1 
0.2 
0.3 
0.2 
0.1 
0.2 

0.2 

-
-
--
--
--
--
--
-
-

0.9 
1.5 
2.3 
0.9 
1.4 
2.1 
2.5 
1.3 
1.6 
2.7 
2.4 
1.4 
2.3 

• 



c 
I 

N ....... 
w 

• ~· TABLE D.7.7 - SEEP WATER QUALITY DATA BY PARAMETER: NORTH ARROYO SEEPS 
SITE: HAT01 MEXICAN HAT 
04/23/90 TO 12/13/91 , 
REPORT DATE: 02/.10/93 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP REL. 

RADIUM·228 (TOTAL) 0249 06/25/90 N001 NR N 

SELENIUM 0249 04/23/90 0001 NR N 
0249 10/03/90 0001 NR N 
0249 04/24/91 0001 NR N 

' 
0251 04/23/90 0001 NR N 
0251 10/05/90 0001 NR N 
0251 04/24/91 0001 NR N 
0253 05/10/91 0001 NR N 
0253 08/25/91 0001 NR N 
0254 10/03/90 0001 NR N 
0254 05/10/91 0001 NR N 
0255 04/24/91 0001 NR N 
0255 08/24/91 0001 NR N 
0255 12/13/91 0001 NR N 

SELENIUM (TOTAL) 0249 06/25/90 N001 NR N 

SILICA • SI02 0249 04/23/90 0001 NR N 
0249 10/03/90 0001 NR N 
0249 04!24/91 0001 NR N. 
0251 04/23/90 0001 NR N 
0251 10/05/90 0001 NR N 
0251 04/24/91 0001 NR N 
0253 05/10/91 0001 NR N 
0254 10/03/90 0001 NR N 
0254 05/10/91 0001 NR N 
0255 04/24/91 0001 NR N 

SILICA • SI02 (TOTAL) 0249 06!25/90 N001 NR N 

SILVER 0249 04/23/90 0001 . NR N 
0249 10/03/90 0001 NR N 
0249 04/24/91 0001 NR N 
0251 04/23/90 0001 NR N 
0251 10/05/90 0001 NR N 
0251 04/24/91 0001 NR N 
0253 05/10/91 0001 NR N 
0253 08/25/91 0001 NR N 
0254 10/03/90 0001 NR N 
0254 05/10/91 0001 NR N 

FORMATION OF COMPLETION CODE: 
NR ~ NO RECOVERY OF DATA FOR CLASSIFYING 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
I · INCREASED DETECTION LIMIT DUE TO REQUIRED DILUTION 
c • CHANGED DETECTION LIMIT 

UNITS OF PARAMETER 
MEASURE PV\~ VALUE FLAGS 

PCI/L 0.1 

MG/L 0.005 
< 0.03 lc 

0.010 
0.005 

< 0.03 Ic 
0.011 
0.025 
0.0090 

< 0.03 lc 
0.030 

< 0.005 
0.0048 

< 0.03 I 

MG/L < 0.005 

MG/L 36. 
30.6 
34.0 
30. 
19.2 
28.4 
22.6 
40.2 
49.6 
37.0 

MG/L 37. 

MG/L < 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.0029 
< 0.01 
< 0.01 

FLOW RELATIONSHIP CODE: 
N • UNKNOWN 

SAMPLE ID CODES: 
0001 · FILTERED SAMPLE (.45 MICRONS) 
N001 · UNFILTERED SAMPLE 

DETECTION 
LIMIT 

1. 

0.005 
0.03 
0.005 
0.005 
0.03 
0.005 
0.005 
0.0016 
0.03 
0.005 
0.005 
0.0016 
0.03 

0.005 

2. 
0.1 
0.1 
2. 
0.1 
0.1 
0.1 
0.1 
0.1 
0.5 

2. 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.0029 
0.01 
0.01 

• 
PARAMETER 

UNCERTAINTY 

0.9 

. 

. 

. 

. 

. 

. 

. 

. . 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 



LOCATION 
PARAMETER NAME ID 

SILVER 0255 
0255 
0255 

SILVER <TOTAL) 0249 

SODIUM i 0249 
0249 
0249 
0251 
0251 
0251 
0253 
0253 
0254 
0254 
0255 
0255 
0255 

SODIUM (TOTAL) 0249 

SPECIFIC CONDUCTANCE 0249 
0249 
0249 
0249 
0251 
0251 
0251 
0253 
0253 
0254 
0254 
0255 
0255 
0255 

STRONTIUM 0249 
0249 
0249 
0251 
0251 

FORMATION OF COMPLETION CODE: 
NR • NO RECOVERY OF DATA FOR CLASSIFYING 

TABLE D.7.7 • SEEP WATER QUALITY DATA BY PARAMETER: NORTH ARROYO SEEPS 
SITE: HAT01 MEXICAN HAT 
04/23/90 TO 12/13/91 
REPORT DATE: 02/10/93 

SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION 
LOG DATE ID COMP REL. MEASURE PVI VALUE FLAGS LIMIT· 

04/24/91 0001 NR N MG/L < 0.01 0.01 
08/24/91 0001 NR N < 0.0029 0.0029 
12/13/91 0001 NR N < 0.01 0.01 

06/25/90 N001 NR N MG/L < 0.01 0.01 

04/23/90 0001 NR 
; 

MG/L 436. 0.002 
10/03/90 0001 NR 3n. 0.002 
04/24/91 0001 NR 428. 5. 
04/23/90 0001 NR 359. 0.002 
10/05/90 0001 NR 430. 0.002 
04/24/91 0001 NR 390. 5. 
05/10/91 0001 NR 907. 5. 
08/25/91 0001 NR 570 0.014 
10/03/90 0001 NR 496. 0.002 
05/10/91 0001 NR 798. 5. 
04/24/91 0001 NR . 520. 20 • 
08/24/91 0001 NR 270 0.014 
12/13/91 0001 NR 397. 5. 

06/25/90 N001 NR N MG/L 417. 0.002 

04/23/90 0001 NR UMHO/CM 4600. -
06/25/90 N001 NR 6200. -
10/03/90 0001 NR 4850. -
04/24/91 0001 NR 5800. -
04/23/90 0001 NR 5000. -
10/05/90 0001 NR 3250. -
04/24/91 0001 NR 4630. -
05/10/91 0001 NR 5600. -
08/25/91 0001 NR 5430. -
10/03/90 0001 NR 5100. -
05/10/91 0001 NR 7440. -
04/24/91 0001 NR 5870. -
08/24/91 0001 NR 5000. -
12/13/91 0001 NR 409 -
04/23/90 0001 NR N MG/L 12.8 0.1 
10/03/90 0001 NR N 9.32 0.01 
04/24/91 0001 NR N 12.7 0.01 
04/23/90 0001 NR N 11.9 0.1 
10/05/90 0001 NR N 12.9 0.01 

FLOW RELATIONSHIP CODE: 
N - UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): < - LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 - FILTERED SAMPLE (.45 MICRONS) 
N001 · UNFILTERED SAMPLE 

PARAMETER 
UNCERTAINTY 

. 
-
-
-
--
--
--
-. 
-
-
-
-
-
-
--
--
-. 
. . 
-. 
-
-. 
. 

-
-
-
-. 

• • • 
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I 

N 
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• 
LOCATION 

PARAMETER NAME ID 

STRONTIUM 0251 
0253 
0253 
0254 

- 0254 
0255 
0255 
0255 

STRONTIUM (TOTAL) 0249 

SULFATE 0249 
0249 
0249 
0251 
0251 
0251 
0253 
0253 
0254 
0254 
0255 
0255 
0255 

SULFATE (TOTAL) 0249 

SULFIDE 0249 
0249 
0251 
0251 
0253 
0254 
0254 
0255 

TEMP.ERATURE 0249 
0249 
0249 
0251 
0251 
0253 

FORMATION OF COMPLETION CODE: 
NR - NO RECOVERY OF DATA FOR CLASSIFYING 

• TABLE D.7.7 • SEEP WATER QUALITY DATA BY PARAMETER: NORTH ARROYO SEEPS 
SITE: HAT01 MEXICAN HAT 
04/23/90 TO 12!13/91 ' 
REPORT DATE: 02/10/93 · 

SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION 
LOG DATE ID COMP REL. MEASURE PV)' VALUE FLAGS LIMIT 

04/24/91 0001 NR N MG/L 13.3 0.01 
05/10/91 0001 NR N. 15.1 0.01 
08/25/91 0001 NR N 11 0.01 
10/03/90 0001 NR N 11.4 0.01 
05/10/91 0001 NR N 

' 
14.9 0.01 

04/24/91 0001 NR N 14.6 0.05 
08/24/91 0001 NR N 11 0.01 
12!13/91 0001 NR N 12.6 0.01 

06/25/90 N001 NR N MG/L 13.1 0.1 

04/23/90 0001 NR MG/L 3370. 0.1 
10/03/90 0001 NR 3320. 0.1 
04/24/91 0001 NR 3380. 10. 
04/23/90 0001 NR 1950. 0.1 
10/05/90 0001 NR 2370. 0.1 
04/24/91 0001 NR 2040. 10. 
05/10/91 0001 NR 3520. 10. 
08/25/91 0001 NR 3200 1. 
10/03/90 0001 NR 3400. 0.1 
05/10/91 0001 NR 3040. 10. 
04/24/91 0001 NR 3470. 10. 
08/24/91 0001 NR 2900 1. 
12!13/91 0001 NR 3330. 10. 

06/25/90 N001 NR N MG/L 3812.5 0.1 

10/03/90 0001 NR N MG/L < 0.1 0.1 
04/24/91 0001 NR N 12.9 1. 
10/05/90 0001 NR N 28.4 0.1 
04/24/91 0001 NR N 20.5 1. 
05/10/91 0001 NR N 15.6 1. 
10/03/90 0001 NR N 8.9 0.1 
05/10/91 0001 NR N 14.6 1. 
04/24/91 0001 NR N 14.6 1. 

06/25/90 N001 NR N C - DEGREE 32. . 
10/03/90 0001 NR N 18.0 -
04/24/91 0001 NR N 25.3 -
10/05/90 0001 NR N 16.0 -
04/24/91 0001 NR N 16.5 -
05/10/91 0001 NR N 14.4 -

FLOW RELATIONSHIP CODE: 
N - UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): < - LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 - FILTERED SAMPLE (.45 MICRONS) 
N001 - UNFILTERED SAMPLE 

• 
PARAMETER 

UNCERTAINTY 

. 

. 
-
-
--
-
-
-
-
-
-
--. . 
---
-
--
-
-
--
--
--
-
--
--
--
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TABLE D.7.7 - SEEP WATER QUALITY DATA BY PARAMETER: NORTH ARROYO SEEPS 
SITE: HAT01 MEXICAN HAT 
04/23/90 TO 12/13/91i 
REPORT DATE: 02i10/93 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP REL. 

TEMPERATURE 0253 08/25/91 0001 NR N 
0254 10/03/90 0001 NR N 
0254 05/10/91 0001 NR N 
0255 04/24/91 0001 NR N 
0255 08/24/91 0001 NR N 

i 0255 12/13/91 0001 NR N 

THALLIUM 0249 04/23/90 0001 NR N 
0249 04/24/91 0001 NR N 
0251 04/23/90 0001 NR N 
0251 04/24/91 0001 NR N 
0253 05/10/91 0001 NR N 
0254 05/10/91 0001 NR N 
0255 04/24/91 0001 NR N 

THALLIUM (TOTAL) 0249 06/25/90 N001 NR N 

THORIUM-230 0249 10/03/90 0001 NR N 
0249 04/24/91 0001 NR N 
0251 10/05/90 0001 NR N 
0251 04/24/91 0001 NR N 
0253 05/10/91 0001 NR N 
0254 10/03/90 0001 NR N 
0254 05/10/91 0001 NR N 
0255 04!24/91 0001 NR N 

TIN 0249 04/23/90 0001 NR 
0249 10/03/90 0001 NR 
0249 04/24/91 0001 NR 
0251 04/23/90 0001 NR 
0251 10/05/90 0001 NR 
0251 04/24/91 0001 NR 
0253 05/10/91 0001 NR 
0253 08/25/91 0001 NR 
0254 10/03/90 0001 NR 
0254 05/10/91 0001 NR 
0255 04/24/91 0001 NR 
0255 08/24/91 0001 NR 

TIN (TOTAL) 0249 06/25/90 N001 NR N 

FORMATION OF COMPLETION CODE: 
NR - NO RECOVERY OF DATA FOR CLASSIFYING 

PARAMETER VALUE INDICATOR CPVI): < - LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
I - INCREASED DETECTION LIMIT DUE TO REQUIRED DILUTION 
c - CHANGED DETECTION LIMIT 
d - CHANGED DETECTION LIMIT AND PARAMETER VALUE 

UNITS OF PARAMETER 
MEASURE PVI VALUE FLAGS 

C - DEGREE 22.9 
17.1 
13.9 
22.2 
21.9 
9.8 

MG/L < 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 

MG/L < 0.01 

PCI/L 0.2 c 
0.1 

< 0.4 d 
0.1 
0.1 
0.3 c 
0.0 
0.1 

MG/L 0.066 
< 0.05 lc· 
< 0.03 I 

0.054 
< 0.05 lc 
< 0.03 I 
< 0.03 I 
< 0.0050 
< 0.05 lc 
< 0.03 I 
< 0.03 I 
< 0.0050 

MG/L 0.009 

FLOW RELATIONSHIP CODE: 
N - UNKNOWN 

SAMPLE ID CODES: 
0001 - FILTERED SAMPLE (.45 MICRONS) 
N001 - UNFILTERED SAMPLE 

• 

DETECTION 
LIMIT 

-
-
--
--

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

0.01 

0.5 
1. 
0.1 
1. 
1. 
0.6 
1. 
1. 

0.005 
0.05 
0.03 
0.005 
0.05 
0.03 
0.03 
0.005 
0.05 
0.03 
0.03 
0.005 

0.005 

PARAMETER 
UNCERTAINTY 

--
--
-
-
-
--
-
-
--
-

0.3 
0.2 
0.4 
0.2 
0.1 
0.3 
0.1 
0.2 

--
--
--
--
-
-
--
-

• 
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• 
LOCATION 

PARAMETER NAME ID 

TOTAL DISSOLVED SOLIDS 0249 
0249 
0249 
0251 
0251 
0251 
0253 
0253 
0254 
0254 
0255 
0255 
0255 

TOTAL DISSOLVED SOLIDS (TOTAL) 0249 

TOTAL KJELDAHL NITROGEN 0249 
0249 
0251 
0251 
0253 
0254 
0254 
0255 

TOTAL ORGANIC CARBON 0249 
0249 
0251 
0251 
0253 
0254 
0254 
0255 

URANIUM 0249 
0249 
0249 
0251 
0251 
0251 
0253 
0253 

FORMATION OF COMPLETION CODE: 
NR - NO RECOVERY OF DATA FOR CLASSIFYING 

f. ~ 
TABLE D.7.7 • SEEP WATER QUALITY DATA BY PARAMETER: NORTH ARROYO SEEPS 
SITE: HAT01 MEXICAN HAT 
04/23/90 TO 12/13/91 . 
REPORT.DATE: 02/10/93 ~ 

SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION 
LOG DATE ID COMP REL. MEASURE :~VI VALUE FLAGS LIMIT 

04/23/90 0001 NR N MG/L 2980. 10. 
10/03/90 0001 NR N 5880. 10. 
04/24/91 0001 NR N 5920. 10. 
04/23/90 0001 NR N 3520. 10. 
10/05/90 0001 NR N 4080. 10 •. 
04/24/91 0001 NR N; j 4290. 10. 
05/10/91 0001 NR N 5870. 10. 
08/25/91 0001 NR N 5000 10. 
10/03/90 0001 NR N 6900. 10. 
05/10/91 0001 NR N 5020. 10. 
04/24/91 0001 NR N 6020. 10. 
08/24/91 0001 NR N 4900 10. 
12/13/91 0001 NR N 5700. 10. 

06/25/90 N001 NR N MG/L 5640. 10. 

10/03/90 0001 NR N MG/L 26. 1. 
04/24/91 0001 NR N 23. 1. 
10/05/90 0001 NR N < 1. 1. 
04/24/91 0001 NR N < 1. 1. 
05/10/91 0001 NR N < 1. 1. 
10/03/90 0001 NR N < 1. 1. 
05/10/91 0001 NR N < 1. 1. 
04/24/91 0001 NR N 3. 1. 

10/03/90 0001 NR N MG/L 40. 1. 
04/24/91 0001 NR N 5. 1. 
10/05/90 0001 NR N 6. 1. 
04/24/91 0001 NR N 8. 1. 
05/10/91 0001 NR N 3. 1. 
10/03/90 0001 NR N 35. 1. 
05/10/91 0001 NR N 7. 1. 
04/24/91 0001 NR N 7. 1. 

04/23/90 0001 NR N MG/L 0.730 0.003 
10/03/90 0001 NR N 0.806 0.001 
04/24/91 0001 NR N 0.483 0.001 
04/23/90 0001 NR N 0.468 0.003 
10/05/90 0001 NR N 0.178 0.001 
04/24/91 0001 NR N 0.407 0.001 
05/10/91 0001 NR N 0.208 0.001 
08/25/91 0001 NR N 0.358 0.0003 

FLOW RELATIONSHIP CODE: 
N • UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): < - LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 - FILTERED SAMPLE (.45 MICRONS) 
N001 - UNFILTERED SAMPLE 

• 
PARAMETER 

UNCERTAINTY 

-
-
-
-
--
-
-
-
-. 
-. 
. 
. 
. 
. 
. 
-
-. 
. 
. 
. 
-
--. 
-
-
. 
. 
. 
-
--
--
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TABLE D.7.7 • SEEP WATER QUALITY DATA BY PARAMETER: NORTH ARROYO SEEPS 
SITE: HAT01 MEXICAN HAT 
04/23/90 TO 12/13/91 
REPORT DATE: 02/10/93 l \ 

-
LOCATION SAMPLE FORM FLOW 

PARAMETER NAME ID LOG DATE ID COMP REL. 

URANIUM 0254 10/03/90 0001 NR N 
0254 05/10/91 0001 NR N 
0255 04/24/91 0001 NR N 
0255 08/24/91 0001 NR N 
0255 12/13/91 0001 NR N 

URANIUM (TOTAL) 0249 06/25/90 N001 NR N > 

VANADIUM 0249 04/23/90 0001 NR 
0249 10/03/90 0001 NR 
0249 04/24/91 0001 NR 
0251 04/23/90 0001 NR 
0251 10/05/90 0001 NR 
0251 04/24/91 0001 NR 
0253 05/10/91 0001 NR 
0253 08/25/91 0001 NR 
0254 10/03/90 0001 NR 
0254 05/10/91 0001 NR 
0255 04/24/91 0001 NR 
0255 08/24/91 0001 NR 
0255 12/13/91 0001 NR 

VANADIUM (TOTAL) 0249 06/25/90 N001 NR N 

ZINC 0249 04/23/90 0001 NR 
0249 10/03/90 0001 NR 
0249 04/24/91 0001 NR 
0251 04/23/90 0001 NR 
0251 10/05/90 0001 NR 
0251 04/24/91 0001 NR 
0253 05/10/91 0001 NR 
0253 08/25/91 0001 NR 
0254 10/03/90 0001 NR 
0254 05/10/91 0001 NR 
0255 04/24/91 0001 NR 
0255 08/24/91 0001 NR 
0255 12/13/91 0001 NR 

ZINC (TOTAL) 0249 06/25/90 N001 NR N 

FORMATION OF COMPLETION CODE: 
NR • NO RECOVERY OF DATA FOR CLASSIFYING 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
I • INCREASED DETECTION LIMIT DUE TO REQUIRED DILUTION 
c • CHANGED DETECTION LIMIT 

DATA FILE NAME: M:\DART\HAT01\GWQ10003.DAT 

UNITS OF PARAMETER 
MEASURE PVI VALUE FLAGS 

MG/L 0.784 
0.772 
0.628 
0.568 
0.748 

MG/L 0.718 

MG/L 0.01 
< 0.01 
< 0.01 

0.02 
0.03 
0.02 

< 0.01 
0.027 
0.07 
0.08 

< 0.01 
0.0075 
0.01 

MG/L 0.02 

MG/L < 0.005 
< 0.01 lc 
< 0.03 I 
< 0.005 
< 0.03 lc 
<· 0.03 I 
< 0.005 

0.051 
< 0.05 lc 

0.009 
< 0.03 I 

0.0092 
< 0.03 I 

MG/L 0.092 

FLOW RELATIONSHIP CODE: 
N · UNKNOWN 

SAMPLE ID CODES: 
0001 · FILTERED SAMPLE (.45 MICRONS) 
N001 · UNFILTERED SAMPLE 

• 

DETECTION PARAMETER 
LIMIT UNCERTAINTY 

0.001 -
0.001 -
0.001 . 
0.0003 -
0.001 . 

0.003 -
0.01 -
0.01 -
0.01 . 
0.01 . 
0.01 . 
0.01 . 
0.01 . 
0.0051 -
0.01 -
0.01 -
0.01 -
0.0051 -
0.01 . 

0.01 -
0.005 . 
0.01 . 
0.03 -
0.005 -
0.03 -
0.03 -
0.005 -
0.0026 -
0.05 -
0.005 . 
0.03 -
0.0026 -
0.03 -
0.005 -

• 



------------------------------------------------------------------------------------~------------------------

• 
LOCATION 

PARAMETER NAME ID 

ALKALINITY 0248 
0248 
0248 
0248 
0248 
0253 
0253 
0254 
0254 
0261 
0261 
0261 
0261 
0922 
0922 
0922 
0922 
0922 
0922 
0922 
0923 
0923 
0924 

ALUMINUM 0248 
0248 
0248 
0248 
0253 
0253 
0254 
0254 
0261 
0261 
0261 
0922 
0922 
0922 
0922 
0922 
0922 
0923 

FORMATION OF COMPLETION CODE: 
NR - NO RECOVERY OF DATA FOR CLASSIFYING 

TABLE D.7.8 • SEEP WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT 
06/01/88 TO 11/18/92 · : 
REPORT DATE: 02/18/93 . 

SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION 
LOG DATE ID COMP REL. MEASURE PVI VALUE FLAGS LIMIT 

04/23/90 N001 NR MG/L CAC03 292. -
10/03/90 0001 NR 272. -
04/25/91 0001 NR 296. -
08/24/91 0001 NR 256. -
12/13/91 0001 NR 274 -
05/10/91 0001 NR l• 275. -+~ 

08/25/91 0001 NR 292. -
10/03/90 0001 NR 452. -
05/10/91 0001 NR 473. -
06/25/90 N001 NR 274. -
10/03/90 0001 NR 189. -
05/11/91 0001 NR 185. -
12!14/91 0001 NR ' 289 -
06/01!88 0001 NR 293. -
08/30/88 0001 NR 340. -
06/25/90 N001 NR 490. -
10/03/90 0001 NR 334. -
04/25/91 0001 NR 331. -
08/24/91 0001 NR 284. -
12/14/91 0001 NR 486 -
06/01/88 0001 NR 211. -
04/25/91 0001 NR 216. -
08/30/88 0001 NR 223. -
10/03/90 0001 NR MG/L < 0.05 0.05 
04/25/91 0001 NR < 0.05 0.05 
08/24/91 0001 NR 0.079 0.0067 
12/13/91 0001 NR < 0.05 0.05 
05/10/91 0001 NR < 0.05 0.05 
08/25/91 0001 NR 0.072 0.0067 
10/03/90 0001 NR < 0.05 0.05 
05/10/91 0001 NR < 0.05 0.05 
10/03/90 0001 NR < 0.05 0.05 
05!11/91 0001 NR < 0.05 0.05 
12/14/91 0001 NR < 0.05 0.05 
06!01!88 0001 NR < 0.1 0.1 
08/30/88 0001 NR 0.2 0.1 
10/03/90 0001 NR < 0.05 0.05 
04/25/91 0001 . NR < 0.05 0.05 
08/24/91 0001 NR 0.11 0.0067 
12/14/91 0001 NR < 0.05 0.05 
06!01!88 0001 NR < 0.1 0.1 

FLOW RELATIONSHIP CODE: 
N - UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 - FILTERED SAMPLE (.45 MICRONS) 
N001 • UNFILTERED SAMPLE 

PARAMETER 
UNCERTAINTY 

--
-
-
-
-
--
--
-
-
---
-
--
--
--
-
-
-
--
-
-
-
-
--
--
-
-
-
-
--
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TABLE D.7.8 · SEEP WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT 
06/01/88. TO 11/18/92 
REPORT DATE:'02/18/93 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP REL. 

ALUMINUM 0923 04/25/91 0001 NR N 
0924 08/30/88 0001 NR N 

ALUMINUM (TOTAL) 0248 04/23/90 N001 NR N 
0248 06/25/90 N001 NR N 

' 0261 06/25/90 N001 NR N 
0922 06/25/90 N001 NR N 

AMMONIUM 0248 10/03/90 0001 NR 
0248 04/25/91 0001 NR 
0253 05/10/91 0001 NR 
0254 10/03/90 0001 NR 
0254 05/10/91 0001 NR 
0261 10/03/90 0001 NR 
0261 05/11!91 0001 NR 
0922 06/01/88 0001 NR 
0922 08/30/88 0001 NR 
0922 10/03/90 0001 NR 
0922 04/25/91 0001 NR 
0923 06/01/88 0001 NR 
0923 04/25/91 0001 NR 
0924 08/30/88 0001 NR 

AMMONIUM (TOTAL) 0248 04/23/90 N001 NR N 
0248 06/25/90 N001 NR N 
0922 06/25/90 N001 NR N 

ANTIMONY 0248 10/03/90 0001 NR 
0248 04/25/91 0001 NR 
0248 08/24/91 0001 NR 
0248 12/13/91 0001 NR 
0253 05/10/91 0001 NR 
0253 08/25/91 0001 NR 
0254 10/03/90 0001 NR 
0254 05/10/91 0001 NR 
0261 10/03/90 0001 NR 
0261 05/11/91 0001 NR 
0261 12/14/91 0001 NR 
0922 10/03/90 0001 NR 
0922 04/25/91 0001 NR 
0922 08/24/91 0001 NR 

FORMATION OF COMPLETION CODE: 
NR · NO RECOVERY OF DATA FOR CLASSIFYING 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
I • INCREASED DETECTION LIMIT DUE TO REQUIRED DILUTION 
c • CHANGED DETECTION LIMIT • 

UNITS OF PARAMETER 
MEASURE PVI VALUE FLAGS 

MG/L < 0.05 
0.2 

MG/L < 0.1 
0.9 

17.0 
1.4 

MG/L 0.12 
0.15 
0.14 
3.17 
3.44 

< 0.1 
< 0.1 

0.2 
0.6 
1.1 
0.37 
0.2 
0.17 

< 0.1 

MG/L < 0.1 
< 0.1 

1.0 

MG/L < 0.006 lc 
< 0.003 
< 0.020 
< 0.003 
< 0.003 

0.042 
0.006 

< 0.003 
< 0.006 lc 
< 0.003 
< 0.003 
< 0.006 lc 
< 0.003 
< 0.020 

FLOW RELATIONSHIP CODE: 
N • UNKNOWN 

SAMPLE ID CODES: 
0001 • FILTERED SAMPLE (.45 MICRONS) 
N001 · UNFILTERED SAMPLE 

DETECTION 
LIMIT 

0.05 
0.1 

0.1 
0.1 
0.1 
0.1 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.006 
0.003 
0.02 
0.003 
0.003 
0.02 
0.003 
0.003 
0.006 
0.003 
0.003 
0.006 
0.003 
0.02 

PARAMETER 
UNCERTAINTY 

--
. 
. 
-. 
. 
. 
. 
. 
. 
-. 
. 
. . 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
-. 
. 
. 
. 
. 
. 
. 
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TABLE D.7.8 • SEEP WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT 
06/01/88 TO 11/18/92 

·. REPORT DATE: 02!18/93 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME 'ID LOG DATE ID COMP REL. 

ANTIMONY 0922 12/14/91 0001 NR N 
0923 04/25/91 0001 NR N 

ANTIMONY (TOTAL) 0248 04/23/90 N001 NR N· 
0248 06/25/90 N001 NR N 
0261 06/25/90 N001 NR N:' 
0922 06/25/90 N001 NR N 

ARSENIC 0248 10/03/90 0001 NR 
0248 04/25/91 0001 NR 
0248 08/24/91 0001 NR 
0248 12/13/91 0001 NR 
0253 05/10/91 0001 NR 
0253 08!25/91 0001 NR 
0254 10/03/90 0001 NR 
0254 05/10/91 0001 NR 
0261 10/03/90 0001 NR 
0261 05/11!91 0001 NR 
0261 12/14/91 0001 NR 
0922 06/01/88 0001 NR 
0922 08/30/88 0001 NR 
0922 10/03/90 0001 NR 
0922 04!25/91 0001 NR 
0922 08/24/91 0001 NR 
0922 12!14/91 0001 NR 
0923 06!01!88 0001 NR 
0923 04/25/91 0001 NR 
0924 08/30/88 0001 NR 

ARSENIC (TOTAL) 0248 04/23/90 N001 NR N 
0248 06/25/90 N001 NR N 
0261 06/25/90 N001 NR N 
0922 06/25/90 N001 NR N 

BARIUM 0248 10/03/90 0001 NR N 
0248 04/25/91 0001 NR N 
0248 08/24/91 0001 NR N 
0248 12/13/91 0001 NR N 
0253 05/10/91 0001 NR N 
0253 08!25/91 0001 NR N 
0254 10/03/90 0001 NR N 

FORMATION OF COMPLETION CODE: 
NR - NO RECOVERY OF DATA FOR,CLASSIFYING 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
I • INCREASED DETECTION LIMIT DUE TO REQUIRED DILUTION 
c - CHANGED DETECTION LIMIT 

UNITS OF PARAMETER 
MEASURE PVI!' VALUE FLAGS 

MG/L <I; 0.003 
< 0.003 

MG/L 0.030 
0.007 

< 0.003 
< 0.003 

MG/L < 0.05 lc 
< 0.03 I 
< 0.0020 
< 0.01 
< 0.03 I 

0.0034 
< 0.05 lc 
< 0.03 I 
< 0.05 lc 
< 0.03 I 
< 0.01 
< 0.01 

0.02 
< 0.05 lc 
< 0.03 I 

0.0033 
< 0.01 
< 0.01 
< 0.03 I 

0.02 

MG/L < 0.01 
< 0.01 

0.02 
< 0.01 

MG/L < 0.01 
< 0.01 
< 0.0022 
< 0.01 

0.01 
< 0.0022 
< 0.01 

FLOW RELATIONSHIP CODE: 
N • UNKNOWN 

SAMPLE ID CODES: 
0001 • FILTERED SAMPLE (.45 MICRONS) 
N001 - UNFILTERED SAMPLE 

DETECTION 
LIMIT 

0.003 
0.003 

0.003 
0.003 
0.003 
0.003 

0.05 
0.03 
0.002 
0.01 
0.03 
0.002 
0.05 
0.03 
0.05 
0.03 
0.01 
0.01 
0.01 
0.05 
0.03 
0.002 
0.01 
0.01 
0.03 
0.01 

0.01 
0.01 
0.01 
0.01 

0.01 
0.01 
0.0022 
0.01 
0.01 
0.0022 
0.01 

• 
PARAMETER 

UNCERTAINTY 

-
-
-
-
-
-
-
-
-
-
----
----
---
-
---
-
-
--
-
--
-
-
--
-
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LOCATION 
PARAMETER NAME ID 

BARIUM 0254 
0261 
0261 
0261 
0922 
0922 
0922 
0922 
0922 
0923 
0923 

BARIUM (TOTAL) 0248 
0248 
0261 
0922 

BERYLLIUM 0248 
0253 
0254 
0261 
0922 
0923 

BERYLLIUM (TOTAL) 0248 
0248 
0261 
0922 

BORON 0248 
0248 
0253 
0254 
0254 
0261 
0261 
0922 
0922 
0923 

BORON (TOTAL) 0248 
0248 

FORMATION OF COMPLETION CODE: 
NR · NO RECOVERY OF DATA FOR CLASSIFYING 

TABLE D.7.8 · SEEP WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT 

~~~~:~s:A~~:~~~~~,~~3 
• SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION 

LOG DATE ID COMP REL. MEASURE PVI VALUE FLAGS LIMIT 

05/10/91 0001 NR N MG/L 0.01 0.01 
10/03/90 0001 NR N 0.02 0.01 
05/11/91 0001 NR N 0.01 0.01 
12/14/91 0001 NR N 0.01 0.01 
06/01/88 0001 NR N < 0.1 0.1 
10/03/90 0001 NR N < 0.01 0.01 
04/25/91 0001 NR N 0.01 0.01 
08/24/91 0001 NR N < 0.0022 0.0022 
12/14/91 0001 NR N < 0.01 0.01 
06/01/88 0001 NR N < 0.1 0.1 
04/25/91 0001 NR N 0.03 0.01 

04/23/90 N001 NR N MG/L < 0.1 0.1 
06/25/90 N001 NR N < 0.1 0.1 
06/25/90 N001 NR N 0.2 0.1 
06/25/90 t.oo1 NR N < 0.1 0.1 

04/25/91 0001 NR N MG/L < 0.005 0.005 
05/10/91 0001 NR N < 0.005 0.005 
05/10/91 0001 NR N < 0.005 0.005 
05/11/91 0001 NR N < 0.005 0.005 
04/25/91 0001 NR N < 0.005 0.005 
04/25/91 0001 NR N < 0.005 0.005 

04/23/90 N001 NR N MG/L < 0.01 0.01 
06/25/90 N001 NR N < 0.01 0.01 
06/25/90 N001 NR N < 0.01 0.01 
06/25/90 N001 NR N < 0.01 0.01 

10/03/90 0001 NR N MG/L 1.17 0.05 
04/25/91 0001 NR N 1.27 0.05 
05/10/91 0001 NR N 0.81 0.05 
10/03/90 0001 NR N 0.88 0.05 
05/10/91 0001 NR N 1.20 0.05 
10/03/90 0001 NR N 0.28 0.05 
05/11/91 0001 NR N 0.40 0.05 
10/03/90 0001 NR N 0.69 0.05 
04/25/91 0001 NR N 0.80 0.05 
04/25/91 0001 NR N 0.78 0.05 

04/23/90 N001 NR N MG/L 1.1 0.1 
06/25/90 N001 NR N 1.2 0.1 

FLOW RELATIONSHIP CODE: 
N - UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): <- LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 · FILTERED SAMPLE (.45 MICRONS) 
N001 - UNFILTERED SAMPLE 

PARAMETER 
UNCERTAINTY 

--
--
--
--
--
-
--
--
-
-
-
---
--
-
-
-
-
-
--
--
--
-
-
-

• • • 



c 
I 
N. 
(X) 
w 

• TABLE D.7.8 - SEEP WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT 
06!01!88 TO 11/18/92. 1 
REPORT DATE: 02/18!~~ . 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP REL. 

BORON (TOTAL) 0261 06/25/90 N001 NR N 
0922 06/25/90 N001 NR N" 

BROMIDE 0248 10/03/90 0001 NR N 
0248 04/25/91 0001 NR N. 

~ 0253 05/10/91 0001 NR N 
0254 10/03/90 0001 NR N 

: 0254 05/10/91 0001 NR N 
0261 10/03/90 0001 NR N 
0261 05/11/91 0001 NR N 
0922 06!01!88 0001 NR N 
0922 10/03/90 0001 NR N 
0922 04/25/91 0001 NR N 
0923 06/01/88 0001 NR N 
0923 04/25/91 0001 NR N 

CADMIUM 0248 10/03/90 0001 NR N. 
0248 04/25/91 0001 NR N 
0248 08!24/91 0001 NR N 
0248 12/13/91 0001 NR N 
0253 05/10/91 0001 NR N 
0253 08/25/91 0001 NR N 
0254 10/03/90 0001 NR N. 
0254 05/10/91 0001 NR N 
0261 10/03/90 0001 NR N 
0261 05/11!91 0001 NR N 
0261 12!14/91 0001 NR N 
0922 06/01/88 0001 NR N 
0922 10/03/90 0001 NR N 
0922 04/25/91 0001 NR N 
0922 08/24/91 0001 NR N 
0922 12/14/91 0001 NR N 
0923 06!01!88 0001 NR N 
0923 04/25/91 0001 NR N 

CADMIUM (TOTAL) 0248 04/23/90 N001 NR N 
0248 06/25/90 N001 NR N 
0261 06/25/90 N001 NR N 
0922 06/25/90 N001 NR N 

CALCIUM 0248 10/03/90 0001 NR N 

FORMATION OF COMPLETION CODE: 
NR - NO RECOVERY OF DATA FOR CLASSIFYING 

PARAMETER VALUE INDICATOR CPVI): < - LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
I - INCREASED DETECTION LIMIT DUE TO REQUIRED DILUTION 
c - CHANGED DETECTION LIMIT 

UNITS OF \ PARAMETER l. 
MEASURE P\11 VALUE FLAGS 

MG/L 0.5 
0.9 

MG/L 0.4 
0.5 
1.1 

< 0.5 Ic 
< 1.0 I 

0.5 
0.6 

< 2.0 
0.5 
0.9 

< 2.0 
0.1 

MG/L < 0.001 
< 0.001 
< 0.0046 
< 0.001 

0.001 
< 0.0046 
< 0.001 

0.001 
< 0.001 
< 0.001 
< 0.001 
< 0.001 
< 0.001 
< 0.001 
< 0.0046 
< 0.001 
< 0.001 
< 0.001 

MG/L < 0.001 
0.002 
0.001 
0.001 

MG/L 500. 

FLOW RELATIONSHIP CODE: 
N - UNKNOWN 

SAMPLE ID CODES: 
0001 - FILTERED SAMPLE (.45 MICRONS) 
N001 - UNFILTERED SAMPLE 

DETECTION 
LIMIT 

0.1 
0.1 

0.1 
0.1 
0.1 
0.5 
1. 
0.1 
0.1 
2. 
0.1 
0.1 
2. 
0.1 

0.001 
0.001 
0.0046 
0.001 
0.001 
0.0046 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.0046 
0.001 
0.001 
0.001 

0.001 
0.001 
0.001 
0.001 

0.01 

• 
PARAMETER 

UNCERTAINTY 

--
-
--
--
--
--
--
-
--
--
--
-
-
--
-
-
---
-
--
-
-
-
-
-
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LOCATION 
PARAMETER NAME ID 

CALCIUM 0248 
0248 
0248 
0253 
0253 

i 0254 
0254 
0261 
0261 
0261 
0922 
0922 
0922 
0922 
0922 
0922 
0923 
0923 
0924 

CALCIUM (TOTAL) 0248 
0248 
0261 
0922 

CHLORIDE 0248 
0248 
0248 
0248 
0253 
0253 
0254 
0254 
0261 
0261 
0261 
0922 
0922 
0922 
0922 
0922 
0922 

FORMATION OF COMPLETION CODE: 
NR · NO RECOVERY OF DATA FOR CLASSIFYING 

TABLE D.7.8 • SEEP WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT 
06/01/88 TO 1~/18/92 
REPORT DATE: 02/18/93 

SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION 
LOG DATE ID COMP REL. MEASURE PVI VALUE FLAGS . LIMIT 

04/25/91 0001 NR N MG/L 525. 2. 
08/24/91 0001 NR N 420 0.009 
12/13/91 0001 NR N 419. 0.5 
05/10/91 0001 NR 595. 2. 
08/25/91 0001 NR 440 0.009 
10/03/90 0001 NR 656. 0.01 
05/10/91 0001 NR 650. 2. 
10/03/90 0001 NR 520. 0.01 
05/11/91 0001 NR 745. 2. 
12/14/91 0001 NR 481. 0.5 
06/01/88 0001 NR 540. 0.01 
08/30/88 0001 NR 504. 0.01 
10/03/90 0001 NR 530. 0.01 
04/25/91 0001 NR 590. 2. 
08/24/91 0001 NR 530 0.009 
12/14/91 0001 NR 454. 0.5 
06/01/88 0001 NR 530. 0.01 
04/25/91 0001 NR 640. 2. 
08/30/88 0001 NR 435. 0.01 

04/23/90 N001 NR N MG/L 528. 0.01 
06/25/90 N001 NR N 460. 0.01 
06/25/90 N001 NR N 590. 0.01 
06/25/90 N001 NR N 481. 0.01 

10/03/90 0001 NR MG/L 143. 1. 
04/25/91 0001 NR 12. 0.5 
08/24/91 0001 NR 140 0.5 
12/13/91 0001 NR 130. 1. 
05/10/91 0001 NR 185. 1. 
08/25/91 0001 NR 190 0.5 
10/03/90 0001 NR 113. 1. 
05/10/91 0001 NR 164. 1. 
10/03/90 0001 NR 176. 1. 
05/11/91 0001 NR 162. 1. 
12/14/91 0001 NR 181. 1. 
06/01/88 0001 NR 150. 1. 
08/30/88 0001 NR 141. 1. 
10/03/90 0001 NR 129. 1. 
04/25/91 0001 NR 158. 1. 
08/24/91 0001 NR 180 0.5 
12/14/91 0001 NR 135. 1. 

FLOW RELATIONSHIP CODE: 
N · UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 · FILTERED SAMPLE (.45 MICRONS) 
N001 · UNFILTERED SAMPLE 

PARAMETER 
UNCERTAINTY 

. 
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0 
I 

N 
(X) 
U'1 

• 
LOCATION 

PARAMETER NAME ID 

CHLORIDE 0923 
0923 
0924 

CHLORIDE (TOTAL) 0248 
0248 
0261 
0922 

CHROMIUM 0248 
0248 
0248 
0248 
0253 
0253 
0254 
0254 
0261 
0261 
0261 
0922 
0922 
0922 
0922 
0922 
0922 
0923 
0923 
0924 

CHROMIUM (TOTAL) '· 0248 
0248 
0261 
0922 

COBALT 0248 
0248 
0248 
0253 
0254 
0254 
0261 

FORMATION OF COMPLETION CODE: 
NR - NO RECOVERY OF DATA FOR CLASSIFYING 

TABLE D.7.8 - SEEP WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT 
06/01/88 lO 11/18/.92 
REPORT DATE: 02/18/93 

SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION 
LOG DATE ID COMP REL. MEASURE PVI VALUE FLAGS LIMIT 

06/01/88 0001 NR N MG/l 170. 1. 
04/25/91 0001 NR N . 246. 1. 
08/30/88 0001 NR ti 154. 1. 

' 
04/23/90 N001 NR N MG/l 183. 1. 
06/25/90 N001 NR N l 150. 1. 
06!25/90 N001 NR N 183. ·1. 
06/25/90 N001 NR N 150. 1. 

10i03/90 0001 NR MG/l < 0.01 Q.01 
04/25/91 0001 NR < 0.01 0.01 
08/24/91 0001 NR < 0.0032 0.0032 
12/13/91 0001 NR < 0.01 0.01 
05/10/91 0001 NR < 0.01 0.01 
08/25/91 0001 NR < 0.0032 0.0032 
10/03/90 0001 NR < 0.01 0.01 
05/10/91 0001 NR < 0.01 0.01 
10/03/90 0001 NR ; < 0.01 0.01 
05/11/91 0001 NR < 0.01 0.01 
12/14/91 0001 NR < 0.01 0.01 
06!01!88 0001 NR < 0.01 0.01 
08/30/88 0001 NR 0.12 0.01 
10/03/90 0001 NR < 0.01 0.01 
04/25/91 0001 NR < 0.01 0.01 
08/24/91 0001 NR < 0.0032 0.0032 
12/14/91 0001 NR < 0.01 0.01 
06/01/88 0001 NR < 0.01 0.01 
04/25/91 0001 NR < 0.01 0.01 
08/30/88 0001 NR 0.11 0.01 

04/23/90 N001 NR N MG/l < 0.01 0.01 
06/25/90 N001 NR N < 0.01 0.01 
06/25/90 N001 NR N 0.01 0.01 
06/25/90 N001 NR N < 0.01 0.01 

10/03/90 0001 NR N MG/l < 0.03 0.03 
04/25/91 0001 NR N < 0.03 0.03 
12/13/91 0001 NR N < 0.03 0.03 
05/10/91 0001 NR N < 0.03 0.03 
10/03/90 0001 NR N 0.04 0.03 
05/10/91 0001 NR N < 0.03 0.03 
10/03/90 0001 NR N < 0.03 0.03 

FLOW RELATIONSHIP CODE: 
N - UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): < - LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 - FILTERED SAMPLE (.45 MICRONS) 
N001 - UNFILTERED SAMPLE 

• 
PARAMETER 

UNCERTAINTY 

--
-
--
--
-
----
---
-
--
--
--
--
--
-
-
-
--
-- . 

-
-
-
--



0 
I 

N 
00 
C'l 

LOCATION 
PARAMETER NAME ID 

COBALT 0261 
0261 
0922 
0922 
0922 
0923 

COBALT (TOTAL) 0248 
0248 
0261 
0922 

COPPER 0248 
0248 
0248 
0248 
0253 
0253 
0254 
0254 
0261 
0261 
0261 
0922 
0922 
0922 
0922 
0923 

COPPER (TOTAL) 0248 
0248 
0261 
0922 

CYANIDE 0248 
0254 
0261 
0922 

FLUORIDE 0248 
0248 
0248 

FORMATION OF COMPLETION CODE: 
NR · NO RECOVERY OF DATA FOR CLASSIFYING 

l 

TABLE D.7.8 · SEEP WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT 

;· 
06!01i88 TO 11/1S/92: 
REPORT DATE·: 02/18/93 

SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION 
LOG DATE ID COMP REL. MEASURE PVI VALUE FLAGS LIMIT 

05/11/91 0001 NR N MG/L < 0.03 0.03 
12!14/91 0001 NR N < 0.03 0.03 
10/03/90 0001 NR N < 0.03 0.03 
04/25/91 0001 NR N < 0.03 0.03 
12/14/91 0001 NR N < 0.03 0.03 
04/25/91 0001 NR N' < 0.03 0.03 

04/23/90 N001 NR N MG/L < 0.01 0.05 
06/25/90 N001 NR N < 0.05 0.05 
06/25/90 N001 NR N < 0.05 0.05 
06/25/90 N001 NR N < 0.05 0.05 

10/03/90 0001 NR MG/L < 0.01 0.01 
04/25/91 0001 NR < 0.01 0.01 
08/24/91 0001 NR 0.0064 0.0005 
12!13/91 0001 NR < 0.01 0.01 
05!10/91 0001 NR < 0.01 0.01 
08/25/91 0001 NR 0.028 0.0005 
10/03/90 0001 NR < 0.01 0.01 
05!10/91 0001 NR 0.02 0.01 
10/03/90 0001 NR < 0.01 0.01 
05!11!91 0001 NR < 0.01 0.01 
12!14/91 0001 NR < 0.01 0.01 
10/03/90 0001 NR < 0.01 0.01 
04/25/91 0001 NR < 0.01 0.01 
08/24/91 0001 NR 0.033 0.0005 
12/14/91 0001 NR < 0.01 0.01 
04/25/91 0001 NR < 0.01 0.01 

04/23/90 N001 NR N MG/L < 0.02 0.02 
06/25/90 N001 NR N < 0.02 0.02 
06/25/90 N001 NR N 0.03 0.02 
06/25/90 N001 NR N 0.03 0.02 

10/03/90 0001 NR N MG/L < 0.01 0.01 
10/03/90 0001 NR N < 0.01 0.01 
10/03/90 0001 NR N < 0.01 0.01 
10/03/90 0001 NR N < 0.01 0.01 

10/03/90 0001 NR N MG/L 0.4 0.1 
04/25/91 0001 NR N 0.4 0.1 
08/24/91 0001 NR N 0.34 0.1 

FLOW RELATIONSHIP CODE: 
N · UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 · FILTERED SAMPLE (.45 MICRONS) 
N001 · UNFILTERED SAMPLE 

PARAMETER 
UNCERTAINTY 

-
-
--
--
-
-
-
-
. 
-. 
-. 
-. 
---. 
-
-. 
-. 
. 
--
-
. 
-
--
-
--

• • • 



• ~ • 
TABLE D.7.8 - SEEP WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT 
06/01/88 TO 11/18/92 1 

REPORT DATE:·: 02/18/93 ·1· 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP REL. 

' FLUORIDE 0253 05/10/91 0001 NR N 
0253 08/25/91 0001 NR N 
0254 10/03/90 0001 NR N 

. 0254 05/10/91 0001 NR N 
0261 10/03/90 0001 NR N 
0261 05/11/91 0001 NR N t 
0922 06/01/88 0001 NR N 
0922 08/30/88 0001 NR N 
0922 10/03/90 0001 NR N 
0922 04/25/91 0001 NR N 
0922 08/24/91 0001 NR N 
0923 06/01!88 0001 NR N 
0923 04/25/91 0001 NR .N 
0924 08/30/88 0001 NR N 

FLUORIDE (TOTAL) 
. 

0248 06/25/90 N001 NR .N 
0261 06/25/90 N001 NR N 
0922 06/25/90 N001 NR N 

· GROSS ALPHA 0248 10/03/90 0001 NR N 
0248 04/25/91 0001 NR .N 
0248 08/24/91 0001 NR 
0248 12/13/91 0001 NR 
0253 05/10/91 0001 NR 
0253 08/25/91 0001 NR 
0254 10/03/90 0001 NR 
0254 05!10/91 0001 NR 
0261 10/03/90 0001 NR 
0261 05/11!91 0001 NR 
0261 12/14/91 0001 NR 
0922 08/30/88 0001 NR 
0922 10/03/90 0001 NR 
0922 04/25/91 0001 NR 
0922 08/24/91 0001 NR 
0922 12/14/91 0001 NR 
0922 11/18/92 0001 NR 
0923 04/25/91 0001 NR 
0923 . 11!18/92 0001 NR 
0924 08/30/88 0001 . NR 

GROSS ALPHA (TOTAL) 0922 11/18/92 N001 NR N 

FORMATION OF COMPLETION CODE: 
NR - NO RECOVERY OF DATA FOR CLASSIFYING 

PARAMETER VALUE INDICATOR (PVI): <- LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
# - THE DATA HAS NOT YET UNDERGONE QUALITY CONTROL TESTS. 
b - CHANGED PARAMETER VALUE 

UNITS OF PARAMETER 
MEASURE · PVI VALUE FLAGS 

! ' 

MG/L 0.6 
0.68 
0.5 
0.5 
0.5 
0.4 
0.5 
0.4 
0.7 
0.6 
0.49 
0.5 
0.8 
0.6 

MG/L 0.3 
0.4 
0.4 

PCI/L 449. 
422. 
360 
419. 
218. 
180 
332. 
796. 

< 40.2 b 
29.6 
n.4 

120. 
241. 
118. 
130 
231. 
129. # 
35.0 
11.4 # 
97. 

PCI/L 111. # 

FLOW RELATIONSHIP CODE: 
N - UNKNOWN 

SAMPLE ID CODES: 
0001 - FILTERED SAMPLE (.45 MICRONS) 
N001 - UNFILTERED SAMPLE 

DETECTION 
LIMIT 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
0.2 
1. 
1. 
1. 
1. 

49.1 
1. 

42.4 
0.2 

49.1 

• 
PARAMETER 

UNCERTAINTY 

-
-
-
-
--
-
-
-
-
--
--
---

84.6 
79.1 
70 
67.9 
63.5 
50 
69.0 

131. 
40.2 
33.1 
40.4 
50. 
67.8 
53.5 
50 
60.8 
46.5 
60.6 

. 27.1 
35. 

44.4 



c 
I 

N 
(X) 
(X) 

• 

TABLE D.7.8 · SEEP WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
~ITE: HAT01 MEXICAN HAT 
06/01(88 TQ 11/18/92 
REPORT DATE: 02/18/93 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP REL. 

GROSS ALPHA (TOTAL) 0923 11/18/92 N001 NR N 

GROSS BETA 0248 10/03/90 0001 NR N 
0248 04/25/91 0001 NR N 
0248 08/24/91 0001 NR N,, 

~ 0248 12/13/91 0001 NR N; 
0253 05/10/91 0001 NR . 0253 08/25/91 0001 NR 
0254 10/03/90 0001 NR 
0254 05/10/91 0001 NR 
0261 10/03/90 0001 NR 
0261 05/11/91 0001 NR 
0261 12/14/91 0001 NR 
0922 08/30/88 0001 NR 
0922 10/03/90 0001 NR 
0922 04/25/91 0001 NR 
0922 08/24/91 0001 NR 
0922 12/14/91 0001 NR 
0922 11!18/92 0001 NR 
0923 04/25/91 0001 NR 
0923 11/18/92 0001 NR 
0924 08/30/88 0001 NR 

GROSS BETA (TOTAL) 0922 11!18/92 N001 NR N 
0923 11/18/92 N001 NR N 

IRON 0248 10/03/90 0001 NR 
0248 04/25/91 0001 NR 
0248 08/24/91 0001 NR 
0248 12/13/91 0001 NR 
0253 05/10/91 0001 NR 
0253 08/25/91 0001 NR 
0254 10/03/90 0001 NR 
0254 05/10/91 0001 NR 
0261 10/03/90 0001 NR 
0261 05/11/91 0001 NR 
0261 12/14/91 0001 NR 
0922 06/01/88 0001 NR 
0922 08/30/88 0001 NR 
0922 10/03/90 Q001 NR 
0922 04/25/91 0001 NR 

FORMATION OF COMPLETION CODE: 
NR · NO RECOVERY OF DATA FOR CLASSIFYING 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
# • THE DATA HAS NOT YET UNDERGONE QUALITY CONTROL TESTS • 

UNITS OF PARAMETER 
MEASURE PVI VALUE FLAGS 

PCI/L 20.1 # 

PCI/L 197. 
216. 
160 
144. 
85.1 
96 

246. 
291. 
46.3 
29.0 
62.7 
81. 

135. 
106. 
120 
133. 
65.4 # 
29.2 
22.0 # 
93. 

PCI/L 76.1 # 
25.9 # 

MG/L < 0.03 
< 0.03 
< 0.0053 
< 0.03 
< 0.03 
< 0.0053 
< 0.03 
< 0.03 
< 0.03 
< 0.03 
< 0.03 
< 0.03 

0.08 
< 0.03 
< 0.03 

FLOW RELATIONSHIP CODE: 
N · UNKNOWN 

SAMPLE ID CODES: 
0001 · FILTERED SAMPLE (.45 MICRONS) 
N001 · UNFILTERED SAMPLE 

• 

DETECTION 
LIMIT 

37.5 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
1. 
0.5 
0.5 
0.5 
0.5 

38.3 
0.5 

30.8 
1. 

38.3 
32.3 

0.03 
0.03 
0.0053 
0.03 
0.03 
0.0053 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 

PARAMETER 
UNCERTAINTY 

25.5 

29.7 
34.4 
30 
26.8 
28.8 
24 
33.7 
50.3 
22.0 
19.8 
23.5 
23. 
26.8 
29.7 
30 
34.9 
26.2 
43.1 
19.5 
20. 

26.7 
20.7 

-
-
-. 
--
-
-
--
--
--
-

• 



• •• TABLE D.7.8 · SEEP WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT 
06/01/88 TO 11/18/92, 
REPORT DATE: 02/18/93 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID J,.OG DATE ID COMP REL. 

IRON 0922 08/24/91 . 0001 NR N 
0922 12/14/91 0001 NR N 
0923 06/01/88 0001 NR N 
0923 04/25/91 0001 NR N 
0924 08/30/88 0001 NR N 

IRON (TOTAL) 0248 04/23/90 N001 NR N 
0248 06/25/90 N001 NR N 
0261 06/25/90 N001 NR N 
0922 06/25/90 N001 NR N 

LEAD 0248 10/03/90 0001 NR 
0248 04/25/91 0001 NR 
0248 08/24/91 0001 NR 
0248 12/13/91 0001 NR 
0253 05/10/91 0001 NR 
0253 08/25/91 0001 NR 
0254 10/03/90 0001 NR 
0254 05/10/91 0001 NR 
0261 10/03/90 0001 NR 
0261 05/11/91 0001 NR 
0261 12/14/91 0001 NR 
0922 10/03/90 0001 NR 
0922 04/25/91 0001 NR 
0922 08/24/91 0001 NR 
0922 12/14/91 0001 NR 
0923 04/25/91 0001 NR 

LEAD (TOTAL) 0248 04/23/90 N001 NR N 
0248 06/25/90 N001 NR N 
0261 06/25/90 N001 NR N 
0922 06/25/90 N001 NR N 

LEAD-210 0248 10/03/90 0001 NR N 
0254 10/03/90 0001 NR N 
0261 10/03/90 0001 NR N 
0922 10/03/90 0001 NR N 

MAGNESIUM 0248 10/03/90 0001 NR N 
0248 04/25/91 0001 NR N 

FORMATION OF COMPLETION CODE: 
NR - NO·RECOVERY OF DATA FOR CLASSIFYING 

PARAMETER VALUE INDICATOR CPVI): < • LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
I · INCREASED DETECTION LIMIT DUE TO REQUIRED DILUTION 
b · CHANGED PARAMETER VALUE 
c · CHANGED DETECTION LIMIT 

UNITS OF PARAMETER 
MEASURE PVI VALUE FLAGS 

')> 

MG/L < 0.0053 
< 0.03 
< 0.03 
< 0.03 

0.07 

MG/L 0.16 
0.66 
9.37 
1.05 

MG/L < 0.03 Ic 
< 0.005 
< 0.0085 I 
< 0.005 
< 0.005 
< 0.0017 
< 0.03 lc 
< 0.03 I 
< 0.03 Ic 
< 0.005 
< 0.005 
< 0.03 Ic 
< 0.005 
< 0.0085 I 
< 0.005 
< 0.005 

MG/L < 0.01 
0.02 
0.01 
0.02 

PCI/L 0.9 
< 2.5 b 

1.0 
< 1.5 b 

MG/L 296. 
289. 

FLOW RELATIONSHIP CODE: 
N · UNKNOWN 

SAMPLE ID CODES: 
0001 · FILTERED SAMPLE (.45 MICRONS) 
N001 · UNFILTERED SAMPLE 

DETECTION 
LIMIT 

0.0053 
0.03 
0.03 
0.03 
0.03 

0.03 
0.03 
0.03 
0.03 

0.03 
0.005 
0.0085 
0.005 
0.005 
0.0017 
0.03 
0.03 
0.03 
0.005 
0.005 
0.03 
0.005 
0.0085 
0.005 
0.005 

0.01 
0.01 
0.01 
0.01 

1.5 
1.5 
1.5 
1.5 

0.001 
0.5 

• 
PARAMETER 

UNCERTAINTY 

--
--
-
--
--
-
--
--
--
--
--
-----
-
-
-
-

2.7 
2.5 
2.5 
1.5 

--



··.· 
· ... 

·' 

c 
I 

1\l 
1.0 
0 

• 

TABLE D.7.8 - SEEP WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT 
06/01/88 TO 11/18/92 
REPORT DATE: 02/18/93 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP REL. 

MAGNESIUM 0248 08/24/91 0001 NR N 
0248 12/13/91 0001 NR N 
0253 05/10/91 0001 NR N 
0253 08/25/91 0001 NR N 
0254 10/03/90 0001 NR N 

f 0254 05/10/91 0001 NR N. 
0261 10/03/90 0001 NR 
0261 05/11/91 0001 NR 
0261 12/14/91 0001 NR 
0922 06/01/88 0001 NR 
0922 08/30/88 0001 NR 
0922 10/03/90 0001 NR 
0922 04/25/91 0001 NR 
0922 08/24/91 0001 NR 
0922 12/14/91 0001 NR 
0923 06/01/88 0001 NR 
0923 04/25/91 0001 NR 
0924 08/30/88 0001 NR 

MAGNESIUM (TOTAL) 0248 04/23/90 N001 NR N 
0248 06/25/90 N001 NR N 
0261 06/25/90 N001 NR N 
0922 06/25/90 N001 NR N 

MANGANESE 0248 10/03/90 0001 NR 
0248 04/25/91 0001 NR 
0248 08/24/91 0001 NR 
0248 12/13/91 0001 NR 
0253 05/10/91 0001 NR 
0253 08/25/91 0001 NR 
0254 10/03/90 0001 NR 
0254 05/10/91 0001 NR 
0261 10/03/90 0001 NR 
0261 05/11/91 0001 NR 
0261 12/14/91 0001 NR 
0922 06/01/88 0001 NR 
0922 08/30/88 0001 NR 
0922 10/03/90 0001 NR 
0922 04/25/91 0001 NR 
0922 08/24/91 0001 NR 
0922 12/14/91 0001 NR 

FORMATION OF COMPLETION CODE: 
NR - NO RECOVERY OF DATA FOR CLASSIFYING 

PARAMETER VALUE INDICATOR (PVI): < ~ LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
I - INCREASED DETECTION LIMIT DUE TO REQUIRED DILUTION 
c - CHANGED DETECTION LIMIT 

• 

UNITS OF PARAMETER 
MEASURE PVI VALUE FLAGS 

MG/L 240 
236. 
371. 
240 
570. 
880. 
44. 

234. 
217. 
264. 
235. 
315. 
367. 
330 
275. 
273. 
426. 
169. 

MG/L 280. 
270. 
243. 
286. 

MG/L < 0.02 lc 
< 0.05 I 
< 0.0019 
< 0.01 
< 0.05 I 

0.028 
1.59 
0.48 
0.10 

< 0.01 
0.05 

< 0.01 
0.03 
0.08 

< 0.01 
0.0081 

< 0.01 

FLOW RELATIONSHIP CODE: 
N - UNKNOWN 

SAMPLE ID CODES: 
0001 · FILTERED SAMPLE (.45 MICRONS) 
N001 - UNFILTERED SAMPLE 

DETECTION 
LIMIT 

0.014 
0.5 
0.5 
0.014 
0.001 
2. 
0.001 
0.5 
0.5 
0.001 
0.001 
0.001 
0.5 
0.014 
0.5 
0.001 
0.5 
0.001 

0.001 
0.001 
0.001 
0.001 

0.02 
0.05 
0.0019 
0.01 
0.05 
0.0019 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.0019 
0.01 

PARAMETER 
UNCERTAINTY 

--
--
--
--
--
----
-
-
-
-
-
--
-
-
-
-
-
--
--
--
--
-
-
-
-
-

• 



c 
I 

N 
1.0 ..... 

• 
LOCATION 

PARAMETER NAME ID 

MANGANESE 0923 
0923 
0924 

MANGANESE (TOTAL) 0248 
0248 
0261 
0922 

MERCURY 0248 
0248 
0248 
0253 
0254 
0261 
0261 
0922 
0922 
0922 
0922 
0923 

MERCURY (TOTAL) 0248 
0248 
0261 
0922 

MOLYBDENUM 0248 
0248 
0248 
0248 
0253 
0253 
0254 
0254 
0261 
0261 
0261 
0922 
0922 
0922 
0922 

FORMATION OF COMPLETION CODE: 
NR - NO RECOVERY OF DATA FOR CLASSIFYING 

TABLE D.7.8 • SEEP WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT 
06/01/88 To:11/18/92 • 
REPORT DATE:' 02!1~/93 

SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION 
LOG DATE ID COHP R~L. MEASURE P~l VALUE FLAGS LIMIT 

06/01/88 0001 NR N MG/L < 0.01 0.01 
04/25/91 0001 NR N 0.16 0.01 
08/30/88 0001 NR N 0.21 0.01 

04/23/90 N001 NR N. MG/L 0.02 0.01 
06/25/90 N001 NR 'Nt: 0.04 0.01 
06/25/90 N001 NR N 0.76 0.01 
06/25/90 N001 NR N 0.18 0.01 

10/03/90 0001 NR MG/L < 0.0002 0.0002 
08/24/91 0001 NR < 0.00010 0.0001 
12/13/91 0001 NR < 0.0002 0.0002 
08/25/91 0001 NR < 0.00010 0.0001 
10/03/90 0001 NR < 0.0002 0.0002 
10/03i90 0001 NR < 0.0002 0.0002 
12/14/91 0001 NR < 0.0002 0.0002 
06/01/88 0001 NR < 0.0002 0.0002 
10/03/90 0001 NR < 0.0002 0.0002 
08/24/91 0001 NR < 0.00010 0.0001 
12/14/91 0001 NR < 0.0002 0.0002 
06/01/88 0001 NR < 0.0002 0.0002 

04/23/90 N001 NR N MG/L < 0.0002 0.0002 
06/25/90 N001 NR N < 0.0002 0.0002 
06/25/90 N001 NR N < 0.0002 0.0002 
06/25/90 N001 NR N < 0.0002 0.0002 

10/03/90 0001 NR MG/L 0.03 0.01 
04/25/91 0001 NR 0.04 0.01 
08/24/91 0001 NR 0.041 0.0048 
12/13/91 0001 NR 0.02 0.01 
05/10/91 . 0001 NR 0.08 0.01 
08/25/91 0001 NR 0.12 0.0048 
10/03/90 0001 NR < 0.01 0.01 
05/10/91 0001 NR 0.01 0.01 
10/03/90 0001 NR 0.01 0.01 
05/11/91 0001 NR 0.01 0.01 
12!14/91 0001 NR 0.02 0.01 
06/01/88 0001 NR 0.02 0.01 
08/30/88 0001 NR 0.08 0.01 
10/03/90 0001 NR 0.01 0.01 
04!25/91 0001 NR 0.02 0.01 

FLOW RELATIONSHIP CODE: 
N • UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 · FILTERED SAMPLE (.45 MICRONS) 
N001 • UNFILTERED SAMPLE 

• 
PARAMETER 

UNCERTAINTY 

-. 
. 

-. 
. 
. 

-
-
-
-
-
--
--. 
-
-
--
--
-
--. 
-
----
--
-
-
--



TABLE D.7.8 • SEEP WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT 
06/0~/88 TO 11/18/92 ·t 
REPORT.DATE: 02/18/93 

LOCATION SAMPLE FORM FLOW UNITS OF PARAMETER 
PARAMETER NAME ID LOG DATE ID COMP REL. MEASURE PVI VALUE FLAGS 

MOLYBDENUM 0922 08/24/91 0001 NR N MG/L 0.024 
0922 12/14/91 0001 NR N < 0.01 
0923 06/01/88 0001 NR N 0.08 
0923 04/25/91 0001 NR N 0.04 
0924 08/30/88 0001 NR N 0.18 . . -

MOLYBDENUM (TOTAL) 0248 04/23/90 N001 NR N MG/L 0.03 
0248 06/25/90 N001 NR N 0.03 
0261 06/25/90 N001 NR N 0.02 
0922 06/25/90 N001 NR N 0.03 

NET GROSS ALPHA * 0248 10/03/90 0001 NR PCI/L 106.00 
0248 04/25/91 0001 NR 148.29 
0248 08/24/91 0001 NR 12.20 
0248 12/13/91 0001 NR 19.06 
0253 05!10/91 0001 NR 75.31 
0253 08/25/91 0001 NR -65.59 
0254 10/03/90 0001 NR -205.82 
0254 05/10/91 0001 NR 266.41 
0261 10/03/90 0001 NR -15.28 
0261 05/11/91 0001 NR 20.00 
0261 12!14/91 0001 NR 45.84 
0922 08/30/88 0001 NR -63.85 
0922 10/03/90 0001 NR 37.26 
0922 04/25/91 0001 NR -27.43 
0922 08/24/91 0001 NR -115.59 
0922 12/14/91 0001 NR -66.72 
0922 11!18/92 0001 NR -28.78 
0923 04/25/91 0001 NR 20.59 
0923 11/18/92 0001 NR -3.69 
0924 08/30/88 0001 NR -63.52 

NET GROSS ALPHA (TOTAL) ** 0922 11/18/92 N001 NR N PCI/L -45.41 
0923 11/18/92 N001 NR N 3.64 

NICKEL 0248 10/03/90 0001 NR N MG/L < 0.04 
0248 04/25/91 0001 NR N < 0.04 
0248 08!24/91 0001 NR N 0.027 

* NET GROSS ALPHA (GROSS ALPHA - URANIUM) WITH 1 MG URANIUM = 686 PCI 
** NET GROSS ALPHA (TOTAL) (TOTAL GROSS ALPHA - TOTAL URANIUM) 

FORMATION OF COMPLETION CODE: FLOW RELATIONSHIP CODE: 
NR · NO RECOVERY OF DATA FOR CLASSIFYING N - UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 · FILTERED SAMPLE (.45 MICRONS) 
N001 · UNFILTERED SAMPLE 

DETECTION 
LIMIT 

0.0048 
0.01 
0.01 
0.01 
0.01 

0.01 
0.01 
0.01 
0.01 

-----
--
-
-
--
-
-
--
---
-
-
--

0.04 
0.04 
0.0061 

PARAMETER 
UNCERTAINTY 

-
-
-
-
-
-
-
--
---
--
--
--
--
--
--
-
-
--
-
--
--
-

• • • 
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LOCATION 

PARAMETER NAME ID 

NICKEL 0248 
0253 
0253 
0254 

' 0254 
0261 
0261 
0261 
0922 
0922 
0922 
0922 
0922 
0922 
0923 
0923 
0924 

NICKEL (TOTAL) 0248 
0248 
0261 
0922 

NITRATE 0248 
0248 
0248 
0248 
0253 
0253 
0254 
0254 
0261 
0261 
0261 
0261 
0922 
0922 
0922 

. 0922 
0922 
0922 
0923 

FORMATION OF COMPLETION CODE: 
NR - NO RECOVERY OF DATA FOR CLASSIFYING 

j • 

TABLE D.7.8 - SEEP ·wATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT 
06/01/88 TO 11/18/92 
REPORT PATE: 02/18/93 ~· 

SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION 
LOG DATE ID COMP REL. MEASURE P.VI VALUE FLAGS LIMIT 

' 
12/13/91 0001 NR N MG/L <' 0.04 0.04 
05/10/91 0001 NR N' 0.04 0.04 
08/25/91 0001 NR N 0.029 0.0061 
10/03/90 0001 NR N 0.21 0.04 
05/10/91 0001 NR N 0.29 0.04 
10/03/90 0001 NR . l < 0.04 0.04 
05/11!91 0001 NR < 0.04 0.04 
12/14/91 0001 NR < 0.04 0.04 
06/01/88 0001 NR < 0.04 0.04 
08/30/88 0001 NR 0.08 0.04 
10/03/90 0001 NR 0.05 0.04 
04/25/91 0001 NR 0.04 0.04 
08/24/91 0001 NR . .. 0.034 0.0061 
12/14/91 0001 NR < 0.04 0.04 
06/01/88 0001 NR < 0.04 0.04 
04/25/91 0001 NR < 0.04 0.04 
08/30/88 0001 NR 0.07 0.04 

04/23/90 N001 NR N MG/L < 0.04 0.04 
06/25/90 N001 NR N 0.04 0.04 
06!25/90 N001 NR N < 0.04 0.04 
06/25/90 N001 NR N 0.06 0.04 

10/03/90 0001 NR N MG/L 50.2 1. 
04/25/91 0001 NR N 55.3 1. 
08/24/91 0001 NR N 49 0.22 
12/13/91 0001 NR N 45.6 4. 
05/10/91 0001 NR N 36.7 1. 
08/25/91 0001 NR N 16 0.22 
10/03/90 0001 NR N 994. 1. 
05/10/91 0001 NR N 753. 1. 
08/24/90 0001 NR N 3.0 1. 
10/03/90 0001 NR N < 1.0 1. 
05/11!91 0001 NR N· 8.9 1. 
12/14/91 0001 NR N < 1.0 1. 
06/01/88 0001 NR N 21.8 1. 
08/30/88 0001 NR .N 10. 1. 
10/03/90 0001 NR N 338. 1. 
04/25/91 0001 NR N 37.6 1. 
08/24/91 0001 NR N 49 0.22 
12!14/91 0001 NR N. 85.4 5. 
06/01/88 0001 NR N 13.7 1. 

FLOW RELATIONSHIP CODE: 
N - UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): < - LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 - FILTERED SAMPLE (.45 MICRONS) 
N001 - UNFILTERED SAMPLE 

• 
PARAMETER 

UNCERTAINTY 

--
----
--
--
--
--
--
-
--
--
-
--
----
-
-
--
-
-
-
-
--
--
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TABLE D.7.8 - SEEP WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT . 
06/01/88 TO 11/18/92 
REPDRT DATE: 02/18/93 

I ' 

LOCATION SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION PARAMETER 
PARAMETER NAME ID LOG DATE ID COMP REL. MEASURE PVI VALUE FLAGS LIMIT UNCERTAINTY 

NITRATE 0923 04!25/91 0001 NR N MG/L 1.5 1. . 
0924 08/30/88 0001 NR N 5.5 1. -

NITRATE (TOTAL) 0248 04/23/90 N001 NR N MG/L 4.7 1. . 
0248 06/25/90 N001 NR N 45. 1. -

i 0922 06/25/90 N001 NR N 7.8 1. -
' 

NITRITE AND NITRATE 0248 10/03/90 0001 NR N MG/L 11.4 1. -
0248 04/25/91 0001 NR . 12.5 0.05 -
0253 05/10/91 0001 NR 8.28 0.05 . 
0254 10/03/90 0001 NR 225. 1. -
0254 05/10/91 0001 NR 176. 0.05 -
0261 10/03/90 0001 NR 0.08 c 0.08 -
0261 05/11!91 0001 NR 2.04 0.05 -
0922 06/01/88 0001 NR 5.0 1. . 
0922 08/30/88 0001 NR 2.2 1. -
0922 10/03/90 000~ NR 76.4 1. . 
0922 04/25/91 0001 NR 8.48 0.05 -
0923 06/01/88 0001 NR 3.2 1. . 
0923 04/25/91 0001 NR 0.35 0.05 -
0924 08!30/88 0001 NR 1.2 1. -

NITRITE AND NITRATE (TOTAL) 0248 04/23/90 N001 NR N MG/L 10.6 1. . 

PH 0248 04/23/90 N001 NR su 7.96 - -
0248 06/25/90 N001 NR 7.88 - -
0248 10/03/90 0001 NR 8.59 - -
0248 04/25/91 0001 NR 8.09 - -
0248 08/24/91 0001 NR 8.00 - -
0248 12/13/91 0001 NR 8.14 - -
0253 05/10/91 0001 NR 7.52 - -
0253 08/25/91 0001 NR 7.73 . -
0254 10/03/90 0001 NR 7.96 - -
0254 05/10/91 0001 NR 7.94 . -
0261 06/25/90 N001 NR 7.59 . -
0261 10/03/90 0001 NR 7.76 - . 
0261 05/11!91 0001 NR 7.98 - -
0261 12/14/91 0001 NR 7.80 . . 
0922 06/01/88 0001 NR 7.02 - -
0922 08/30/88 0001 NR 6.92 - -
0922 06/25/90 N001 NR 6.70 - . 

FORMATION OF COMPLETION CODE: FLOW RELATIONSHIP CODE: 
MR - NO RECOVERY OF DATA FOR CLASSIFYING N - UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): < - LESS THAN DETECTION LIMIT SAMPLE ID CODESi 
0001 - FILTERED SAMPLE (.45 MICRONS) 

OTHER PARAMETER VALUE FLAGS: N001 - UNFILTERED SAMPLE 
c - CHANGED DETECTION LIMIT 

• • • 
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• TABLE D.7.8 - SEEP WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT 
06!01!88 To'11/18t92 \. l, 
REPORT DATE: 02/18/93 

LOCATION ' SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP REL. 

PH 0922 10/03/90 0001 NR N 
0922 04/25/91 0001 NR N . 
0922 08!24/91 0001 NR N· 
0922 12/14/91 0001 NR N· 
0923 06/01/88 0001 NR 'N 
0923 04/25/91 0001 NR ·N·~ 

0924 08/30/88 0001 NR N 

PHOSPHATE 0248 10/03/90 0001 NR N 
0254 10/03/90 0001 NR N 
0261 10/03/90 0001 NR N 
0922 06/01/88 0001 NR N 
0922 10/03/90 0001 NR N 
0923 06!01!88 0001 NR N 

PHOSPHATE (TOTAL) 0248 04/23/90 N001 NR N 
0248 06/25/90 N001 NR N 
0261 06/25/90 N001 NR N 
0922 06/25/90 N001 NR N 

POLONIUM-210 0248 10/03/90 0001 NR N 
0254 10/03/90 0001 NR N 
0261 10/03/90 0001 NR N 
0922 10/03/90 0001 NR N 

POTASSIUM 0248 10/03/90 0001 NR 
0248 04/25/91 0001 NR 
0248 08/24/91 0001 NR 
0248 12/13/91 0001 NR 
0253 05/10/91 0001 NR 
0253 08/25/91 0001 NR 
0254 10/03/90 0001 NR 
0254 05/10/91 0001 NR 
0261 10/03/90 0001 NR 
0261 05/11/91 0001 NR 
0261 12!14/91 0001 NR 
0922 06/01/88 0001 NR 
0922 08/30/88 0001 NR 
0922 10/03/90 0001 NR 
0922 04/25/91 0001 NR 

FORMATION OF COMPLETION CODE: 
NR - NO RECOVERY OF DATA FOR CLASSIFYING 

PARAMETER VALUE INDICATOR (PVI): < - LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
c - CHANGED DETECTION LIMIT 
d - CHANGED DETECTION LIMIT AND PARAMETER VALUE 

UNITS OF PARAMETER 
MEASURE ~VI VALUE FLAGS 

su 6.74 
7.48 
7.93 
6.93 
7.19 
8.20 
7.87 

MG/L 0.1 
0.1 
0.1 

< 0.1 
0.1 

< 0.1 

MG/L < 0.1 
< 0.1 
< 0.1 
< 0.1 

PCI/L < 0.3 d 
0.1 c 
0.5 c 
0.1 c 

MG/L 10.7 
12. 
13 
9.1 
9. 

14 
19. 
28. 
15. 
13. 
12. 
11.2 
14.3 
13. 
10. 

FLOW RELATIONSHIP CODE: 
N - UNKNOWN 

SAMPLE ID CODES: 
0001 - FILTERED SAMPLE (.45 MICRONS) 
N001 - UNFILTERED SAMPLE 

DETECTION 
LIMIT 

-
-
--
-
-
-

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

0.1 
0.1 
0.1 
0.1 

0.1 
0.3 
0.8 
0.3 

0.01 
5. 
0.0005 
0.01 
5. 
0.0005 
0.01 
5. 
0.01 
5. 
5. 
0.01 
0.01 
0.01 
5. 

• 
PARAMETER 

UNCERTAINTY 

--. 
--
-
-
-
----
--
-
--
-

0.3 
0.2 
0.3 
0.2 

-
--
--
--
-
-
--
-
-
-
-
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TABLE D.7~8 - SEEP WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT 
06/0,1/88 TO .11/18/92 '' 
REPORT DATE: 02/18/93 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP REL. 

POTASSIUM 0922 08/24/91 0001 NR N 
0922 12/14/91 0001 NR N 
0923 06/01/88 0001 NR N 
0923 04!25/91 0001 NR N 
0924 08/30/88 0001 NR N 

" 
POTASSIUM (TOTAL) 0248 04/23/90 N001 NR N' 

0248 06/25/90 N001 NR N 
0261 06/25/90 N001 NR N 
0922 06!25/90 N001 NR N 

RADIUM-226 0248 10/03/90 0001 NR 
0248 04/25/91 0001 NR 
0248 08/24/91 0001 NR 
0248 12/13/91 0001 NR 
0253 05/10/91 0001. NR 
0253 08/25/91 0001 NR 
0254 10/03/90 0001 NR 
0254 05/10/91 0001 NR 
0261 10/03/90 0001 NR 
0261 05/11/91 0001 NR 
0261 12/14/91 0001 NR 
0922 06/01/88 0001 NR 
0922 08/30/88 0001 NR N. 
0922 10/03/90 0001 NR N 
0922 04/25/91 0001 NR N 
0922 08!24/91 0001 NR N 
0922 12/14/91 0001 NR N 
0922 11!18/92 0001 NR N 
0923 06/01/88 0001 NR N 
0923 04/25/91 0001 NR N 
0923 11/18/92 0001 NR N 
0924 08/30/88 0001 NR N 

RADIUM·226 (TOTAL) 0248 04/23/90 N001 NR N 
0248 06/25/90 N001 NR N 
0261 06/25/90 N001 NR N 
0922 06/25/90 N001 NR N 

FORMATION OF COMPLETION CODE: 
NR · NO RECOVERY OF DATA FOR CLASSIFYING 

PARAMETER VALUE INDICATOR (PVI): < - LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
# - THE DATA HAS NOT YET UNDERGONE QUALITY CONTROL TESTS. 
b · CHANGED PARAMETER VALUE 
c - CHANGED DETECTION LIMIT 
d · CHANGED DETECTION LIMIT AND PARAMETER VALUE 

UNITS OF PARAMETER 
MEASURE PVI VALUE FLAGS 

MG/L 16 
2.5 

10.5 
17. 
11.6 

MG/L 14.0 
14.2 
25.7 
15.6 

PCI/L < 0.1 d 
0.0 
0.1 
0.2 
0.2 
0.0 
0.1 c 
0.3 

< 1.2 b 
0.1 
0.0 
0.6 
0.1 c 
0.1 c 
0.1 
0.1 
0.3 
0.2 # 
0.9 
0.2 
0.1 # 
0.1 c 

PCI/L < 0.2 d 
< 0.1 d 

0.8 
1.6 

FLOW RELATIONSHIP CODE: 
N · UNKNOWN 

SAMPLE ID CODES: 
0001 - FILTERED SAMPLE (.45 MICRONS) 
N001 - UNFILTERED SAMPLE 

• 

DETECTION 
LIMIT 

0.0005 
0.01 
0.01 
5. 
0.01 

0.01 
0.01 
0.01 
0.01 

0.1 
1. 
1. 
1. 
1. 
1. 
0.3 
1. 
1. 
1. 
1. 
1. 
0.2 
0.3 
1. 
1. 
1. 
0.3 
1. 
1. 
0.3 
0.2 

o. 1 
o. 1 
1. 
1. 

PARAMETER 
UNCERTAINTY 

--
---
--
--

0.1 
0.2 
0.2 
0.2 
0.3 
0.1 
0.2 
0.3 
1.2 
0.3 
0.1 
0.4 
0.1 
0.2 
0.2 
0.1 
0.2 
0.2 
0.5 
0.3 
0.2 
0.1 

0.2 
0.1 
0.6 
0.7 

• 
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• • TABLE D.7.8 · SEEP WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT 
06/01/88 TO 1,1/18/92 
REPORT DATE: 02/18/93 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP REL. 

RADIUM-226 (TOTAL) 0922 11/18/92 N001 NR N 
0923 11/18/92 N001 NR N 

RADIUM-226 + RADIUM-228 0248 10/03/90 0001 NR N 
0248 04/25/91 0001 NR . N 
0248 08/24/91 0001 NR Nj 
0248 12/13/91 0001 NR 
0253 05/10/91 0001 NR 
0253 08/25/91 0001 NR 
0254 10/03/90 0001 NR 
0254 05/10/91 0001 NR 
0261 10/03/90 0001 NR 
0261 05/11/91 0001 NR 
0261 12/14/91 0001 NR 
0922 06/01/88 0001 NR 
0922 08/30/88 0001 NR 
0922 10/03/90 0001 NR 
0922 04/25/91 0001 NR N 
0922 08/24/91 0001 NR N 
0922 12/14/91 0001 NR N 
0922 11/18/92 0001 NR N 
0923 06/01/88 0001 NR N 
0923 04/25/91 0001 NR N 
0923 11/18/92 0001 NR N 
0924 08/30/88 0001 NR N 

RADIUM-226 + RADIUM-228 TOTAL 0248 04/23/90 N001 NR N 
0248 06/25/90 N001 NR N 
0261 06/25/90 N001 NR N 
0922 06/25/90 N001 NR N 
0922 11/18/92 N001 NR N' 
'0923 11/18/92 N001 NR N 

RADJUM-228 0248 10/03/90 0001 NR N 
0248 04/25/91 0001 NR N 
0248 08/24/91 0001 NR N 
0248 12/13/91 0001 NR N 
0253 05/10/91 0001 NR N 
0253 08/25/91 0001 NR N 
0254 10/03/90 0001 NR N 
0254 05/10/91 0001 NR N 

FORMATION OF COMPLETION CODE: 
NR · NO RECOVERY OF DATA FOR CLASSIFYING 

PARAMETER VALUE INDICATOR (PVI): < - LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
# - THE DATA HAS NOT YET UNDERGONE QUALITY CONTROL TESTS. 

UNITS OF PARAMETER 
MEASURE PVI VALUE FLAGS 

PCI/L 0.1 # 
0.0 # 

PCI/L 0.85 
0.00 
0.10 
0.20 
3.90 
0.10 
1.10 
7.40 
1.50 
6.10 
2.10 
1.10 
0.40 
0.60 
0.10 
0.10 
0.90 
4.90 
1.40 
8.00 
1.10 
0.50 

PCI/L 0.55 
0.25 
2.20 
2.40 
1.20 
2.60 

PCI/L 0.8 
0.0 
0.0 
0.0 
3.7 
0.1 
1.0 
7.1 

FLOW RELATIONSHIP CODE: 
N - UNKNOWN 

SAMPLE ID CODES: 
0001 - FILTERED SAMPLE (.45 MICRONS) 
N001 - UNFILTERED SAMPLE 

DETECTION 
LIMIT 

0.3 
0.3 

-
-
-
-
-
--
--
--
-
-
-
-
--
--
--
-
--
--
--

1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 

• 
PARAMETER 

UNCERTAINTY 

0.2 
0.2 

-
----
-
-
-. 
--
-
-
--
-
-
--
---
--
-
-
-
-

1.4 
2.2 
0.9 
2.1 
2.5 
1.3 
1.6 
2.7 
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TABLE D.7.8 · SEEP WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT 
06/01/88 TO 11/18/92 
REPORT PATE: 02/18/93 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME 10 LOG DATE ID COMP REL. 

RADIUM-228 0261 10/03/90 0001 NR 
0261 05/11/91 0001 NR 
0261 12/14/91 0001 NR 
0922 06/01/88 0001 NR 
0922 08/30/88 0001 NR 

i 0922 10/03/90 0001 NR 
0922 04/25/91 0001 NR 
0922 08/24/91 0001 NR . , 

0922 12/14/91 0001 NR 
0922 11/18/92 0001 NR 
0923 06/01/88 0001 NR 
0923 04/25/91 0001 NR 
0923 11/18/92 0001 NR 
0924 08/30/88 0001 NR 

RADIUM-228 (TOTAL) 0248 04/23/90 N001 NR N 
0248 06/25/90 N001 NR N 
0261 06/25/90 N001 NR N 
0922 06/25/90 N001 NR N 
0922 11/18/92 N001 NR N 
0923 11/18/92 N001 NR N 

SELENIUM 0248 10/03/90 0001 NR 
0248 04/25/91 0001 NR 
'0248 08/24/91 0001 NR 
0248 12/13/91 0001 NR 
0253 05/10/91 0001 NR 
0253 08/25/91 0001 NR 
0254 10/03/90 0001 NR 
0254 05/10/91 0001 NR 
0261 10/03/90 0001 NR 
0261 05/11/91 0001 NR 
0261 12/14/91 0001 NR 
0922 06/01/88 0001 NR 
0922 10/03/90 0001 NR 
0922 04/25/91 0001 NR 
0922 08/24/91 0001 NR 
0922 12/14/91 0001 NR 
0923 06/01/88 0001 NR 

FORMATION OF COMPLETION CODE: 
NR • NO RECOVERY OF DATA FOR CLASSIFYING 

PARAMETER VALUE INDICATOR CPVI): < • LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
# - THE DATA HAS NOT YET UNDERGONE QUALITY CONTROL TESTS. 
I · INCREASED DETECTION LIMIT DUE TO REQUIRED DILUTION 
b · CHANGED PARAMETER VALUE 
c • CHANGED DETECTION LIMIT 

• 

UNITS OF PARAMETER 
MEASURE PVI VALUE FLAGS 

PCI/L 1.0 
6.0 
2.1 

< 1.1 b 
0.3 

< 1.2 b 
0.0 
0.0 
0.6 
4.7 # 

< 1.2 b 
7.8 
1.0 # 
0.4 

PCI/L < 0.8 b 
0.2 
1.4 
0.8 
1.1 # 
2.6 # 

MG/L 0.160 
0.310 
0.0052 
0.27 
0.025 
0.0090 

< 0.03 lc 
0.030 

< 0.03 lc 
< 0.03 I 
< 0.03 I 
< 0.005 

0.025 
0.032 
0.013 

< 0.03 I 
< 0.005 

FLOW RELATIONSHIP CODE: 
N - UNKNOWN 

SAMPLE ID CODES: 
0001 · FILTERED SAMPLE (.45 MICRONS) 
N001 · UNFILTERED SAMPLE 

DETECTION 
LIMIT 

1. 
1. 
1. 
1. 
1. 
1. 
1. 
1 • 
1. 
1.3 
1. 
1. 
2.1 
1. 

1. 
1. 
1. 
1. 
2.1 
1.6 

0.005 
0.005 
0.0016 
0.05 
0.005 
0.0016 
0.03 
0.005 
0.03 
0.03 
0.03 
0.005 
0.005 
0.005 
0.0016 
0.03 
0.005 

PARAMETER 
UNCERTAINTY 

1.6 
2.6 
2.6 
1.1 
0.8 
1.2 
2.3 
0.9 
2.4 
1.2 
1.2 
2.7 
1.3 
0.9 

0.8 
0.9 
2.6 
0.8 
1.4 
1.2 

--
-
-
-
-
--
-. 
-
-
-
-
-
-
-

• 



c 
I 

N 
1.0 
1.0 

• 
.. 

LOCATION 
PARAMETER NAME ID 

SELENIUM 0923 

SELENIUM (TOTAL) ·0248 
. 0248 
0261 

;0922 

SILICA - SI02 0248 
0248 
0253 
0254 
0254 
0261 
0261 
0922 
0922 
0922 
0922 
0923 

. 0923 
0924 

SILICA - SI02 (TOTAL) 0248 
0248 
0261 
0922 

SILVER 0248 
0248 
0248 
0248 
0253 
0253 
0254 
0254 
0261 
0261 
0261 
0922 
0922 
0922 
0922 

FORMATION OF COMPLETION CODE: 
NR - NO RECOVERY OF DATA FOR CLASSIFYING 

, • 
TABLE D.7.8 - SEEP WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT 
06/01/88 TO 11/18/92 
REPORT DATE:. 02/18/93. : 

SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION 
LOG DATE ID COMP REL. MEASURE P.VI 

! 
VALUE FLAGS LIMIT 

04/25/91 0001 NR N· MG/L 0.029 0.005 

04/23/90 N001 NR N MG/L 0.029 0.005 
06/25/90 N001 NR N 0.079 0.005 
06/25/90 N001 NR N < 0.005 0.005 
0~/25/90 N001 NR .N }' 0.012 0.005 

10/03/90 0001 NR MG/L 25.0 0.1 
04/25/91 0001 NR 27.7 0.1 
05/10/91 0001 NR 22.6 0.1 
10/03/90 0001 NR 40.2 0.1 
05/10/91 0001 NR 49.6 0.1 
10/03/90 0001 NR 15.5 0.1 
05/11/91 0001 NR 16.8 0.1 
06!01!88 0001 NR 21.2 2. 
08/30/88 0001 NR 25. 2. 
10/03/90 0001 NR 25.0 0.1 
04/25/91 0001 NR 24.4 0.1 
06/01/88 0001 NR 19.2 2. 
04/25/91 0001 NR 24.4 0.1 
08/30/88 0001 NR 19. 2. 

04/23/90 N001 NR N MG/L 25. 2 •. 
06/25/90 N001 NR N 28. 2. 
06/25/90 N001 NR N 46. 2. 
06/25/90 N001 NR N 30. 2. 

10/03/90 0001 NR MG/L < 0.01 0.01 
04/25/91 0001 NR < 0.01 0.01 
08/24/91 0001 NR < 0.0029 0.0029 
12/13/91 0001 NR < 0.01 0.01 
05/10/91 0001 NR < 0.01 0.01 
08!25/91 0001 NR < 0.0029 0.0029 
10/03/90 0001 NR < 0.01 0.01 
05!10/91 0001 NR < 0.01 0.01 
10/03/90 0001 NR < 0.01 0.01 
05/11!91 0001 NR < 0.01 0.01 
12!14/91 0001 NR < 0.01 0.01 
06/01/88 0001 NR < 0.01 0.01 
10/03/90 0001 NR < 0.01 0.01 
04!25/91 0001 NR < 0.01 0.01 
08/24/91 0001 NR < 0.0029 0.0029 

FLOW RELATIONSHIP CODE: 
N - UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): < - LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 - FILTERED SAMPLE (.45 MICRONS) 
N001 - UNFILTERED SAMPLE 

• 
PARAMETER 

UNCERTAINTY 

-
-
-
-
-
-
--
---
-
----
--
-
--

. -
-
-
-
--
-
--
--
--
--
--



c 
I 
w 
0 
0 

LOCATION 
PARAMETER NAME ID 

SILVER 0922 
0923 
0923 

SILVER (TOTAL) 0248 
!0248 
0261 
0922 

SODIUM 0248 
0248 
0248 
0248 
0253 
0253 
0254 
0254 
0261 
0261 
0261 
0922 
0922 
0922 
0922 
0922 
0922 
0923 
0923 
0924 

SODIUM (TOTAL) 0248 
0248 
0261 
0922 

SPECIFIC CONDUCTANCE 0248 
0248 
0248 
0248 
0248 
0248 
0253 

FORMATION OF COMPLETION CODE: 
NR · NO RECOVERY OF DATA FOR CLASSIFYING 

TABLE D.7.8 · SEEP WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT 
06/01/88 TO 11/18/92 
REPORT DATE: .02/18/93 

SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION 
LOG DATE ID COMP REL. MEASURE PVI VALUE FLAGS LIMIT 

12!14/91 0001 NR N MG/L < 0.01 0.01 
06/01!88 0001 NR N < 0.01 0.01 
04!25/91 0001 NR N < 0.01 0.01 

04/23/90 N001 NR N MG/L < 0.01 0.01 
06/25/90 N001 NR N < 0.01 0.01 
06/25/90 N001 NR N . < 0.01 0.01 
06/25/90 N001 NR N < 0.01 0.01 

10/03/90 0001 NR N MG/L 780. 0.002 
04/25/91 0001 NR N 756. 5. 
08/24/91 0001 NR N 590 0.014 
12/13/91 0001 NR N. 578. 5. 
05!10/91 0001 NR 907. 5. 
08/25/91 0001 NR 570 0.014 
10/03/90 0001 NR 496. 0.002 
05!10/91 0001 NR 798. 5. 
10/03/90 0001 NR 740. 0.002 
05/11!91 0001 NR 711. 5. 
12/14/91 0001 NR 661. 5. 
06/01/88 0001 NR no. 0.002 
08/30/88 0001 NR 607. 0.002 
10/03/90 0001 NR 670. 0.002 
04!25/91 0001 NR 852. 5. 
08/24/91 0001 NR 580 0.014 
12!14/91 0001 NR 555. 5. 
06/01/88 0001 NR 750. 0.002 
04!25/91 0001 NR 1520. 20. 
08/30/88 0001 NR 480. 0.002 

04/23/90 N001 NR N MG/L 685. 0.002 
06/25/90 N001 NR N 728. 0.002 
06/25/90 N001 NR N 757. 0.002 
06/25/90 N001 NR N 587. 0.002 

04/23/90 N001 NR N UMHO/CM 4506. -
06/25/90 N001 NR N 6200. -
10/03/90 0001 NR N 9100. -
04/25/91 0001 NR N 5580. -
08/24/91 0001 NR N 5910. . 
12/13/91 0001 NR N 289 . 
05/10/91 0001 NR N 5600. . 

FLOW RELATIONSHIP CODE: 
N · UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT SAMPLE ID CODES: 

• 
0001 · FILTERED SAMPLE (.45 MICRONS) 
N001 · UNFILTERED SAMPLE 

• 

PARAMETER 
UNCERTAINTY 

-
-
-
--
--
-
-
-
-
-
--. 
-
--. 
--
-
--
--. 
--
--
-
-
-
-. 
. 
. 

• 



c 
I 
w 
0 ...... 

• 
LOCATION 

PARAMETER NAME ID 

SPECIFIC CONDUCTANCE 0253 
0254 
0254 
0261 
0261 
0261 
0261 
0922 
0922 
0922 
0922 
0922 
0922 
0922 
0923 
0923 
0924 

STRONTIUM 0248 
0248 . 0248 
0248 
0253 
0253 
0254 
0254 
0261 
0261 
0261 
0922 
0922 
0922 
0922 
0923 

STRONTIUM (TOTAL) 0248 
0248 
0261 
0922 

SULFATE 0248 
0248 

FORMATION OF COMPLETION CODE: 
NR • NO RECOVERY OF DATA FOR CLASSIFYING 

TABLE D.7.8 • SEEP .. WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT 
06/01/88 TO 11/18/92. 
REPORT DATE: 02/18/93 

SAMPLE FORM FLOW UNITS OF 
LOG DATE ID COMP REL. MEASURE 

08/25/91 0001 NR N: UMHO/CM 
10/03/90 0001 NR N 
05/10/91 0001 NR N 
06/25/90 N001 NR N,. 
10/03/90 0001 NR N 
05/11!91 0001 NR N: 
12/14/91 0001 NR N 
06/01/88 0001 NR N; 
08/30/88 0001 NR N· 
06/25/90 N001 NR N 
10/03/90 0001 NR N 
04/25/91 0001 NR N 
08/24/91 0001 NR N 
12/14/91 0001 NR N 
06/01/88 0001 NR N 
04/25/91 0001 NR N 
08/30/88 0001 NR N 

10/03/90 0001 NR MG/L 
04/25/91 0001 NR 
08/24/91 0001 NR 
12/13/91 0001 NR 
05/10/91 0001 NR 
08/25/91 0001 NR 
10/03/90 0001 NR 
05/10/91 0001 NR 
10/03/90 0001 NR 
05/11!91 0001 NR 
12/14/91 0001 NR 
10/03/90 0001 NR 
04/25/91 0001 NR 
08/24/91 0001 NR 
12/14/91 0001 NR 
04/25/91 0001 NR 

04/23/90 N001 NR N MG/l 
06/25/90 N001 NR N 
06/25/90 N001 NR N 
06/25/90 N001 NR N 

10/03/90 0001 NR N MG/L 
04/25/91 0001 NR N 

PARAMETER 
PVI ~ V.A~UE 

5430. 
5100. 
7440. 
7800. 
4500. 
5060. 
2970 
3925. 
4600. 
6500. 
4700. 
5860. 
5260. 
335 

4100. 
9530. 
4250. 

9.94 
10.8 
10 
8.87 

15.1 
11 
11.4 
14.9 
11.0 
11.9 
10.4 
11.4 
12.9 
11 
10.2 
13.8 

9.29 
9.84 

12.0 
10.6 

3500. 
3320. 

FLOW RELATIONSHIP CODE: 
N • UNKNOWN 

DETECTION 
FLAGS LIMIT 

. 

. 
-
-. 
. 
. . 
. 
. 
. 
. 
. 
. 
. 
. 
. 

0.01 
0.01 . 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

0.1 
0.1 
0.1 
0.1 

0.1 
10. 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 - FILTERED SAMPLE (.45 MICRONS) 
N001 - UNFILTERED SAMPLE 

• 
PARAMETER 

UNCERTAINTY 

-
-
-
-. 
. 
. 
. 
. 
. 
. 
-. 
. 
-. 
. 

-
-
---
-
-
-
--
----
-
-
-
--
-
-
-



:: 

.. 

.: 
'i ,. ,. 

.·· 

0 
I 
w 
0 
N 

LOCATION 
PARAMETER NAME ID 

SULFATE 0248 
0248 
0253 
0253 
0254 

! 0254 
0261 
0261 
0261 
0922 
0922 
0922 . 0922 
0922 
0922 
0923 
0923 
0924 

SULFATE (TOTAL) 0248 
0248 
0261 
0922 

SULFIDE 0248 
0248 
0253 
0254 
0254 
0261 
0261 
0922 
0922 
0922 
0923 
0923 

TEMPERATURE 0248 
0248 
0248 
0248 
0248 

FORMATION OF COMPLETION CODE: 
NR - NO RECOVERY OF DATA FOR CLASSIFYING 

TABLE D.7.8 · SEEP WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT 
06/01/88.TO 11/18/92 
REPORT DATE: 02/18/93 

SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION 
LOG DATE ID COMP REL. MEASURE PVI VALUE FLAGS LIMIT 

08/24/91 0001 NR N MG/L 3700 1. 
12/13/91 0001 NR N 3140. 10. 
05/10/91 0001 NR N 3520. 10. 
08/25/91 0001 NR N 3200 1. 
10/03/90 0001 NR N 3400. 0.1 
05/10/91 0001 NR 3040. 10. 
10/03/90 0001 NR 3280. 0.1 
05/11/91 0001 NR 3060. 10. 
12/14/91 0001 NR 3050. 10. 
06/01/88 0001 NR 3160. 0.1 
08/30/88 0001 NR 3070. 0.1 
10/03/90 0001 NR 3420. 0.1 
04/25/91 0001 NR 3470. 10. 
08/24/91 0001 NR 3800 1. 
12/14/91 0001 NR 3170. 10. 
06/01/88 0001 NR 3330. 0.1 
04/25/91 0001 NR 4840. 10. 
08/30/88 0001 NR 2570. 0.1 

04/23/90 N001 NR N MG/L 3260. 0.1 
06/25/90 N001 NR N 3604.7 0.1 
06/25/90 N001 NR N 3652.1 0.1 
06/25/90 N001 NR N 3907.2 0.1 

10/03/90 0001 NR MG/L 0.4 0.1 
04/25/91 0001 NR 22.4 1. 
05/10/91 0001 NR 15.6 1. 
10/03/90 0001 NR 8.9 0.1 
05/10/91 0001 NR 14.6 1. 
10/03/90 0001 NR < 0.1 0.1 
05/11/91 0001 NR 4.44 1. 
06!01!88 0001 NR 0.2 0.1 
10/03/90 0001 NR < 0.1 0.1 
04/25/91 0001 NR 26.9 1. 
06/01/88 0001 NR < 0.1 0.1 
04/25/91 0001 NR 4.6 1. 

04/23/90 N001 NR N C - DEGREE 21. -
06/25/90 N001 NR N 32.0 -
10/03/90 0001 NR N 20.1 -
04/25/91 0001 NR N 17.7 -
08/24/91 0001 NR N 20.8 -

FLOW RELATIONSHIP CODE: 
N - UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): < - LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 - FILTERED SAMPLE (.45 MICRONS) 
N001 · UNFILTERED SAMPLE 

PARAMETER 
UNCERTAINTY 

-
-
------
---
-
--
--
--
-
--
-
--
--
--
----
--
-
--
-
-

• •• • 
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• TABLE D.7.8 • SEEP, WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT 
06/01/88 TO 11/18/92 i 

· ·· REPORT DATE:· 02/18/93 · 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP REL. 

TEMPERATURE 0248 12/13/91 0001 NR N 
0253 05/10/91 0001 NR N 
0253 08/25/91 0001 NR N 
0254 10/03/90 0001 NR N 
0254 05/10/91 0001 NR N 

: 0261 06/25/90 N001 NR N''i 
\' 

0261 10/03/90 0001 NR 
0261 05/11/91 0001 NR 
0261 12/14/91 0001 NR 
0922 06/01/88 0001 NR 
0922 08/30/88 0001 NR 
0922 06/25/90 N001 NR 
0922 10/03/90 0001 NR 
0922 04/25/91 0001 NR 
0922 08/24/91 0001 NR 
0922 12/14/91 0001 NR 
0923 06/01/88 0001 NR 
0923 04/25/91 0001 NR 
0924 08/30/88 0001 NR 

THALLIUM 0248 04/25/91 0001 NR N 
0253 05/10/91 0001 NR N 
0254 05/10/91 0001 NR N 
0261 05/11/91 0001 NR N 
0922 04/25/91 0001 NR N 
0923 04/25/91 0001 NR N 

THALLIUM (TOTAL) 0248 04/23/90 N001 NR N 
0248 06/25/90 N001 NR N 
0261 06/25/90 N001 NR N 
0922 06/25/90 N001 NR N 

THORIUM-230 0248 10/03/90 0001 NR N 
0248 04/25/91 0001 NR N 
0253 05/10/91 0001 NR N 
0254 10/03/90 0001 NR N 
0254 05/10/91 0001 NR N 
0261 10/03/90 0001 NR N 
0261 05/11/91 . 0001 NR N 
0922 06/01/88 0001 NR N 

FORMATION OF COMPLETION CODE: 
NR - NO RECOVERY OF DATA FOR CLASSIFYING 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
c - CHANGED DETECTION LIMIT 
d • CHANGED DETECTION LIMIT AND PARAMETER VALUE 

UNITS OF PARAMETER 
MEASURE P~l VALUE FLAGS 

C • DEGREE 1.4 
14.4 
22.9 
17.1 
13.9 
37.0 
17.5 
9.3 
1.9 

16.5 
21. 

'· 33.0 
18. 
18.7 
22.3 
3.8 

18.0 
25.9 
22.0 

MG/L < 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 ~ 

MG/L < 0.01 
< 0.01 
< 0.01 
< 0.01 

PCI/L 0.4 c 
0.1 
0.1 
0.3 c 
0.0 

< 0.3 d 
0.03 
0.5 

FLOW RELATIONSHIP CODE: 
N • UNKNOWN 

SAMPLE ID CODES: 
0001 • FILTERED SAMPLE (.45 MICRONS) 
N001 • UNFILTERED SAMPLE 

DETECTION 
LIMIT 

-
-
--
--
----
-
-
----
--
-

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

0.01 
0.01 
0.01 
0.01 

0.8 
1. 
1. 
0.6 
1. 
0.1 
1. 
1. 

• 
PARAMETER 

UNCERTAINTY 

-
-
--
--
--
--
-
-
-------
--
--
--
--
-
-

0.4 
0.2 
0.1 
0.3 
0.1 
0.3 
0.2 
0.6 
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I 
w 
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~ 

• 

TABLE D.7.8 • SEEP WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT 
06/01/88 TO 11!18/92 1• 
REPORT DATE: 02/18/93 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP REL. 

THORIUM·230 0922 08/30/88 0001 NR N 
0922 10/03/90 0001 NR N 
0922 04/25/91 0001 NR N 
0923 06/01/88 0001 NR N 
0923 04/25/91 0001 NR N 
0924 08/30/88 0001 NR N, -

TIN 0248 10/03/90 0001 NR 
0248 04/25/91 0001 NR 
0248 08/24/91 0001 NR 
0253 05/10/91 0001 NR 
0253 08!25/91 0001 NR 
0254 10/03/90 0001 NR 
0254 05/10/91 0001 NR 
0261 10/03/90 0001 NR 
0261 05/11!91 0001 NR 
0922 10/03/90 0001 NR 
0922 04/25/91 0001 NR 
0922 08/24/91 0001 NR 
0923 04/25/91 0001 NR 

TIN (TOTAL) 0248 04/23/90 N001 NR N 
0248 06/25/90 N001 NR N 
0261 06/25/90 N001 NR N 
0922 06/25/90 N001 NR N 

TOTAL DISSOLVED SOLIDS 0248 10/03/90 0001 NR 
0248 04/25/91 0001 NR 
0248 08/24/91 0001 NR 
0248 12!13/91 0001 NR 
0253 05/10/91 0001 NR 
0253 08/25/91 0001 NR 
0254 10/03/90 0001 NR 
0254 05/10/91 0001 NR 
0261 10/03/90 0001 NR 
0261 05/11/91 0001 NR 
0261 12/14/91 0001 NR 
0922 06!01!88 0001 NR 
0922 08/30/88 0001 NR 

FORMATION OF COMPLETION CODE: 
NR • NO RECOVERY OF DATA FOR CLASSIFYING 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
I • INCREASED DETECTION LIMIT DUE TO REQUIRED DILUTION 
c • CHANGED DETECTION LIMIT 
d • CHANGED DETECTION LIMIT AND PARAMETER VALUE 

UNITS OF PARAMETER 
MEASURE PVI VALUE FLAGS 

PCI/L 0.3 c 
0.2 c 
0.1 
0.4 
0.0 

< 0.4 d 

MG/L < 0.05 lc 
< 0.03 I 
< 0.0050 
< 0.03 I 
< 0.0050 
< 0.05 lc 
< 0.03 I 
< 0.05 lc 
< 0.03 I 
< 0.05 lc 
< 0.03 I 
< 0.0050 
< 0.03 I 

MG/L 0.069 
0.006 
0.023 
0.010 

MG/L 5780. 
5670. 
5600 
5220. 
5870. 
5000 
6900. 
5020. 
5330. 
5030. 
4860. 
5490. 
5230. 

FLOW RELATIONSHIP CODE: 
N • UNKNOWN 

SAMPLE ID CODES: 
0001 • FILTERED SAMPLE (.45 MICRONS) 
N001 • UNFILTERED SAMPLE 

• 

DETECTION 
LIMIT 

0.8 
0.6 
1. 
1. 
1. 
0.1 

0.05 
0.03 
0.005 
0.03 
0.005 
0.05 
0.03 
0.05 
0.03 
0.05 
0.03 
0.005 
0.03 

0.005 
0.005 
0.005 
0.005 

10. 
10. 
10. 
10. 
10. 
10. 
10. 
10. 
10. 
10. 
10. 
10. 
10. 

PARAMETER 
UNCERTAINTY 

0.5 
0.4 
0.2 
0.6 
0.1 
0.4 

. 

. 

. 

. 

. 

. 

. 

. . 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

• 
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• 
LOCATION 

PARAMETER NAME ID 

TOTAL DISSOLVED SOLIDS 0922 
0922 
0922 
0922 
0923 

' 0923 
0924 

TOTAL DISSOLVED SOLIDS (TOTAL) 0248 
0248 
0261 
0922 

TOTAL KJELDAHL NITROGEN 0248 
0248 
0253 
0254 
0254 
0261 
0261 
0922 
0922 
0923 

TOTAL ORGANIC CARBON 0248 
0248 
0253 
0254 
0254 
0261 
0261 
0922 
0922 
0923 

URANIUM 0248 
0248 
0248 
0248 
0253 
0253 
0254 

FORMATION OF COMPLETION CODE: 
NR • NO RECOVERY'OF DATA FOR CLASSIFYING 

TABLE D.7.8 • SEEP WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT 
06/01/88 TO 11/18/92 
REPORT.DATE: 02/18/93 

SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION 
LOG DATE ID COMP REL. MEASURE ~VI ,VALUE FLAGS LIMIT 

10/03/90 0001 NR N MG/L 5670. 10. 
04/25/91 0001 NR N 6140. 10. 
08/24/91 0001 NR N 5800 10. 
12!14/91 0001 NR N 5550. 10. 
06/01/88 0001 NR N 5310. 10. 
04/25/91 0001 NR N 7780. 10. 
08/30/88 0001 NR N 4310. 10. 

04/23/90 N001 NR N MG/L 5050. 10. 
06/25/90 N001 NR N 5170. 10. 
06!25/90 N001 NR N 5220. 10. 
06/25/90 N001 NR N 5540. 10. 

10/03/90 0001 NR N MG/L < 1. 1. 
04/25/91 0001 NR N < 1. 1. 
05/10/91 0001 NR N < 1. 1. 
10/03/90 0001 NR N < 1. 1. 
05/10/91 0001 NR N < 1. 1. 
10/03/90 ·0001 NR N < 1. 1. 
05/11/91 0001 NR N < 1. 1. 
10/03/90 0001 NR N < 1. 1. 
04/25/91 0001 NR N 1. 1. 
04/25/91 0001 NR N 2. 1. 

10/03/90 0001 NR N MG/L 6. 1. 
04/25/91 0001 NR N 3. 1. 
05/10/91 0001 NR N 3. 1. 
10/03/90 0001 NR N 35. 1. 
05/10/91 0001 NR N 7. 1. 
10/03/90 0001 NR N 8. 1. 
05/11!91 0001 NR N 6. 1. 
10/03/90 0001 NR N 11. 1. 
04!25/91 0001 NR N 4. 1. 
04!25/91 0001 NR N 6. 1. 

10/03/90 0001 NR N MG/L 0.500 0.001 
04!25/91 0001 NR N 0.399 0.001 
08!24/91 0001 NR N 0.507 0.0003 
12/13/91 0001 NR N 0.583 0.001 
05/10/91 0001 NR N 0.208 0.001 
08/25/91 0001 NR N 0.358 0.0003 
10/03/90 0001 NR N 0.784 0~001 

FLOW RELATIONSHIP CODE: 
N • UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 • FILTERED SAMPLE (.45 MICRONS) 
N001 • UNFILTERED SAMPLE 

• 
PARAMETER 

UNCERTAINTY 

. 
-. 
. 
. 
-
-
-
-
--
. 
. 
-
-
-
-
-
--
-
--. 
. 
. 
. 
. 
-. 
-
. 
-. 
--
-
-
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TABLE D.7.8 • SEEP WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT 
06!01!88 TO 11!18/92 ~. 
REPORT DATE: 02118/93 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP REL. 

URANIUM 0254 05/10/91 0001 NR N 
0261 10/03/90 0001 NR 
0261 05/11/91 0001 NR 
0261 12/14/91 0001 NR 
0922 06/01/88 0001 NR 

' ! 0922 08/30/88 0001 NR 
0922 10/03/90 0001 NR 
0922 04/25/91 0001 NR 
0922 08/24/91 0001 NR 
0922 12/14/91 0001 NR 
0922 11/18/92 0001 NR 
0923 06/01/88 0001 NR 
0923 04/25/91 0001 NR 
0923 11/18/92 0001 NR 
0924 08/30/88 0001 NR 

URANIUM (TOTAL) 0248 04/23/90 N001 NR N 
0248 06!25/90 N001 NR N 
0261 06/25/90 N001 NR N 
0922 06/25/90 N001 NR N 
0922 11!18/92 N001 NR N 
0923 11!18/92 N001 NR N 

VANADIUM 0248 10/03/90 0001 NR 
0248 04/25/91 0001 NR 
0248 08/24/91 0001 NR 
0248 12!13/91 0001 NR 
0253 05/10/91 0001 NR 
0253 08/25/91 0001 NR 
0254 10/03/90 . 0001 NR 
0254 05/10/91 0001 NR 
0261 10/03/90 0001 NR 
0261 05!11/91 0001 NR 
0261 12/14/91 0001 NR 
0922 06/01/88 0001 NR 
0922 08/30/88 0001 NR 
0922 10/03/90 0001 NR 
0922 04/25/91 0001 NR 
0922 08/24/91 0001 NR 
0922 12!14/91 0001 NR 
0923 06/01/88 0001 NR 

FORMATION OF COMPLETION CODE: 
NR - NO RECOVERY OF DATA FOR CLASSIFYING 

PARAMETER VALUE INDICATOR (PVI): < - LESS THAN DETECTION. LIMIT 

OTHER PARAMETER VALUE FLAGS: 
# - THE DATA HAS NOT. YET UNDERGONE QUALITY CONTROL TESTS • 

UNITS OF PARAMETER 
MEASURE PVI VALUE FLAGS 

MG/L o.m 
0.023 
0.014 
0.046 
0.22 
0.268 
0.297 
0.212 
0.358 
0.434 
0.230 # 
0.020 
0.021 
0.022 # 
0.234 

MG/L 0.460 
0.538 
0.021 
0.367 
0.228 # 
0.024 # 

MG/L 0.04 
0.05 
0.036 
0.02 

< 0.01 
0.027 
0.07 
0.08 
0.02 

< 0.01 
0.01 
0.02 
0.09 
0.04 

< 0.01 
0.033 
0.02 
0.03 

FLOW RELATIONSHIP CODE: 
N - UNKNOWN 

SAMPLE ID CODES: 
0001 - FILTERED SAMPLE (.45 MICRONS) 
N001 - UNFILTERED SAMPLE 

• 

DETECTION 
LIMIT 

0.001 
0.001 
0.001 
0.001 
0.003 
0.003 
0.001 
0.001 
0.0003 
0.001 
0.001 
0.003 
0.001 
0.001 
0.003 

0.003 
0.003 
0.003 
0.003 
0.001 
0.001 

0.01 
0.01 
0.0051 
0.01 
0.01 
0.0051 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.0051 
0.01 
0.01 

PARAMETER 
UNCERTAINTY 

--
--
--
-
-
----. . 
. 
. 
-
--
--
-
--
-
-
--
--
--
--
-
-
--
-

• 
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TABLE D.7.8 • SEEP WATER QUALITY DATA BY PARAMETER: GYPSUM CREEK SEEPS 
SITE: HAT01 MEXICAN HAT . 
06/01/88 TO 11/18/92 : 
REPORT DATE: 02/18/93. 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOij DATE ID COMP REL. 

VANADIUM 0923 04/25/91 0001 NR ·N 
0924 08/30/88 0001 NR . N: 

VANADIUM (TOTAL) 0248 04/23/90 N001 NR N 
0248 06/25/90 N001 NR N 
0261 06/25/90 N001 NR N 
0922 06/25/90 N001 NR N 

< 

ZINC 0248 10/03/90 0001 NR 
0248 04/25/91 0001 NR 
0248 08/24/91 0001 NR 
0248 12/13/91 0001 NR 
0253 05/10/91 0001 NR 
0253 08/25/91 0001 NR 
0254 10/03/90 0001 NR 
0254 05/10/91 0001 NR 
0261 10/03/90 0001 NR 
0261 05/11!91 0001 NR 
0261 12!14/91 0001 NR 
0922 06/01!88 0001 NR 
0922 08/30/88 0001 NR 
0922 10/03/90 0001 NR 
0922 04/25/91 0001 NR 
0922 08/24/91 0001 NR 
0922 12/14/91 0001 NR 
0923 06/01/88 0001 NR 
0923 04/25/91 0001 NR 
0924 08/30/88 0001 NR 

ZINC (TOTAL) 0248 04/23/90 N001 NR N 
0248 06/25/90 N001 NR N 
0261 06/25/90 N001 NR N 
0922 06/25/90 N001 NR N 

FORMATION OF COMPLETION CODE: 
NR • NO RECOVERY OF DATA FOR CLASSIFYING 

PARAMETER VALUE INDICATOR CPVI): < • LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
I • INCREASED DETECTION LIMIT DUE TO REQUIRED DILUTION 
c • CHANGED DETECTION LIMIT 

DATA FILE NAME: M:\DART\HAT01\GWQ10006.DAT 

UNITS OF PARAMETER 
MEASURE fVI VALUE FLAGS 

MG/L 0.05 
0.09 

MG/L 0.04 
0.06 
0.05 
0.05 

MG/L < 0.01 lc 
< 0.03 I 

0.0082 
< 0.005 
< 0.005 

0.051 
.< 0.05 lc 

0.009 
< 0.005 

0.006 
< 0.005 

0.020 
< 0.005 
< 0.03 lc 
< 0.03 I 

0.012 
< 0.01 I 
< 0.005 
< 0.03 I 
< 0.005 

MG/L 0.022 
0.090 
0.120 
0.061 

FLOW RELATIONSHIP CODE: 
N • UNKNOWN 

SAMPLE ID CODES: 
0001 • FILTERED SAMPLE (.45 MICRONS) 
N001 • UNFILTERED SAMPLE 

DETECTION 
LIMIT 

0.01 
0.01 

0.01 
0.01 
0.01 
0.01 

0.01 
0.03 
0.0026 
0.005 
0.005 
0.0026 
0.05 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.03 
0.03 
0.0026 
0.01 
0.005 
0.03 
0.005 

0.005 
0.005 
0.005 
0.005 

• 
PARAMETER 

UNCERTAINTY 

--
-
--
-
--
----
--
--
-
-
--
--
--
--
-
-
-
-



Table 0.7.9 Sulfur and oxygen isotope data for sulfate minerals and 
dissolved sulfate in seeps and tailings pore fluids at 
the Mexican Hat site, Utah 

Fluid samples: 

San Juan River 
Lysimeter 241 
Lysimeter 242 
Lysimeter 243 
Lysimeter 244 
North Arroyo Seep SP-1 (251) 
North Arroyo Seep SP-2 (249) 
Gypsum Creek Seep GS-1 (248) 

·Gypsum Creek Seep 922 
Honaker Trail Monitor Well 930 
Gypsum Creek Seep 924 

Solid Samples: 

Bedded Gypsum in West Wall of 
Gypsum Creek (across from 262) 

.Gypsum Creek Efflorescence in West 
Wall (across from 262) 

Gypsum Creek Dry Seep (262) 
Gypsum Creek Seep GS-1 (248) 

Note: 

-2.6 
5.8 
7.8 
8.1 
6.7 
5.7 
6.8 
9.9 

10.5 
15.1 
10.0 

14.6 

11.3 
5.3 

11.3 

(l8Qjl
6
Q) sample - (1SQjl

6
Q) standard 

( taopllo) 
standard 

X 1000 

d34S standard = .Canyon Di ab 1 o Troi 1 ite 

d180 standard = Standard Mean Ocean Water 

D-308 

5.7 
3.0 
2.2 
4.9 
3.0 

10.6 
5.2 

11.0 

14.7 

10.2 
3.4 

11.4 

• 

• 

• 
-·------ ------------------------------------
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Table 0.7.10 Hydrogen and oxygen isotope data for selected water samples 
in the vicinity of Mexican Hat site, Utah 

dO d180 

C± 0 .3°/0o) (± 0.8°/oo) 

Fluid samples: 

San Juan River -87 -11.8 
Lysimeter 241 -88 -12.0 
Lysimeter 242 -88 -12.7 
Lysimeter 243 -91 -12.4 
Lysimeter 244 -86 -11.6 
SP-1 -86 -11.7 
SP-2 -87 -10.9 
SP-2 -86 -10.9 

Notes: 

dO = (
2HflH) - (2HflH) 

sample standard X 1000 
(2HJlH) standard 

( 1BQjl6Q) _ (1BQjl6Q) 
sample standard X 1000 
peopso) standard 

dO st~ndard and d180 standard = Standard Mean Ocean Water 

0-309 



Table 0.7.11 Rate schedule for water users of the Halchita water 
supply system 

Quantity per month (gallons) 

First 3000 
More than 3000 

Cost 
(per 1000 gallons) 

$1.50 
2.45 

Ref. Nelson, 1985. 

D-310 
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• 
NORTH EAST GROUND 

LOCATION COORDINATE COORDINATE ELEVATION 
ID CFT> (FT) (FT MSL) 

0601 54980.4 88017.7 4881.51 
0602 563n.4 88661.2 4861.53 
0603 57812.7 89036.9 4846.64 
0604 58397 .o 89424.6 4837.30 
0605 58707.6 90066.7 4831.42 
0606 59034.2 88634.0 4860.44 
0607 59657.2 87519.2 4869.41 
0608 58685.7 87189.4 4901.08 
0609 59052.1 87652.9 4878.30 
0610 56338.8 88611.6 4860.83 
0611 57811.0 89017.5 4846.35 
0612 58437.2 85614.8 5000.09 
0613 563n.8 88643.7 4860.81 
0614 60940.5 87832.6 4854.28 
0615 57794.4 88980.7 4847.50 
0616 56747.3 87987.6 4869.00 
0617 52090.6 87094.4 4907.96 
0618 58868.3 87016.1 4920.00 
0619 58876.5 87587.9 4886.52 
0625 582n.5 89803.1 4838.80 
0650 64970.2 89923.8 4790.15 
0651 63788.9 92734.3 4781.46 
0652 62581.5 93759.3 4800.69 
0653 61249.3 89596.3 4832.14 
0654 59351.4 91063.4 4824.41 
0655 59754.6 88624.1 4857.73 
0656 59545.2 89175.1 4852.07 
0657 59266.0 87596.5 4881.18 
0658 54763.4 . 88857.0 4876.19 
0659 59069.8 88670.3 4860.84 
0660 61303.4 89584.3 4831.38 
0661 56366.1 85447.7 5057.34 
0662· 59236.5 875n.5 48n.o7 
0663 59069.6 88593.5 4861.56 
0664 61255.9 89537.0' 4832.84 
0668 60171.4 88287.0 4864.27 
0669 60146.3 88247.8 4863.19 

* DEPTH GIVEN IN FEET BELOW GROUND SURFACE 

FORMATION OF COMPLETION CODE: 
SR - SHINARUMP MEMBER OF THE CHINLE FORMATION 
AL - ALLUVIUM . 
DC - DECHELLEY MEMBER OF THE CUTLER FORMATION 

- DATA FILE: M:\DART\MON01\MWI10000.DAT 

• TABLE D.7.12 - MONITOR WELL INFORMATION 
SITE: MON01 MONUMENT VALLEY 
REPORT.DATE: 02/10/93 

BOREHOLE CASING CASING CASING CASING + 
DEPTH STICKUP ELEVATION DEPTH DIAMETER 
(FT) * (FT) (FT MSL) (FT) * (INCHES) 

24.00 2.92 4884.43 27.00 2.000 
35.00 2.49 4864.02 34.00 2.000 
55.00 1.92 4848.56 57.00 2.000 
30.00 1.79 4839.09 32.00 2.000 
32.00 2.54 4833.96 34.00 2.000 
47.00 2.87 _4863.31 50.00 2.000 
30.00 1.85 4871.26 30.00 2.000 

120.00 2.03 4903.11 122.00 2.000 
15.00 1.87 4880.17 16.00 2.000 
87.00 0.98 4861.81 87.00 2.000 

185.00 2.00 4848.35 185.00 2.000 
215.00 1.65 5001.74 217.50 2.000 
160.00 2.01 4862.82 162.00 2.000 
84.50 1.38 4855.66 n.oo 2.000 
89.00 1.79 4849.29 100.00 2.000 
- 0.92 4869.92 8.00 -- 1.00 4908.96 - -

153.00 1.02 4921.02 153.00 12.000 
154.00 0.90 4887.42 154.00 12.000 
89.00 1.29 4840.09 89.00 12.000 
99.50 3.14 4793.29 102.50 4.000 
82.00 3.05 4784.51 85.00 4.000 
56.00 3.15 4803.84 59.00 4.000 
78.00 2.80 4834.94 80.00 4.000 
79.00 2.60 4827.01 82.00 4.000 
60.00 2.66 4860.39 63.00 4.000 
62.00 2.54 4854.61 65.00 4.000 

138.00 2.03 4883.21 141.00 4.000 
165.00 2.63 4878.82 160.00 4.000 
109.00 2.79 4863.63 112.00 4.000 
155.00 2.78 4834.16 158.00 4.000 
218.00 2.65 5059.99 215.00 4.000 
70.00 2.74 4879.81 73.00 4.000 

217.00 2.85 4864.41 222.00 4.000 
233.00 2.92 4835.76 236.00 4.000 
218.00 2.44 4866.71 217.50 4.000 
56.00 2.59 4865.78 59.00 4.000 

SCREEN * SCREEN 
BEGINNING LENGTH FLO\I 

DEPTH (FT) (FT) CODE 

15.00 10.0 u 
22.00 10.0 N 
45.00 10.0 c 
15.00 15.0 c 
17.00 15.0 D 
35.00 10.0 D 
12.50 10.0 D 

100.00 20.0 0 
9.00 5.0 0 

65.00 20.0 N 
155.00 20.0 N 
170.00 20.0 N 
140.00 20.0 N 
50.00 20.0 D 
68.00 20.0 c 
- - N 
- - N . . 0 . - 0 
- - c 

80.50 20.0 D 
23.00 60.0 D 
37.00 20.0 D 
58.00 20.0 D 
60.00 20.0 c 
41.00 20.0 D 
43.00 20.0 D 

124.00 15.0 0 
138.00 20.0 . N 
90.00 20.0 D 

136.00 20.0 D 
193.00 20.0 N 
41.00 30.0 D 

180.00 40.0 D 
214.00 20.0 D 
182.50 20.0 D 
37.00 20.0 D 

+ CASING DIAMETER = INSIDE DIAMETER 

FLOW RELATIONSHIP CODE: 
U - UPGRADIENT 
N - UNKNOWN 
C - CROSS GRADIENT 
D • DO\IN GRADIENT 
0 • ON·SITE 

FIELDS DISPLAYED WITH A DASH INDICATE THE DATA IS UNAVAILABLE 

• 
FORMATION 

OF 
COMPLETION 

SR 
AL 
AL 
AL 
AL 
AL 
SR 
DC 
SR 
SR 
DC 
DC 
DC 
SR 
SR 
AL 
AL 
DC 
DC 
DC 
AL 
AL 
AL 
AL 
AL 
AL 
AL 
DC 
SR 
SR 
SR 
DC 
AL 
DC 
DC 
DC 
AL 



Table D.7.13 Summary of hydraulic conductivities calculated 
from slug tests and one aquifer test • Hydraulic conductivity (K) - ft/sec 

Bouwer- Ferris- Mean 
Well ID Formation Rice Hvorslev Knowles CBP K 

601 SR 5.5E-6 5.5E-6 
602 AL 4.3E-6 3.3E-6 3.8E-6 
604 AL 1.7E-5 1. 7E-5 
605 AL 3.6E-5 4.6E-5 4.1E-5 
610 DC 2.2E-6 2.7E-6 9.5E-7 3.1E-6 2.2E-6 
612 DC 1.8E-6 2.9E-6 2.4E-6 
65111 AL 2.2E-4 
653 AL 3.3E-5 4.5E-5 3.9E-5 
655 AL 3.9E-6 4.6E-6 4.3E-6 
656 AL 2.8E-5 3.2E-5 3.0E-5 
657 DC 1.1E-6 4.1E-6 2.6E-6 
658 SR 1.4E-5 4.9E-6 2.3E-5 1.4E-5 
659 SR 1.2E~5 4.5E-6 2.1E-5 1.3E-5 
660 SR 9.4E-5 7.2E-5 8.3E-5 

- 661 DC 2.1E-6 2.1E-6 
~.a . 

662 AL 2.0E-5 2.9E-5 2.5E-5 • 663" DC 2.1E-7 3.2E-7 2.7E-7 
664 DC 3.2E-5 6.0E-6 1.9E-5 
668 DC 4.4E-7 1.7E-6 l.lE-6 
669 AL 5.4E-6 9.5E-6 7.5E-6 

AL - Alluvium. 
DC - DeChelly member of the Cutler Formation. 
SR - Shinarump member of the Cutler Formation. 
CBP - Cooper-Bredehoeft-Papadopulos method. 

11Aqui fer test. 

• D-312 
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• • TABLE D.7.14 ·GROUNDWATER QUALITY STATISTICS BY PARAMETER: UPGRADIENT, 
ALLUVIUM MONITOR WELL 602 
SITE: MON01 MONUMENT VALLEY 
04/1B/85 TO 11/22/92 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF~'' :x OF STATISTICAL RANGE 
STANDARD OF NON 98% CONFIDENCE INTERVAL 

# OF SAMPI. MINIMUM I MAXIMUM 1 MEDIAN I MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

ALKALINITY I MG/L CAC031 

1 I 202.00001 219.00001 216.00001 212.5714 1.o6n 0.0332 0.0 204.1154 220.9674 

ALUMINUM I MG/L I 
5 I·· o.o5ool 0.70001 o.o5ool NA NA NA 60.0 ** 0.0500 0.7000 

AMMONIUM I MG/L J 
6 lu o.1oool•• 0.10001** 0.10001 NA NA NA 100.0 ** 0.1000 ** 0.1000 

ANTIMONY I MG/L I 
5 I·· 0.00301 0.00401** 0.00301 NA NA NA 80.0 ** 0.0030 0.0040 

ARSENIC I MG/L I 
6 J·· 0.01001** 0.01001** o.o1ool NA NA NA 100.0 ** 0.0100 ** 0.0100 

BARIUM I MG/L I 
5 

I o.o5ool 0.30001 o.o5ool NA NA NA 40.0 0.0500 0.3000 

BERYLLIUM I MG/L I 
2 I·· o.oo5ol o.oo5ol•• o.oo5ol NA NA NA 100.0 NA NA 

BORON I MG/L I 
4 I·· o.o5ool 0.80001+ 0.12501 NA NA NA 50.0 ** 0.0500 0.8000 

BROMIDE I MG/L I 
2 I . 0.20001 1.ooool+ .0.60001 NA NA NA 50.0 NA NA 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2> The nonparametric distribution was used because the nondetected values comprise more than 15% of the samples. 

DISTRIBUTION 
TYPE 

NORMAL 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

UNKNOWN 

NONPARAMETRIC 

UNKNOWN 

FOOT 
NOTE 

2,5 

2,6 

2,5 

2,6 

2,5 

1 

2,4 

1 

4) The stat. range is the 87.5% confidence interval due to a sample size of 4. The maximum is the 93.8% one sided confidence Int. 
5) The stat. range is the 93.8% confidence interval due to a sample size of 5. The maximum is the 96.9% one sided confidence Int. 
6) The stat. range is the 96.9% confidence interval due to a sample size of 6. The maximum is the 98.5% one sided confidence Int. 

• 
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TABLE D.7.14 · GROUNDWATER QUALITY STATISTICS BY PARAMETER: UPGRADIENT, 
ALLUVIUM MONITOR WELL 602 
SITE: MON0.1 MONUMENT VALLEY 
04/18/85 TO 11/22/92 . 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I 
COEFF. X OF STATISTICAL RANGE 

# OF SAHPI MINIMUM 
I MAXIMUM I I 

STANDARD OF NON 98X CONFIDENCE INTERVAL 
MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

CADMIUM I MG/L I 

6 I•• 0.00051 0.00501+ o.ooo51 NA NA NA 83.3 ** 0.0005 0.0050 

CALCIUM I MG/L I 

6 
I 

27.40001 29.40001+ 28.30001 28.3500 0.6745 0.0238 0.0 27.4234 29.2766 

CHLORIDE I MG/L I 

6 
I 

15.00001 17.00001+ 15.25001 15.5667 0.7916 0.0509 0.0 14.4792 16.6542 

CHROMIUM I MG/L I 
5 

I·· 0.01001 0.02001** 0.01001 NA NA NA 80.0 ** 0.0100 0.0200 

COBALT T MG/L I 

4 , .. 0.03001•• 0.03001** 0.03001 NA NA NA 100.0 ** 0.0300 ** 0.0300 

COPPER I MG/L I 

4 I·· 0.01001 0.01001+ 0.01001 NA NA NA 100.0 ** 0.0100 0.0100 

CYANIDE I MG/L I 

3 
I·· 0.01001** o.o1ooj•• o.o1ooJ NA NA NA 100.0 NA NA 

DISSOLVED OXYGEN I MG/L I 

1 
I 

2.20001 2.20001 2.20001 NA NA NA 0.0 NA NA 

FLUORIDE I MG/L I 

4 
I 

0.10001 0.40001+ 0.25001 0.2500 0.1291 0.5164 0.0 ** 0.1000 0.5431 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum Is the 99 percent one sided confidence Interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametrfc distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

NONPARAHETRIC 

NORMAL 

NORMAL 

NONPARAHETRIC 

NONPARAHETRIC 

NONPARAHETRIC 

UNKNOWN 

UNKNOWN 

NORMAL 

FOOT 
NOTE 

2,6 

2,5 

2,4 

2,4 

1 

1 

4) The stat. range is the 87.5X confidence interval due to a sample size of 4. The maximum is the 93.8X one sided confidence Int. 
5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9X one sided confidence Int. 
6) The stat. range is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence Int • 
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• •• TABLE D.7.14 ·GROUNDWATER QUALITY STATISTICS BY PARAMETER: UPGRADIENT, 
ALLUVIUM MONITOR WELL 602 
SITE: MON01: MONUMENT VALLEY 
04/18/85 TO 11/22/92 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I 
COEFF. • lX OF STATISTICAL RANGE 

STANDARD OF NON 98X CONFIDENCE INTERVAL 
# OF SAMPI MINIMUM 

I MAXIMUM I MEDIAN I MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

GROSS ALPHA I PCI/L J 
5 I 0.40001 11.20001 7.60001 6.2800 4.1913 0.6674 0.0 ** 0.2000 13.3034 

GROSS BETA I PCI/L I 
5 I·· o.5oool 2o.ooool 3.10001 NA NA NA 0.0 ** 0.5000 20.0000 

IRON I MG/L I 
5 I·· 0.03001 o.o8ool•• 0.03001 NA NA NA 80.0 ** 0.0300 0.0800 

LEAD I MG/L I 
4 I·· o.oo5ol o.oo5ol• o.oo5ol NA NA NA 100.0 ** 0.0050 0.0050 

LEAD-210 I PCI/L I 
2 I·· 1.50001 5.80001+ 3.5oooj NA NA NA 0.0 NA NA 

MAGNESIUM I MG/L I 
6 

I 17.90001 19.50001+ 18.30001 18.5667 0.7146 0.0385 0.0 17.5850 19.5484 

MANGANESE I MG/L J 
5 I·· 0.01001 o.o2oo1•• 0.01001 NA NA NA 80.0 ** 0.0100 0.0200 

MERCURY I MG/L I 
3 I·· o.ooo21•• o.ooo21•• o.ooo2l NA NA NA 100.0 NA NA 

MOLYBDENUM I MG/L I 
6 I·· 0.01001 o.nool•• 0.01001 NA NA NA 66.7 ** 0.0100 0.1100 

**The reported value is the minimum detection limit of the data set 
+ The sample size Is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence Interval, « = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

NORMAL 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

UNKNOWN 

NORMAL 

NONPARAMETRIC 

UNKNOWN 

NONPARAMETRIC 

FOOT 
NOTE 

9,5 

2,5 

2,4 

.1 

2,5 

1 

2,6 

4) The stat. range Is the 87.5X confidence· Interval due to a sample size of 4. The maximum Is the 93.8X one sided confidence int. 
5) The stat. range is the 93.8X confidence Interval due to a sample size of 5. The maximum is the 96.9X one sided confidence Int. 
6) The stat. range is the 96.9X confidence Interval due to a sample size of 6. The maximum Is the 98.5X one sided confidence Int. 
9) The nonparametic distribution was used because the data failed the normal distribution test and includes values ~0. 
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TABLE D.7.14- GROUNDWATER QUALITY STATISTICS BY PARAMETER: UPGRADIENT, 

PARAMETER NAME I UNITS 

# OF SAMP I MINIMUM I MAXIMUM I MEDIAN I 
NET GROSS ALPHA *** I PCI/L 

5 
I 

0.06001 7.nool 5.28001 
' 

I MG/L NICKEL 

4 I·· 0.04001 0.13001** 0.04001 

NITRATE I MG/L 

6 
I 

2.70001 8.86001+ 7.70001 

NITRITE I MG/L 

2 
I·· 0.10001 0.99001+ 0.52001 

NITRITE AND NITRATE I MG/L 

2 
I 

1.68001 2.30001+ 1.99001 

PH lsu 
7 

I 
7.50001 8.01001 7.83ooJ 

PHOSPHATE I MG/L 

3 , .. 0.10001 0.60001** 0.10001 

POLONIUM-210 I PCI/L 

2 I·· 1.00001** 1.00001** 1.00001 

POTASSIUM I MG/L 

6 
I 

1.80001 2.19001+ 2;01501 

ALLUVIUM MONITOR WELL 602 
SITE: MON01 MONUMEN~ VALLEY 
04/18/85 TO 11!22!92 '. 
REPORT DATE: 02/10/93 

I COEFF • 
STANDARD OF 

MEAN DEVIATION VARIATION 

I 
4.ono 3.1429 o.n18 

I 
NA NA NA 

I 

6.5767 2.5458 0.3871 

I 

NA NA NA 

I 

NA NA NA 

I 
NA NA NA 

J 
NA NA NA 

I 

NA NA NA 

I 

2.0150 0.1638 0.0813 

*** NET GROSS ALPHA (GROSS ALPHA • URANIUM) WITH 1 MG URANIUM = 686 PCI 
**The reported value is the minimum detection limit of the data set . 

.. 

X OF STATISTICAL RANGE 
NON 98X CONFIDENCE INTERVAL 

DETECTS MINIMUM MAXIMUM * 

0.0 -1.1945 9.3385 

75.0 ** 0.0400 0.1300 

o.o 3.0794 10.0739 

50.0 NA NA 

0.0 NA NA 

0.0 NA NA 

66.7 NA NA 

50.0 NA NA 

0.0 1.7900 2.2400 

+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
1> A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X· of the samples. 

DISTRIBUTION 
TYPE 

NORMAL 

NONPARAMETRIC 

NORMAL 

UNKNOWN 

UNKNOWN 

UNKNOWN 

UNKNOWN 

UNKNOWN 

NORMAL 

FOOT 
NOTE 

2,4 

1 

1 

1 

1 

4) The stat. range is the 87.5X confidence interval due to a sample size of 4. The maximum is the 93.8X one sided confidence int • 
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• • TABLE D.7.14 • GROUNDWATER QUALITY STATISTICS BY PARAMETER: UPGRADIENT, 
ALLUVIUM MONITOR WELL 602 . 
SITE: MON01 ;MONUMENT VALLEY 
04/18/85 TO 11/22/92 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I 
COEFF. X OF STATISTICAL RANGE 

#OF SAMPI MINIMUM 1 MAXIMUM I 
I 

STANDARD OF NON 98X CONFIDENCE INTERVAL 
MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

RADIUM-226 I PCI/L I 

5 I•• 0.70001 1.00001 0.70001** 0.7000 0.2387 0.3511 0.0 ** 0.7000 1.0801 ,, 

RADIUM-226 + RADIUM-228 I PCI/L 
I 

5 
I 0.60001 2.20001 1.00001 1.1000 0.6403 0.5821 0.0 0.0270 2.1130 

RADIUM-228 I PCI/L I 

5 I·· 1.00001 1.20001** 1.00001 NA NA NA 20.0 ** 1.0000 1.2000 

REDOX POTENTIAL I mVOLTS 
I 

1 
I 

458.00001 458.00001 458.00001 NA NA NA 0.0 NA NA 

SELENIUM I MG/L I 

5 I•• 0.00501 0.00601** o.oo5ol NA NA NA 60.0 ** 0.0050 0.0060 

SILICA - SI02 I MG/L I 
4 

I 
10.00001 14.00001+ 13.30001 12.6500 1.8138 0.1434 0.0 8.5317 16.7683 

SILVER I MG/L I 

4 I•• 0.01001** 0.01001** 0.01001 NA NA NA 100.0 ** 0.0100 ** 0.0100 

SODIUM I MG/L I 
6 

I 
93.40001 112.00001+ 103.00001 102.9667 7.1905 0.0698 0.0 93.0887 112.8446 

SPECIFIC CONDUCTANCE I UMHO/CM 
I 

1 
I 

460.00001 122.00001 568.00001 515.0000 103.3263 0.1797 0.0 452.2543 697.7457 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

NORMAL 

NORMAL 

NONPARAMETRIC 

UNKNOWN 

NONPARAMETRIC 

NORMAL 

NONPARAMETRIC 

NORMAL 

NORMAL 

FOOT 
NOTE 

2,5 

1 

2,5 

2,4 

4) The stat. range is the 87.5X confidence interval due to a. sample size of 4. The maximum is the 93.8X one sided confidence int. 
5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9X one sided confidence int. 
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TABLE D.7.14 - GROUNDWATER QUALITY STATISTICS BY PARAMETER: UPGRADIENT, 
ALLUVIUM MONITOR WELL 602 
SITE: MON01 MONUMENT VALLEY 
04/18/85 ·TO 11/22/92 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. X OF STATISTICAL RANGE 

tl OF SAMPI I MAXIMUM I I 

STANDARD OF NON 98X CONFIDENCE INTERVAL 
MINIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

STRONTIUM I MG/L I 
4 

I o.o5ool 0.28001+ 0.16001 NA NA NA 50.0 0.0500 0.2800 

SULFATE I MG/L I 
6 

I 110.00001 164.00001+ 137.50001 137.5000 18.4689 0.1343 0.0 112.1283 162.8717 

SULFIDE I MG/L I 
3 1** 0.10001** 0.10001** 0.10001 NA NA NA 100.0 NA NA 

TEMPERATURE I c - DEGREE! 

7 I 13.50001 17.00001 14.80001 15.1143 1.3247 0.0876 0.0 13.5406 16.6879 

THALLIUM I MG/L I 
2 I** 0.01001** 0.01001** 0.01001 NA NA NA 100.0 NA NA 

THORIUM-230 I PCI/L I 
3 I·· 1.ooool 6.30001 1.oooo 1 NA NA NA 33.3 NA NA 

TIN I MG/L I 
4 I** o.oo5ol 0.00501** o.oo5ol NA NA NA 100.0 ** 0.0050 0.0050 

TOTAL DISSOLVED SOLIDS I MG/L I 
6 

I 420.00001 449.00001+ 438.50001 437.1667 10.0283 0.0229 0.0 423.3902 450.9431 

TOTAL ORGANIC CARBON I MG/L I 
5 I** 1.00001 61.20001 . 1.30001 NA NA NA 40.0 ** 1.0000 61.2000 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

NONPARAMETRIC 

NORMAL 

UNKNOWN 

NORMAL 

UNKNOWN 

UNKNOWN 

NONPARAMETRIC 

NORMAL 

NONPARAMETRIC 

FOOT 
NOTE 

2,4 

1 

1 

1 

2,4 

2,5 

4) The stat. range is the 87.5X confidence interval due to a sample size of 4. The maximum is the 93.8X one sided confidence int. 
5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9X one sided confidence Int • 
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TABLE D.7.14 ·GROUNDWATER QUALITY STATISTICS BY PARAMETER: UPGRADIENT, 
ALLUVIUM MONITOR WELL 602 
SITE: MON01 MONUMENT VALLEY 
04/1B/85 TO 1-1/22/92 I. 

REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I 
COEFF. i " OF STATISTICAL RANGE 

STANDARD OF NON 98" CONFIDENCE INTERVAL 
# OF SAMPI MINIMUM. I MAXIMUM I MEDIAN I MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

TOTAL ORGANIC HALOGENS I MG/L I 
1 I·· 0.00301** 0.00301** 0.00301 NA NA NA 100.0 NA NA 

URANIUM I MG/L I ;i 

6 I·· 0.00101 0.00501+ 0.00341 NA NA NA 16.7 ** 0.0010 0.0050 

VANADIUM I MG/L I 
5 I·· 0.01001 0.70001** 0.01001 NA NA NA 80.0 ** 0.0100 0.7000 

ZINC I.MG/L I 
5 I·· o.oo5ol 0.03001** o.oo5ol NA NA NA 80.0 ** 0.0050 0.0300 

**The reported value is the minimum detection limit of the data set 
+ The sample size. is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum fs the 99 percent one sided confidence interval, « = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2> The nonparametric distribution was used because the nondetected values comprise more than 15" of the samples. 

DISTRIBUTION 
TYPE 

UNKNOWN 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

FOOT 
NOTE 

1 

2,6 

2,5 

2,5 

5) The stat. range is the 93.8" confidence interval due to a sample size of 5. .The maximum is the 96.9X one sided confidence Int. 
6) The stat. range is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5" one sided confidence fnt. 

INPUT DATA FILENAME: M:\DART\MON01\GWQ10008.DAT 
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TABLE D.7.15- GROUNDWATER QUALITY STATISTICS BY PARAMETER: UPGRADIENT, 
SHINARUMP MONITOR WELLS (601, 610, AND 658) 
SITE: MON01 MONUMENT ·VALLEY 
04/18/85 TO 11!22!92 
REPORT DATE: 02/10/93 

PARAMETER NAME J UNITS J COEFF. X OF STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

# OF SAMPI MINIMUM I MAXIMUM I MEDIAN I MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

ALKALINITY I MG/L CAC031 

8 
I 202.00001 280.00001+ 214.50001 225.0000 27.1924 0.1209 0.0 196.1m 253.8227 

ALUMINUM I MG/L I 
8 I·· o.o5ool 0.80001+ 0.25001 0.3369 0.2822 0.8378 12.5 ** 0.0500 0.6360 

AMMONIUM I MG/L I 
8 I·· 0.10001 0.26001** 0.10001 NA NA NA 75.0 ** 0.1000 0.2600 

ANTIMONY I MG/L I 
7 I·· 0.00301 0.00501 0.00301 NA NA NA 42.9 ** 0.0030 0.0050 

ARSENIC I MG/L I 
8 I·· 0.01001** 0.01001** 0.01001 • NA NA NA 100.0 ** 0.0100 ** 0.0100 

BARIUM I MG/L I 
7 

I 0.04001 0.20001 o.o5ool NA NA NA 42.9 0.0400 0.2000 

BERYLLIUM I MG/L I 
1 I·· o.oo5ol•• o.oo5ol•• o.oo5ol NA NA NA 100.0 NA NA 

BORON I MG/L I 
7 . I o.o5ool 0.40001 0.30001 0.2429 0.1694 0.6975 14.3 ** 0.0500 0.4441 

BROMIDE I MG/L I 
3 I·· 0.10001 1.00001 1.00001 NA NA NA 100.0 NA NA 

CADMIUM I MGiL I 
8 I·· 0.00051 0.00051+ o.ooo51 NA NA NA 100.0 ** 0.0005 0.0005 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, ~ = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples • 

• 

DISTRIBUTION 
TYPE 

NORMAL 

NORMAL 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

UNKNOWN 

NORMAL 

UNKNOWN 

NONPARAMETRIC 

FOOT 
NOTE 

2 

2 

2 

2 

1 

1 

2 
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• • TABLE D.7.15 ·GROUNDWATER QUALITY STATISTICS BY PARAMETER: UPGRADIENT, 
SHINARUMP MONITOR WELLS (601, 610, AND 658) 
SITEi,MON01 MONUMENT VALLEY 
04/1S/85 TO 11/22/92 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I 
COEFF. X OF STATISTICAL RANGE 

STANDARD OF NON 98X CONFIDENCE INTERVAL 
#.OF SAMPI MINIMUM I MAXIMUM I MEDIAN I MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

CALCIUM I MG/L I 
8 

I 
3.00001 29.90001+ 26.70001 21.0138 11.4095 0.5430 o.o 8.9203 33.10n 

CHLORIDE I MG/l I 
8 

I 
7.00001 15.20001+ 13.50001 12.4125 3.1050 0.2502 0.0 9.1213 15.7037 

CHROMIUM I MG/L I 
8 I·· 0.01001 0.0400l+ 0.01251 NA NA NA 50.0 ** 0.0100 0.0400 

COBALT I MG/L J 
7 I·· 0.03001 0.06001** 0.03001 NA NA NA 85.7 ** 0.0300 0.0600 

COPPER I MG/L I 
6 I·· 0.01001 0.01001+ 0.01001 NA NA NA 100.0 ** 0.0100 0.0100 

CYANIDE J MG/L _I 

5 I·· 0.01001** 0.01001** 0.01001 NA NA NA 100.0 ** 0.0100 ** 0.0100 

DISSOLVED OXYGEN I MG/L I 
1 I 0.70001 0.7000l 0.70001 NA NA NA 0.0 NA NA 

FLUORIDE I MG/L I 
6 I 0.20001 0.80001+ 0.35001 0.4167 0.2563 0.6150 0.0 ** 0.1000 0.7687 

GROSS ALPHA I PCI/L I 
8 I·· 0.20001 22.00001+ 2.30001 NA NA . NA 0.0 ** 0.2000 22.0000 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution. was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

NORMAL 

NORMAL 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

UNKNOWN 

NORMAL 

NONPARAMETRIC 

FOOT 
NOTE 

2 

2 

2,6 

2,5 

1 

9 

5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9% one sided confidence Int. 
6) The stat. range is the 96.9% confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence Int. 
9) The nonparametic distribution was used because the data failed the normal distribution test and includes values ~0. 
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TABLE D.7.15 · GROUNDWATER QUALITY STATISTICS BY,PARAMETER: UPGRADIENT, 
SHINARUMP MONITOR WELLS (601, 610, AND 658) 
SITE: MON01 MONUMENT'VALLEY 
04/18/85 ·ro 11!22192 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I 
COEFF. X OF STATISTICAL RANGE 

STANDARD OF NON 98% CONFIDENCE INTERVAL 
# OF SAMPI MINIMUM I MAXIMUM I MEDIAN I MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

GROSS BETA I PCI/L I 
8 

I 1.60001 11.00001+ 3.80001 4.8000 3.2706 0.6814 0.0 1.3333 8.2667 

IRON I MG/L I 
8 I·· 0.03001 0.33001+ 0.06001 NA NA NA 37.5 ** 0.0300 0.3300 

LEAD I MG/L I 
7 I·· 0.00501 0.00501 0.00501 NA NA NA 100.0 ** Q.0050 0.0050 

LEAD·210 I PCI/L I 
5 I·· 1.20001 3.70001** 1.20001** 1.2000 4.1783 NA 0.0 ** 1.2000 6.1084 

MAGNESIUM I MG/L I 
8 

I 1.68001 20.30001+ 18.00001 15.n25 5.8792 0.3739 0.0 9.4908 21.9542 

MANGANESE I MG/L I 
8 I·· 0.01001 0.1oooj+ 0.02001 NA NA NA 37.5 ** 0.0100 0.1000 

MERCURY I MG/L I 
5 I·· 0.00021** 0.00021** 0.00021 NA NA NA 100.0 ** 0.0002 ** 0.0002 

MOLYBDENUM I MG/L I 
8 I·· 0.01001 0.22001+ 0.06001 NA NA NA 37.5 ** 0.0100 0.2200 

NET GROSS ALPHA *** I PCI/L I 
8 I -3.52001 17.06001+ 1.06501 NA NA NA 0.0 -3.5200 17.0600 

*** NET GROSS ALPHA (GROSS ALPHA • URANIUM) WITH 1 MG URANIUM = 686 PCI 
**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

NORMAL 

NONPARAMETRIC 

NONPARAMETRIC 

LOGNORMAL 

NORMAL 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

FOOT 
NOTE 

2 

2 

7,8 

2 

2,5 

2 

9. 

5) The stat. range is the 93.8X confidence Interval due to a sample size of 5. The maximum is the 96.9X one sided confidence int. 
7) The lognOrmal distribution was used because the data failed the normal distribution test. 
8) The mean is geometric. The standard deviation is the value to divide or multiply with the geometric mean. 
9) The nonparametic distribution was used because the data failed the normal distribution test and includes values ~0 • 
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• TABLE D.7.15- GROUNDWATER QUALITY STATISTICS BY PARAMETER: UPGRADIENT, 

PARAMETER NAME 

SHINARUMP MONITOR WELLS (601, 610, AND 658) 
SITE: MON01 MONUMENT VALLEY 
04/18/85 TO 11/22/92 
REPORT DATE: 02/10/93 

COEFF. X OF STATISTICAL RANGE I UNITS I STANDARD OF 1NON 98X CONFIDENCE INTERVAL 
# OF SAMPI M.INIMUM I MAXIMUM I I MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

NICKEL I MG/L I 
7 I·· 0.04001 0.11001** 0.04001 NA NA NA 57.1 ** 0.0400 0.1100 

NITRATE I MG/L I 
8 I·· 1.ooool 13.29001+ 4.70001 5.2188 4.2585 0.8160 12.5 ** 1.0000 9.7325 

NITRITE . 
I MG/L I 

5 I·· . 0.10001 o.99ool•• 0.10001 NA NA NA 60.0 ** 0.1000 0.9900 

NITRITE AND NITRATE I MG/L I 
3 

I 1.22001 3.30001 2.30001 NA NA NA 0.0 NA NA 

PH 1 su I 
9 I 7.14001 8.40001 7.79001 NA NA NA 0.0 NA NA 

PHOSPHATE I MG/L I 
5 I·· 0.10001 0.30001 0.20001 NA NA NA 40.0 ** 0.1000. 0.3000 

POLONIUM-210 I PCI/L I 
5 I·· 1.oooo1•• 1.oooo1•• 1.00001 NA NA NA 60.0 ** 1.0000 ** 1.0000 

POTASSIUM ·I MG/L I 
8 I 0.93001 3.89001+ 2.07001 2.1338 0.8731 0.4092 0.0 1.2083 

RADIUM-226 I PCI/L I 
7 I·· 0.30001 8.6oool•• 0.30001 NA NA NA 0.0 ** 0.3000 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 

3.0592 

8.6000 

2) The nonparametric distribution was used because the nondetected values c~rise more than 15X of the san.,les. 

DISTRIBUTION 
TYPE 

NONPARAMETRIC 

NORMAL 

NONPARAMETRIC 

UNKNOWN 

UNKNOWN 

NONPARAMETRIC 

NONPARAMETRIC 

NORMAL 

NONPARAMETRIC 

FOOT 
NOTE 

2 

2,5 

1 

2,5 

2,5 

9 

5) The stat. range is the 93.8X confidence interval due to a san.,le size of 5. The maximum is the 96.9X one sided confidence int. 
9) The nonparametic distribution was used because the data failed the normal distribution test and includes values ~0. 
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TABLE D.7.15- GROUNDWATER QUALITY STATISTICS BY PARAMETER: UPGRADIENT, 
SHINARUMP MONITOR WELLS (601, 610, AND 658) 
SITE: MON01 MONUMENL VALLEY 
04/18/85' TO 11/22/92 . 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS 
I 

COEFF. X OF STATISTICAL RANGE 

# OF SAMPI MINIMUM l MAXIMUM I I 

STANDARD OF NON 98X CONFIDENCE INTERVAL 
MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

RADIUM-226 + RADIUM-228 . I PCI/L 
I 

1 
I 

0.10001 8.8oool 0.70001 0.9561 4.3815 NA o.o 0.1653 5.5299 

RADIUM-228 
.. 

I PCI/L I 
-

1 I·· 1.00001 1.30001** 1.00001 NA NA NA 14.3 ** 1.0000 1.3000 

REDOX POTENTIAL I mVOLTS I 

1 
I 

434.50001 434.50001 434.50001 NA NA NA 0.0 NA NA 

SELENIUM I MG/L I 

1 I·· o.oo5ol 0.00701** o.oo5ol NA NA NA 85.7 ** 0.0050 0.0070 

SILICA - SI02 I MG/L I 

6 
I 

9.00001 14.00001+ 10.50001 11.0000 2.0976 0.1907 0.0 8.1184 13.8816 

SILVER I MG/L I 
6 

I·· 0.01001** 0.01001** 0.01~01 NA NA NA 100.0 ** 0.0100 ** 0.0100 

SODIUM I MG/L 
I 

8 
I 

13.7oooj 119.00001+ 93.40001 94.8315 12.5933 0.1328 0.0 81.4892 108.1858 

SPECIFIC CONDUCTANCE I UMHO/CM J 
9 I 400.00001 150.00001 450.00001 520.1111 129.3111 0.2486 0.0 395.2828 644.9394 

STRONTIUM I MG/L I 
8 I 0.05001 0.28001+ 0.05001 NA NA NA 62.5 0.0500 0.2800 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the· two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 

DISTRIBUTION 
TYPE 

LOGNORMAL 

NONPARAMETRIC 

UNKNOWN 

NONPARAMETRIC 

NORMAL 

NONPARAMETRIC 

NORMAL 

NORMAL 

NONPARAMETRIC 

FOOT 
NOTE 

1,8 

9 

1 

2 

2,6 

2 

2> The nonparametric distribution was used because the nondetected values comPrise more than 15X of the samples • 
6) The stat. range is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int. 
1> The lognormal distribution was used because the data failed the normal distribution test. 
8) The mean is geometric. The standard deviation is the value to divide or multiply with the geometric mean. 
9) The nonparametic distribution was used because the data failed the normal distribution test and includes values ~0 • 
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• • TABLE D.7.15 ·GROUNDWATER QUALITY STATISTICS BY PARAMETER: UPGRADIENT, 
SHINARUMP MONITOR WELLS (601, 610, AND 658) 
SITE:lMON01 MONUMENT VALLEY 
04/18/85 TO 11/22/92 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I 
COEFF. · X OF STATISTICAL RANGE 

STANDARD OF NON 98X CONFIDENCE INTERVAL 
# OF SAMPI MINIMUM I MAXIMUM I MEDIAN I MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

SULFATE I MG/L I 
8 

I 53.10001 131.00001+ 100.50001 96.2625 31.2658 0.3248 0.0 63.1222 129.4028 

SULFIDE I MG/L I 
.=: 5 I•• 0.10001** 0.10001** 0.10001 NA NA NA 100.0 ** 0.1000 ** 0.1000 

TEMPERATURE I c - DEGREE' 

9 I 13.00001 20.00001 16.00001 16.0333 1.9326 0.1205 0.0 14.16n 17.8990 

THALLIUM I MG/L I 
1 I•• 0.01001** 0.01001** 0.01001 NA NA NA 100.0 NA NA 

THORJUM·230 I PCI/L J 
6 I·· 0.10001 0.50001+ 0.15001 NA NA NA 50.0 ** 0.1000 0.5000 

TIN I MG/L I 
6 , .. o.oo5ol 0.00501** o.oo5ol NA NA NA 100.0 ** 0.0050 0.0050 

TOTAL DISSOLVED SOLIDS I MG/L I 
8 I 328.00001 436.00001+ 388.00001 388.6250 38.9246 0.1002 0.0 347.3667 429.8833 

TOTAL ORGANIC CARBON I MG/L I 
7 , .. 1.00001. 51.00001 43.00001 32.3571 21.7844 0.6732 14.3 6.4785 58.2357 

TOTAL ORGANIC HALOGENS I MG/L I 
2 , .. 0.00301** 0.00301** 0.00301 NA NA NA 100.0 NA NA 

**The reported value is the minimum detection limit of the data set 
+ The sarrple size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, u = 0.01 
1) A minimum of 4 sarrples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values corrprise more than 15X of the sarrples. 

DISTRIBUTION 
TYPE 

NORMAL 

NONPARAMETRIC 

NORMAL 

UNKNOWN 

NONPARAMETRIC 

NONPARAMETRIC 

NORMAL 

NORMAL 

UNKNOWN 

FOOT 
NOTE 

2,5 

1 

2,6 

2,6 

1 

5) The stat. range is the 93.8X confidence interval due to a sarrple size of 5. The maximum is the 96.9X one sided confidence int. 
6) The stat. range is the 96.9X confidence interval due to a.sarrple size of 6. The maximum is the 98.5X one sided confidence int. 
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TABLE D.7.15 ·GROUNDWATER QUALITY STATISTICS BY PARAMETER: UPGRADIENT, 
SHINARUMP MONITOR WELLS (601, 610, AND 658) 
SITE: MON01 MONUMENT VALLEY 
04/18/85 TO 11/22/92 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I 
COEFF. X OF STATISTICAL RANGE 

STANDARD OF NON 98X CONFIDENCE INTERVAL 
# OF SAMP I MINIMUM I MAXIMUM I MEDIAN 

I 
MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

URANIUM I MG/L J 
8 I·· 0.00101 o.oo8~1+ 0.00281 NA NA NA 25.0 ** 0.0010 0.0081 

;, 

VANADIUM I MG/L I 
8 I·· 0.01001 ·0.60001+ 0.10251 NA NA NA 50.0 ** 0.0100 0.6000 

ZINC I MG/L I 
8 I·· o.oo5ol 0.05601** o.oo5ol NA NA NA 75.0 ** 0.0050 0.0560 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

INPUT DATA FILENAME: M:\DART\MON01\GWQ10009.DAT 

• • 

DISTRIBUTION 
TYPE 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

FOOT 
NOTE 

2 

2 

2 
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• • TABLE D.7.16- GROUNDWATER QUALITY STATISTICS BY PARAMETER: UPGRADIENT, 
DECHELLY MONITOR WELLS (612, 613, 661) 
SITE: MON01 u MONUMENT VALLEY 
04/19/85 T0.11/21/92 1 

REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. , % OF STATISTICAL RANGE 

# OF SAMPI I MAXIMUM I I 

STANDARD OF NON 98% CONFIDENCE INTERVAL 
MINIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

ALKALINITY I MG/L CAC031 

14 I n.ooool 198.00001+ 181.00001 163.6429 38.9588 0.2381 0.0 136.0506 191.2351 

ALUMINUM I MG/L I 
·- 12 I·· o.o5ool 0.80001+ 0.17soJ NA NA NA 50.0 ** 0.0500 0.7000 

AMMONIUM I MG/L I 
13 I·· 0.10001 0.10001** 0.10001 NA NA NA 92.3 ** 0.1000 ** 0.1000 

ANTIMONY I MG/L I 
11 I•• 0.00301 0.00701** 0.00301 NA NA NA 81.8 ** 0.0030 0.0040 

ARSENIC I MG/L I 
13 I·· 0.00601 0.00601** 0.00601 NA NA NA 92.3 ** 0.0060 ** 0.0060 

BARIUM I MG/L I 
11 I 0.04001 0.30001 o.osool NA NA NA 54.5 0.0400 0.2000 

BERYLLIUM I MG/L I 
5 I•• 0.00501 o.oo5ol o.oo5ol NA NA NA 100.0 ** 0.0050 0.0050 

BORON I MG/L I 
11 I·· o.o5ool o.4oooJ o.o5ool NA NA NA 54.5 0.0500 0.4000 

BROMIDE I MG/L I 
4 I·· 0.10001 1.00001+ 0.52501 NA NA NA 100.0 ** 0.1000 1.0000 

CADMIUM I MG/L I 
13 I·· 0.00101 0.00401** 0.00101 NA NA NA 92.3 ** 0.0010 ** 0.0010 

**The reported value is the minimum detection limit of the data set 
+ The sample size fs even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
2) The nonparametric distribution was used because the nondetected values comprise more than 15% of the samples. 

DISTRIBUTION 
TYPE 

NORMAL 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

NON PARAMETRIC 

NONPARAMETRIC 

FOOT 
NOTE 

2 

2 

2 

2 

2 

2,5 

2 

2,4 

2 

4) The stat. range is the 87.5% confidence interval due to a sample size of 4. The maximum is the 93.8% one sided confidence int. 
5) The stat. range fs the 93.8% confidence interval due to a sample size of 5. The maximum is the 96.9% one sided confidence int. 
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TABLE D.7.16 · GROUNDWATER QUALITY STATISTICS BY PARAMETER: UPGRADIENT, 
DECHELLY MONITOR WELLS (612, 613, 661) 
SITE: MON01 MONUMENT VALLEY 
04/19/85 TO 11/21/92 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. X OF STATISTICAL RANGE 

# OF SAMPI I MAXIMUM I I 

STANDARD OF NON 98% CONFIDENCE INTERVAL 
MINIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

CALCIUM I MG/L I 
13 

I 6.34001 28.60001 16.30001 17.8646 6.2747 0.3512 0.0 13.1989 22.5304 

CHLORIDE .I MG/L I 
13 I 4.00001 10.00001 8.ooool 7.2077 2.1006 0.2914 0.0 5.6458 8.7696 

CHROMIUM I MG/L I 
12 I·· 0.01001 0.04001** 0.01001 NA NA NA 66.1 ** 0.0100 0.0300 

COBALT I MG/L I 
11 I·· 0.03001 0~06001** 0.03001 NA NA NA 90.9 ** 0.0300 ** 0.0300 

COPPER I MG/L I 
10 I·· 0.01001 0.01001+ 0.01001 NA NA NA 100.0 0.0100 0.0100 

CYANIDE I MG/L I 
1 I·· 0.01001** 0.01001** 0.01001 NA NA NA 100.0 ** 0.0100 ** 0.0100 

FLUORIDE I MG/L I 
10 

I 0.20091 0.60001+ 0.40001 0.3600 0.1174 0.3261 0.0 0.2553 0.4647 

GROSS ALPHA I PCI/L I 
10 I·· 0.20001 10.00001+ 3.85001 NA NA NA 0.0 1.0000 6.1000 

GROSS BETA I PCI/L I 
10 . 

I 1.50001 9.00001+ 4.80001 5.3600 2.4254 0.4525 0.0 3.1963 7.5237 

IRON I MG/L I 
12 I·· 0.03001 0.10001** 0.03001 NA NA NA 15.0 ** 0.0300 0.0100 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum Is the 99 percent one sided confidence interval, a = 0.01 
2) The nonparametric distribution was used because the nondetected values comprise more than 15% of the samples. 

DISTRIBUTION 
TYPE 

NORMAL 

NORMAL 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

NORMAL 

NONPARAMETRIC 

NORMAL 

NONPARAMETRIC 

9) The nonparametlc distribution was used because the data failed the normal distribution test and Includes values ~0 • 

• 

FOOT 
NOTE 

2 

2 

2 

2 

9 

2 

• 
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• • TABLE D.7.16- GRoUNDWATER QUALITY STATISTICS BY PARAMETER: UPGRADIENT, 
DECHELLY MONITOR WELLS (612, 613, 661) 
SITE:.MON01, MONUMENT VALLEY 
04/19/85 TO 11/21/92 
REPORT DATE: 02/10/93 

~. 

PARAMETER NAME I UNITS J COEFF. X10F STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

# OF SAMPI MINIMUM I MAXIMUM I MEDIAN 
I MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

LEAD I MG/L I 
11 I·· 0.00501 0.00501 0.00501 NA NA NA 100.0 0.0050 0.0050 

LEAD-210 I PCI/L I 
5 J·· 1.20001 1.20001** 1.20001 NA NA NA 60.0 ** 1.2000 1.2000 

MAGNESIUM I MG/L I 
13 I 8.37001 31.90001 28.00001 24.1669 7.1410 0.2955 0.0 18.8570 29.4768 

MANGANESE I MG/L I 
12 I·· 0.01001 o.o5ool•• 0.01001 NA NA NA 83.3 ** 0.0100 0.0300 

MERCURY I MG/L I 
8 I·· 0.00021** 0.00021** 0.00021 NA NA NA 100.0 ** 0.0002 ** 0.0002 

MOLYBDENUM I MG/L I 
13 J•• 0.0.1001 0.18001 0.01001 NA NA NA 46.2 ** 0.0100 0.1100 

NET GROSS ALPHA *** I PCI/L I 
10 I -2.74001 3.41001+ 1.54001 NA NA NA 0.0 -0.8500 3.1400 

NICKEL I MG/L I 
11 I·· 0.04001 0.11001** 0.04ooJ NA NA NA 63.6 ** 0.0400 0.1000 

NITRATE I MG/L J 
13 I·· 1.00001 22.00001 4.60001 6.0554 5.6025 0.9252 7.7 1.8895 10.2213 

*** NET GROSS ALPHA (GROSS ALPHA - URANIUM) WITH 1 MG URANIUM = 686 PCI 
**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

NONPARAMETRIC 

NONPARAMETRIC 

NORMAL 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

NORMAL 

FOOT 
NOTE 

2 

2,5 

2 

2 

2 

9 

2 

5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9X one sided confidence int. 
9) The nonparametic distribution was used because the data failed the normal distribution test and includes values ~0. 
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TABLE D.7.16 ·GROUNDWATER QUALITY STATISTICS BY PARAMETER: UPGRADIENT, 
DECHELLY MONITOR WELLS (612, 613, 661) 
SITE: MON01. MONUMENT VALLEY 
04/19/85 TO 11/21/92 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I 
COEFF. X OF STATISTICAL RANGE 

STANDARD OF NON 98X CONFIDENCE INTERVAL 
#OF SAMPI MINIMUM I MAXIMUM I MEDIAN 

I 
MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

NITRITE I MG/L I 
4 I·· 0.10001 1.65001** 0.10001 NA NA NA 75.0 ** 0.1000 1.6500 

.. 
I MG/L I 

NITRITE AND NITRATE 

3 
I 1.06001 2.50001 1.60001 NA NA NA 0.0 NA NA 

PH 1 su I 
14 · 1 7.37001 9.36001+ 8.00501 NA NA NA 0.0 NA NA 

PHOSPHATE I MG/L I 
8 I·· 0.10001 0.30001** o.1oool NA NA NA 87.5 ** 0.1000 0.3000 

POLONIUM-210 I PCI/L I 
5 I·· 0.90001** 0.90001** 0.90001 NA NA NA 40.0 ** 0.9000 ** 0.9000 

POTASSIUM I MG/L I 
13 

I 1.82001 5.29001 2.99001 3.2138 1.1302 0.3517 0.0 2.3735 4.0542 

RADIUM-226 I PCI/L I 
11 I·· o.1oool 0.30001** o.1oool NA NA NA 27.3 ** 0.1000 0.3000 

RADIUM-226 + RADIUM-228 I PCI/L I 
11 I o.ooooj 1.70001 0.70001 NA NA NA 0.0 0.2500 0.9000 

RADIUM-228 l PCI/L I 
11 , .. 0.90001 1.70001** 0.90001 NA NA NA 27.3 ** 0.9000 ** 0.9000 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
1) A minimum of 4 samples nust be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

NONPARAMETRIC 

UNKNOWN 

UNKNOWN 

NONPARAMETRIC 

NONPARAMETRIC 

NORMAL 

NONPARAMETRIC 

NONPARAMETRIC 

NONPARAMETRIC 

FOOT 
NOTE 

2,4 

1 

2 

2,5 

2 

9 

2 

4) The stat. range is the 87.5X confidence interval due to a sample size of 4. The maximum is the 93.8X one sided confidence int. 
5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9X one sided confidence int. 
9) The nonparametic distribution was used because the data failed the normal distribution test and includes values sO • 
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• • TABLE D.7.16 ·GROUNDWATER QUALITY STATISTICS BY PARAMETER: UPGRADIENT, 
DECHELLY MONITOR WELLS (612, 613, 661) 
SITE: MON0.1. MONUMENT VALLEY 

' :. 04!19!85 TO' 11/21/92 . 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I 
COEFF. i% OF STATISTICAL RANGE 

STANDARD OF ' NON 98% CONFIDENCE INTERVAL 
#OF SAMPI MINIMUM I MAXIMUM I MEDIAN 

I 
MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

SELENIUM I MG/L I 
12 I** 0.00501 0.00501** o.oo5ol NA NA NA 91.7 •• 0.0050 •• 0.0050 

SILICA • SI02 ' j MG/L J 
10 

I 5.ooool 11.00001+ 10.00001 9.6400 1.8470 0.1916 0.0 7.9923 11.28n 

SILVER I MG/L I 
10 I•• 0.01001** 0.01001** 0.01001 NA NA NA 100.0 ** !).0100 ** 0.0100 

SODIUM I MG/L ,. I 

13 I 7.62001 51.70001 49.00001 36.3169 18.6251 0.5129 o.o 22.46n 50.1661 

SPECIFIC CONDUCTANCE .. I UMHO/CM I 
14 

I 110.00001 550.00001+ 365.00001 350.2143 125.2850 o.35n 0.0 261.4821 438.9464 

STRONTIUM I MG/L I 
10 

I o.o5ool 0.36001+ 0.12501 NA NA NA 50.0 0.0500 0.3600 

SULFATE I MG/L I 
13 

I 13.20001 64.00001 53.50001 42.9769 21.7183 0.5053 0.0 26.82n 59.1261 

SULFIDE I MG/L I 
7 I•• 0.10001** 0.10001•• 0.10001 NA NA NA 100.0 ** 0.1000 ** 0.1000 

TEMPERATURE l c - DEGREEI 

14 
I 

13.70001 22.00001+ 16.7oooJ 16.7429 2.0512 0.1225 0.0 15.2901 18.1956 

THALLIUM I MG/L I 
5 I•• 0.01001 o.o5ool•• 0.01001 NA NA NA 100.0 ** 0.0100 0.0500 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
2) The nonparametric distribution was used because the nondetected values. comprise more than 15% of the samples. 

DISTRIBUTION 
TYPE 

NONPARAMETRIC 

NORMAL 

NONPARAMETRIC 

NORMAL 

NORMAL 

NONPARAMETRIC 

NORMAL 

NONPARAMETRIC 

NORMAL 

NONPARAMETRIC 

FOOT 
NOTE 

2 

2 

2 

2. 

2,5 

5) The stat. range is the 93.8% confidence interval due to a sample size of 5. The maximum is the 96.9% one sided confidence int. 
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TABLE D.7.16 ·GROUNDWATER QUALITY STATISTICS BY PARAMETER: UPGRADIENT, 
DECHELLY MONITOR WELLS (612, 613, 661) 
SITE: MON01 MONUMENT VALLEY 
04/19/85 TO 11/21/92, 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. X OF STATISTICAL RANGE 

# OF SAMPI MINIMUM I MAXIMUM I I 

STANDARD OF NON 98X CONFIDENCE INTERVAL 
MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

THORIUM-230 I PCI/L I 
7 I•• 0.10001 1.10001 0.30001 NA NA .. NA 28.6 ** 0.1000 1.1000 

. I MG/L I 
. 

TIN 

10 I·· o.oo5ol o.oo5ol•• o.oo5ol NA NA NA 100.0 ** 0.0050 ** 0.0050 

TOTAL DISSOLVED SOLIDS I MG/L I 
13 I 118.00001 321.00001 271.00001 237.8462 62.6430 0.2634 0.0 19L2664 284.4259 

TOTAL ORGANIC CARBON ' J MG/L I 
8 j·· 1.ooooJ 53.00001+ 33.50001 28.0875 18.7975 0.6692 12.5 8.1630 48.0120 

TOTAL ORGANIC HALOGENS I MG/L I 
1 I·· 0.00301** 0.00301** 0.00301 NA NA NA . 100.0 NA NA 

URANIUM I MG/L I 
13 

I 0.00121 0.00961 0.00401 0.0044 0.0024 0.5515 0.0 0.0026 0.0062 

VANADIUM J MG/L I 
12 I·· 0.01001 o.8oool•• 0.01001 NA NA NA 58.3 ** 0.0100 0.7000 

ZINC I MG/L I 
12 I·· o.oo5ol 0.01601+ 0.00551 NA NA NA 50.0 ** 0.0050 0.0100 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
1) A minimum·of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

INPUT DATA FILENAME: M:\DART\MON01\GWQ10010.DAT 

• 

DISTRIBUTION 
TYPE 

NONPARAMETRIC 

NONPARAMETRIC 

NORMAL 

NORMAL 

UNKNOWN 

NORMAL 

NONPARAMETRIC 

NONPARAMETRIC 

FOOT 
NOTE 

2 

2 

1 

2 

2 
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• 
LOCATION 

PARAMETER NAME ID 

ALKALINITY 0804 
0805 
0814 
0816 

ALUMINUM 0804 
0804 
0805 
0805 
0814 
0815 
0815 
0816 
0816 
0817 

AMMONIUM 0804 
0804 
0805 
0815 
0816 
0817 

ANTIMONY 0804 
0804 
0805 
0805 
0814 
0815 
0815 
0816 
0816 
0817 

ARSENIC 0804 
0804 
0805 
0805 
0814 
0814 
0815 

MATERIAL OF SAMPLING CODE: 
TA • URANIUM MILL TAILINGS 

• TABLE D.7.17 • LYSIMETER WATER QUALITY DATA BY PARAMETER: All LYSIMETERS 
(804, 805, 814, 815, 816, 817) 

. ~~j~~~=~N~~ O~~~~~T: VALLEY 
REPORT DATE: 02/10/93 

SAMPLE MAT. FLOW 
LOG DATE ID SAMP REL. 

04/27/86 0001 TA 0 
04!27/86 0001 TA 0 
04!27/86 0001 TA 0 
04/27/86 0001 TA 0 

10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10!28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 

10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10!28/85 0001 TA 0 
10/28/85 0001 TA 0 
10/28/85 0001 TA 0 
10/28/85 0001 TA 0 

10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 

10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 

UNITS OF PARAMETER 
MEASURE PVI VALUE 

MG/l CAC03 35. 
44. 
2. 
0. 

MG/L 0.3 
0.9 
0.4 
0.6 
1.2 
0.4 
5.5 
0.3 
3.9 
0.4 

· MG/l 47. 
17. 
12. 
1.5 

200. 
1200. 

MG/l < 0.003 
< 0.003 
< 0.003 
< 0.003 
< 0.003 
< 0.003 
< 0.003 
< 0.003 
< 0.003 
< 0.003 

MG/l < 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 

FLOW RELATIONSHIP CODE: 
0 • ON-SITE 

DETECTION 
FLAGS LIMIT 

-
-
-
-

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

0.003 
0.003 
0.003 
0.003 
0.003 
0.003 
0.003 
0.003 
0.003 
0.003 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

PARAMETER VALUE INDICATOR CPVI): < • LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 • FILTERED SAMPLE (.45 MICRONS) 

• 
PARAMETER 

UNCERTAINTY 

-. 
-
-
-
-
--
--
--
-
-
-
--
--
-
--
--
--
--
--
-
-
-
--
--



i; 

0 
I 
w 
w 
~ 

LOCATION 
PARAMETER NAME ID 

ARSENIC 0815 
0816 
0816 
0817 

BARIUM & 0804 
0804 
0805 
0805 
0814 
0815 
0815 
0816 
0816 
0817 

BORON 0804 
0805 
0814 
0815 
0816 

CADMIUM 0804 
0804 
0805 
0805 
0814 
0815 
0815 
0816 
0816 
0817 

CALCIUM 0804 
0804 
0805 
0805 
0814 
0814 
0815 
0815 

MATERIAL OF SAMPLING CODE: 
TA • URANIUM MILL TAILINGS 

TABLE D.7.17 • LYSIMETER WATER QUALITY DATA BY PARAMETER: ALL LYSIMETERS 
(804, 805, 814, 815, 816, 817) 
SITE: MON01 MONUMENT VALLEY 
10/28/85 TO 04/27/86 
REPORT DATE: 02/10/93 

SAMPLE MAT. FLOW 
LOG DATE ID SAMP REL. 

04/27/86 0001 TA 0 
10/28/85 0001 TA 0· 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 

10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
04!27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA o. 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 

04/27/86 0001 TA 0 
04/27/86 0001 TA 0 
04/27/86 0001 TA 0 
04/27/86 0001 TA 0 
04/27/86 0001 TA 0 

10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85. 0001 TA 0 
04/27/86 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 

10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 

UNITS OF PARAMETER 
MEASURE PVI VALUE 

MG/L < 0.01 
< 0.01 
< 0.01 
< 0.01 

MG/L 0.3 
0.1 
0.5 
0.2 

< 0.1 
0.3 
0.1 
0.3 
0.1 
0.3 

MG/L < 0.1 
< 0.1 
< 0.1 
< 0.1 
< 0.1 

MG/L < 0.001 
< 0.001 
< 0.001 
< 0.001 
< 0.001 
< 0.001 
< 0.001 
< 0.001 
< 0.001 
< 0.001 

MG/L 36.9 
39.4 

425. 
198. 
585. 
534. 
544. 
510. 

FLOW RELATIONSHIP CODE: 
0 • ON-SITE 

DETECTION 
FLAGS LIMIT 

0.01 
0.01 
0.01 
0.01 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

0.1 
0.1 
0.1 
0.1 
0.1 

0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 · FILTERED SAMPLE (.45 MICRONS) 

PARAMETER 
UNCERTAINTY 

. 
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. 
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0 
I 
w 
w 
c.n 

• 
LOCATION 

PARAMETER NAME ID 

CALCIUM 0816 
0816 
0817 

CHLORIDE 0804 
0804 
0805 
0805 
0814 

- 0815 
0816 
0817 

CHROMIUM 0804 
0804 
0805 
0805 
0814 
0815 
0815 
0816 
0816 
0817 

COBALT 0804 
0804 
0805 
0805 
0814 
0815 
0815 
0816 
0816 
0817 

COPPER 0804 
0804 
0805 
0805 
0814 
0815 

MATERIAL OF SAMPLING CODE: 
TA - URANIUM MILL TAILINGS 

• TABLE D.7.17 • LYSIMETER WATER QUALITY DATA BY PARAMETER: ALL LYSIMETERS 
(804, 805, 814, 815, 816, 817) 
SITE:1 MON01 i MONUMENT VALLEY 
10/28/85 T0'04/27/86 -
REPORT DATE: 02/10/93 

SAMPLE MAT. FLOW UNITS OF ·ii ~ PARAMETER 
LOG DATE ID SAMP REL. MEASURE PVI VALUE 

10/28/85 0001 TA 0. MG/L 626. 
04/27/86 0001 TA ;0 457. 
10/28/85 0001 TA o. 555. 

10/28/85 0001 TA 0! MG/L 26. 
04/27/86 0001 TA 0 33. 
10/28/85 0001 TA 0 41. 
04/27/86 0001 TA 0 45. 
10/28/85 0001 TA 0 5. 
10/28/85 0001 TA 0 7. 
10/28/85 0001 TA 0 15. 
10/28/85 0001 TA o- 20. 

10/28/85 0001 TA 0 MG/L 0.02 
04/27/86 0001 TA 0 < 0.01 
10/28/85 0001 TA 0 0.03 
04/27/86 0001 TA 0 0.03 
04/27/86 0001 TA 0 0.03 
10/28/85 0001 TA 0 0.02 
04/27/86 0001 TA 0 0.05 
10/28/85 0001 TA 0 0.04 
04/27/86 0001 TA ·o 0.05 
10/28/85 0001 TA 0 0.02 

10/28/85 0001 TA 0 MG/L < 0.05 
04/27/86 0001 TA 0 0.07 
10/28/85 0001 TA 0 0.05 
04/27/86 0001 TA 0 . 0.11 
04/27/86 0001 TA 0 . 0.34 
10/28/85 0001 TA 0 . 0.61 
04/27/86 0001 TA 0 . 0.87 
10/28/85 0001 TA 0 0.65 
04/27/86 0001 TA 0 1.41 
10/28/85 0001 TA 0 . 0.99 

10/28/85 0001 TA 0 MG/L < 0.02 
04/27/86 0001 TA 0 0.03 
10/28/85 0001 TA 0 0.04 
04/27/86 0001 TA 0 0.04 
04/27/86 0001 TA 0 0.04 
10/28/85 0001 TA 0 0.04 

FLOW RELATIONSHIP CODE: 
0 - ON-SITE 

DETECTION 
FLAGS LIMIT 

0.01 
0.01 
0.01 

1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

0.02 
0.02 
0.02 
0.02 
0.02 
0.02 

PARAMETER VALUE INDICATOR (PVI): <- LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 - FILTERED SAMPLE (.45 MICRONS) 

• 
PARAMETER 

UNCERTAINTY 

-
-
-
-
-
-
--
--
-
--
-
-
--
--
--
-
--
--
--
--
-
-
-
--
--



0 
I 

w 
w 
0"1 

LOCATION 
PARAMETER NAME ID 

COPPER 0815 
0816 
0816 
0817 

FLUORIDE 0804 

IRON 0804 
0804 
0805 
0805 
0814 
0815 
0815 
0816 
0816 
0817 

LEAD 0804 
0805 
0814 
0815 
0816 

MAGNESIUM 0804 
0804 
0805 
0805 
0814 
0814 
0815 
0815 
0816 
0816 
0817 

MANGANESE OS04 
0804 
0805 
0805 
0814 

MATERIAL OF SAMPLING CODE: 
TA - URANIUM MILL TAILINGS 

TABLE D.7.17 - LYSIMETER WATER QUALITY DATA BY PARAMETER: ALL LYSIMETERS 
(804, 805, 814, 815, 816, 817) 
SITE: MON01 MONUMENT VALLEY 
10/28/85 T,O 04/27/86 
REPORT DATE: 02/10/93 

SAMPLE MAT. FLOW 
LOG DATE ID SAMP REL. 

04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 

04/27/86 0001 TA 0 

10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 

04/27/86 0001 TA 0 
04/27/86 0001 TA 0 
04/27/86 0001 TA 0 
04/27/86 0001 TA 0 
04/27/86 0001 TA 0 

10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 

10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
04/27/86 0001 TA 0 

UNITS OF PARAMETER 
MEASURE PVI VALUE 

MG/L 0.11 
0.03 
0.14 
0.04 

MG/L 1. 7 

MG/L 0.03 
< 0.03 

0.04 
0.04 
0.1 
0.03 
0.11 
0.29 
0.16 
1.86 

MG/L < 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 

MG/L 18.3 
17.6 

135. 
90. 
3.94 
3.02 
6.3 
5.26 

31.8 
35. 
78.3 

MG/L 0.37 
0.17 
0.67 
o.n 
0.92 

FLOW RELATIONSHIP CODE: 
0 - ON-SITE 

DETECTION 
FLAGS LIMIT 

0.02 
0.02 
0.02 
0.02 

0.1 

0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 

0.01 
0.01 
0.01. 
0.01 
0.01 

0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 

0.01 
0.01 
0.01 
0.01 
0.01 

PARAMETER VALUE INDICATOR (PVI): < - LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 • FILTERED SAMPLE (.45 MICRONS) 

PARAMETER 
UNCERTAINTY 

-
--
-
-
-
-
----
--
-
-
-
---
-
-
--
--
-
-
--
-
-
---
-
-

• • • 



0 
I 
w 
w 
""-J 

• 
LOCATION 

PARAMETER NAME ID 

MANGANESE 0815 
0815 
0816 
0816 
0817 

MERCURY 0804 
0805 
0814 
0815 
0816 
0817 

MOLYBDENUM 0804 . 0804 
0805 
0805 
0814 
0815 
0815 
0816 
0816 
0817 

NICKEL 0804 
0804 
0805 
0805 
0814 
0815 
0815 
0816 
0816 
0817 

NITRATE 0804 
0804 
0805 
0805 
0814 
0815 

MATERIAL OF SAMPLING CODE: 
TA • URANIUM MILL TAILINGS 

·. 
'1 

• ~ .• 
TABLE D.7.17 • LYSIMETER WATER QUALITY DATA BY PARAMETER: ALL LYSIMETERS 
(804, 805, 814, 815, 816, 817) 
SITE: .!40N01 MONUMENT VALLEY 
10/28/85 TO 04/27/86 
REPORT DATE: 02/10/93; 

SAMPLE MAT. FLOW 
LOG DATE ID SAMP REL. 

10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 

10/28/85 0001 TA 0 
10/28/85 0001 TA 0 
10/28/85 0001 TA 0 
10/28/85 0001 TA 0 
10/28/85 0001 TA 0 
10/28/85 0001 TA 0 

10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 

10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 

10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
10/28/85 0001 TA 0 

. UNITS OF PARAMETER 
MEASURE PVi VALUE 

. MG/L 2.25 
2.82 
2.n 
3.94 
2.97 

MG/L < 0.0002 
< 0.0002 
< 0.0002 
< 0.0002 
< 0.0002 

' 0.0002 < 

MG/L 0.17 
0.21 
0.2 
0.24 
0.23 
0.25 
0.19 
0.26 
0.15 
0.32 

MG/L 0.06 
0.05 
0.15 
0.09 
0.31 
0.54 
0.57 
0.53 
0.66 
1.1 

MG/L 25. 
32. 

570. 
83. 
14. 
18. 

FLOW RELATIONSHIP CODE: 
0 • ON-SITE 

DETECTION 
FLAGS LIMIT 

0.01 
0.01 
0.01 
0.01 
0.01 

0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

0.04 
0.04' 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 

1. 
1. 
1. 
1. 
1. 
1. 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001. • FILTERED SAMPLE ( .45 MICRONS) 

• 
PARAMETER 

UNCERTAINTY 

-
--
-
-
-
--
--
-
--
--
-
-
--
-
-
---
--
-
-
-
-
-
-
-
--
-
-



0 
I 
w 
w 
(X) 

LOCATION 
PARAMETER NAME ID 

NITRATE 0816 
0817 

PH 0804 
.. 0804 

0805 
0805 . 
0814 
0814 
0815 
0815 
0816 
0816 
0817 

POTASSIUM 0804 
0804 
0805 
0805 
0814 
0814 
0815 
0815 
0816 
0816 
0817 

RADIUM-226 0804 
0805 
0815 
0816 
0817 

SELENIUM 0804 
0804 
0805 
0805 
0814 
0814 
0815 
0815 

MATERIAL OF SAMPLING CODE: 
TA • URANIUM MILL TAILINGS 

TABLE D.7.17- LYSIMETER WATER QUALITY DATA BY PARAMETER: ALL LYSIMETERS 
(804, 805, 814, 815, 816, 817) 
SITE: MON01 MONUMENT VALLEY 
10/28/85.TO ~/27/86 
REPORT DATE: .02/10/93 

SAMPLE MAT. FLOW 
LOG DATE ID SAMP REL. 

10/28/85 0001 TA 0 
10/28/85 0001 TA o, 

10/28/85 0001 TA 0 
04/27/86 0001 TA o: .. 
10/28/85 0001 TA o. 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 

10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 

10/28/85 0001 TA 0 
10/28/85 0001 TA 0 
10/28/85 0001 TA 0 
10/28/85 0001 TA 0 
10/28/85 0001 TA 0 

10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 

UNITS OF PARAMETER 
MEASURE PVI VALUE 

MG/L 27. 
530. 

su 7.63 
6.n 
7.24 
7.19 
6.64 
5.82 
6.23 
4.56 
6.32 
4.3 
6.16 

MG/L 4.81 
3.27 
5.21 
3.25 
3.79 
2.24 
3.83 
3.13 
8.91 
6.07 

21.9 

PCI/L 2.9 
4.7 
8.1 

13. 
3.8 

MG/L < 0.005 
< 0.005 
< 0.005 
< 0.005 
< 0.005 
< 0.005 
< 0.005 
< 0.005 

FLOW RELATIONSHIP CODE: 
0 - ON·SIT.E 

DETECTION 
FLAGS LIMIT 

1. 
1. 

--
----
----
-

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

1. 
1. 
1. 
1. 
1. 

0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 • FILTERED SAMPLE (.45 MICRONS) 

PARAMETER 
UNCERTAINTY 

-
-
-
-
--
-
-
-
-
-
-
-
--
-
-
--
--
--
-

2.1 
2.1 
3.3 
4. 
2.3 

-
-
-
-
-
-
--

• • • 



Cl 
I 
w 
w 
~ 

•• 
LOCATION 

PARAMETER NAME ID 

SELENIUM 0816 
0816 
0817 

SILVER . 0804 
0804 
0805 
0805 
0814 
0815 
0815 
0816 
0816 
0817 

SODIUM 0804 
0804 
0805 
0805 
0814 
0814 
0815 
0815 
0816 
0816 
0817 

SPECIFIC CONDUCTANCE 0804 
0805 
0814 
0815 
0816 

STRONTIUM 0804 
0804 
0805 
0805 
0814 
0815 
0815 
0816 

MATERIAL OF SAMPLING CODE: 
TA - URANIUM"MILL TAILINGS 

TABLE D.7.17 · LYSIMETER WATER QUALITY DATA BY PARAMETER: ALL LYSIMETERS 
(804, 80~, 814,, 815, 816, 817) 
SITE: MON01 MONUMENT VALLEY 
10/28/85 TO 04/27/86 
REPORT DATE: 02/1Q/93 

SAMPLE MAT. FLOW 
LOG DATE ID SAMP REL~ 

10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 

10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 

10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 

04/27/86 0001 TA 0 
04/27/86 0001 TA 0 
04/27/86 0001 TA 0 
04/27/86 0001 TA 0 
04/27/86 0001 TA 0 

10!28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA ,0 
04/27/86 0001 TA 0 
10!28/85 0001 TA 0 

UNITS OF } PARAMETER 
MEASURE PVI VALUE 

MG/L < 0.005 
< 0.005 
< 0.005 

MG/L < 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 

MG/L 107. 
171. 
362. 
232. 
18.1 
3.75 
9.51 
3.57 

22.6 
8.36 

70.7 

UMHO/CM 435. 
850. 
800. 
850. 

1200. 

MG/L 0.2 
0.1 
1.6 
1.3 
0.7 
0.7 
0.7 
0.7 

FLOW RELATIONSHIP CODE: 
0 - ON-SITE 

DETECTION 
FLAGS LIMIT 

0.005 
0.005 
0.005 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 

----
-

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

PARAMETER VALUE INDICATOR (PVI): < - LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 - FILTERED SAMPLE (.45 MICRONS) 

• 
PARAMETER 

UNCERTAINTY 

-
--
-
--
-
-
--
--
-
-
-
-
-
--
---
-
-

,·. 
--
--
-
--
--
--
-
-



·•. 

;I 

0 
I 
w 
~ 
0 

LOCATION 
PARAMETER NAME ID 

STRONTIUM 0816 
0817 

SULFATE 0804 
' 0804 ; 

0805 
0805 
0814 
0815 
0816 
0817 

TEMPERATURE 0804 
0805 
0814 
0815 
0816 

TIN 0804 
0804 
0805 
0805 
0814 
0815 
0815 
0816 
0816 
0817 

TOTAL DISSOLVED SOLIDS 0804 
0805 
0814 
0815 
0816 
0817 

URANIUM 0804 
0804 
0805 
0805 
0814 

MATERIAL OF SAMPLING CODE: 
TA - URANIUM MILL TAILINGS 

TABLE D.7.17- LYSIMETER WATER QUALITY DATA BY PARAMETER: All LYSIMETERS 
(804, 805, 814, 815, 816, 817) 
SITE: MON01 MONUMENT VALLEY ·~ 
10/28/8i TO 04/27/86 
REPORT DATE: 02/10/93 

SAMPLE MAT. FLOW 
LOG DATE ID SAMP REL. 

04/27/86 0001 TA 0 
10/28/85 0001 TA 0 

10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
10/28/85 0001 TA 0 
10/28/85 0001 TA 0 
10/28/85 0001 TA 0 

04/27/86 0001 TA 0 
04/27/86 0001 TA 0 
04/27/86 0001 TA 0 
04/27/86 0001 TA 0 
04/27/86 0001 TA 0 

10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 

10/28/85 0001 TA 0 
10/28/85 0001 TA 0 
10/28/85 0001 TA. 0 
10/28/85 0001 TA 0 
10/28/85 0001 TA 0 
10/28/85 0001 TA 0 

10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 

UNITS OF PARAMETER 
MEASURE PVI VALUE 

MG/L 0.7 
0.7 

MG/L 212. 
286. 

1610. 
738. 

1420. 
1310. 
2050. 
4510. 

C • DEGREE 16. 
15.5 
16. 
16. 
16. 

MG/L < 0.005 
< 0.005 
< 0.005 
< 0.005 
< 0.005 
< 0.005 
< 0.005 
< 0.005 
< 0.005 
< 0.005 

MG/L 703. 
2900. 
2220. 
2080. 
3140. 
6850. 

MG/L 0.0201 
0.0205 
0.78 
1.08 
0.0033 

FLOW RELATIONSHIP CODE: 
0 - ON-SITE 

DETECTION 
FLAGS LIMIT 

0.1 
0.1 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

---
--

0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 

10. 
10. 
10. 
10. 
10. 
10. 

0.003 
0.003 
0.003 
0.003 
0.003 

PARAMETER VALUE INDICATOR CPVI): <- LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 - FILTERED SAMPLE (.45 MICRONS) 

PARAMETER 
UNCERTAINTY 

-
-
-
-
-
-
--
--
---
-
-
-
----
--
--
-
--
-
-
--
-
-
-
--

• • • 



• 
LOCATION 

PARAMETER NAME ID 

URANIUM 0814 
0815 
0815 
0816 

; 0816 
0817 

VANADIUM 0804 
0804 
0805 
0805 
0814 
0815 
0815 
0816 
0816 
0817 

ZINC 0804 
0804 
0805 
0805 
0814 
0815 
0815 
0816 
0816 
0817 

MATERIAL OF SAMPLING CODE: 
TA • URANIUM MILL TAILINGS 

TABLE D.7.17 • LYSIMETER WATER QUALITY DATA BY PARAMETER: ALL LYSIMETERS 
(804, 805, 814, 815,,816, 817) 

. SITE: MON01 .. MONUMENT VALLEY 
10/28/85 TO 04/27/86 
REPORT DATE: 02/10/93 

SAMPLE MAT. FLOW 
LOG DATE ID SAMP REL. 

04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 

10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
04/27/86 0001 TA 0 
10!28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10!28/85 0001 TA 0 

10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04/27/86 0001 TA 0 
10/28/85 0001 TA 0 
04!27/86 0001 TA 0 
10/28/85 0001 TA 0 

UNITS OF ~PARAMETER 
MEASURE PVI VALUE 

MG/L 0.0006 
0.036 
0.0064 
0.0753 
0.054 
0.0008 

MG/L . 0.3 . 
0.69 

.. 0.62 
0.91 
1.08 
0.48 
0.89 
0.26 
0.97 

\() :0.25 

MG/L 0.06 
0.129 
0.129 
0.107 
L41 
1.82 
0.912 
3.86 
0.86 
2.09 

FLOW RELATIONSHIP CODE: 
0 • ON·SITE 

DETECTION 
FLAGS LIMIT 

c 0.0006 
0.003 
0.003 
0.003 
0.003 

c 0.0008 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT SAMPLE ID CODES: 

OTHER PARAMETER VALUE FLAGS: 
c • CHANGED DETECTION LIMIT 

DATA FILE NAME: M:\DART\MON01\LYS10000.DAT 

0001 • FILTERED SAMPLE (.45 MICRONS) 

• 
PARAMETER 

UNCERTAINTY 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 
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TABLE D •. 7.18- GROUNDWATER QUALITY STATISTICS BY LOCATION: All DOWNGRADIENT 
AND CROSS GRADIENT ALLUVIAL MONITOR WELLS 
SITE: MON01 MONUMENT VALLEY 
04/17/85 1TO 11/24/92· 
REPORT DATE: 02/10/93 

PARAMETER NAME i UNITS I COEFF. X OF STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM* 

ALKALINITY : I MG/l CAC031 

0603 7 193.0000 205.0000 200.0000 199.2857 '4.3095 0.0216 0.0 194.1663 204.4051 
0604 6 1n.oooo 204.0000 + 193.5000 192.3333 ;~10.4817 0.0545 0.0 1n.9340 206.7327 
0605 10 204.0000 349:oooo + 248.5000 268.2000 .50.7079 0.1891 0.0 222.9646 313.4354 
0606 10 289.0000 641.0000 + 329.0000 356.6000 104.6265 0.2934 . o.o 263.2649 449.9351 
0650 4 205.0000 219.0000 + 213.0000 212.5000 6.6081 0.0311 0.0 197.4964 227.5036 
0651 10 175.0000 206.0000 + 196.0000 193.9000 8.n35 0.0450 0.0 186.1179 201.6821 
0652 5 190.0000 205.0000 195.0000 195.6000 5.no6 0.0295 0.0 185.9301 205.2699 
0653 9 173.0000 221.0000 201.0000 201.0000 14.1863 0.0706 0.0 187.3055 214.6945 
0654 9 159.0000 193.0000 176.0000 175.0000 10.0623 0.0575 0.0 165.2865 184.7135 
0655 10 299.0000 358.0000 + 328.0000 329.9000 21.5378 0.0653 0.0 310.6866 349.1134 
0656 4 260.0000 263.0000 + 262.5000 262.0000 1.4142 0.0054 0.0 258.7890 265.2110 
0662 6 325.0000 474.0000 + 374.5000 390.3333 61.0169 0.1563 0.0 306.5110 474.1557 
0669 4' 218.0000 246.0000 + 226.0000 229.0000 12.3828 0.0541 0.0 200.8849 257.1151 

ALUMINUM I MG/l I 
0603 5 ** 0.0500 0.7000 0.0500 NA NA NA 60.0 ** 0.0500 0.7000 
0604 5 ** 0.0500 0.6000 0.0500 NA NA NA 60.0 ** 0.0500 0.6000 
0605 8 ** 0.0500 0.6000 + 0.0500 NA NA NA 62.5 •• 0.0500 0.6000 
0606 9 ** 0.0500 0.7000 0.0500 NA NA NA 66.7 ** 0.0500 0.7000 
0650 3 ** 0.1000 0.3000 ** 0.1000 NA NA NA 66.7 NA NA 
0651 8 ** 0.0500 0.3000 + 0.0500 NA NA NA 75.0 ** 0.0500 0.3000 
0652 4 ** 0.0500 0.2000 + 0.1125 NA NA NA 50.0 ** 0.0500 0.2000 
0653 7 ** 0.0500 0.4000 0.0500 NA NA NA 71.4 ** 0.0500 0.4000 
0654 7 ** 0.0500 0.2000 0.0500 NA NA NA 71.4 ** 0.0500 0.2000 
0655 8 ** 0.0500 0.3000 + 0.0500 NA NA NA 75.0 ** 0.0500 0.3000 
0656 3 ** 0.1000 0.4000 0.3000 NA NA NA 33.3 NA NA 
0662 5 ** 0.0500 0.4000 0.0500 NA NA NA 80.0 ** 0.0500 0.4000 
0669 4 ** 0.0500 0.4000 + 0.1750 NA NA NA 50.0 ** 0.0500 0.4000 

AMMONIUM I MG/l I 
0603 6 ** 0.1000 0.6000 ** 0.1000 NA NA NA 66.7 ** 0.1000 0.6000 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a= 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 

NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 
NONPARAMETRIC 

NONPARAMETRIC 

FOOT 
NOTE 

2,5 
2,5 
2 
2 
1 
2 
2,4 
2 
2 
2 . 
1 
2,5 
2,4 

2,6 

4) The stat. range is the 87.5X confidence interval due to a sample size of 4. The maximum is the 93.8X one sided confidence int. 
5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9X one sided confidence int. 
6) The stat. range is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int • 

• • 



• • TABLE D.7.18 • GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT ALLUVIAL MONITOR WELLS 
SITE: MON01 :MONUMENT VALLEY 
04/17/85 TO 1'1!24/92 ' 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. ,.~Ng~- STATISTICAL RANGE 
STANDARD OF 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

AMMONIUM I MG/L I 
0604 5 ** 0.1000 0.3000 ** 0.1000 NA NA NA 60.0 ** 0.1000 0.3000 
0605 9 ** 0.1000 2.2000 0.5000 NA NA NA 33.3 ** 0.1000 2.2000 
0606 9 210.0000 370.0000 310.0000 301.3333 62~5540 0.2076 0.0 240.9479 361.7188 
0650 4 ** 0.1000 0.5000 ** 0.1000 NA NA NA 75.0 ** 0.1000 0.5000 
0651 9 ** 0.1000 0.2000 ** 0.1000 NA NA NA 66.7 ** 0.1000 0.2000 
0652 4 ** 0.1000 0.1000 ** 0.1000 NA NA NA 75.0 ** 0.1000 0.1000 
0653 8 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 ** 0.1000 ** 0.1000 
0654 8 ** 0.1000 0.2000 ** 0.1000 NA NA NA 62.5 ** 0.1000 0.2000 
0655 9 43.4000 460.0000 239.0000 252.6000 115.2761 0.4564 0.0 141.3201 363.8799 
0656 3 91.0000 150.0000 120.0000 NA NA NA 0.0 NA NA 
0662 5 ** 0.1000 0.1000 ** 0.1000- NA NA NA 80.0 ** 0.1000 0.1000 
0669 4 ** . 0.1000 0.4000 ** 0.1000 NA NA NA 75.0 ** 0.1000 0.4000 

ANTIMONY T MG/L I 
' 0603 5 ** 0.0030 0.0040 ** 0.0030 NA NA NA 80.0 ** 0.0030 0.0040 

0604 5 ** 0.0030 0.0050 ** 0.0030 NA NA NA 60.0 ** 0.0030 0.0050 
0605 6 ** 0.0030 0.0060 ** 0.0030 NA NA NA 66.7 ** 0.0030 0.0060 
0606 8 ** 0.0030 0.0100 ** 0.0030 NA NA NA 62.5 ** 0.0030 0.0100 
0650 2 ** 0.0030 ** 0.0030 ** 0.0030 NA NA NA 100.0 NA NA 
0651 7 ** 0.0030 ** 0.0030 ** 0.0030 NA NA NA 100.0 ** 0.0030 ** 0.0030 
0652 3 ** 0.0030 ** 0.0030 ** 0.0030 NA NA NA 100.0 NA NA 
0653 6 ** 0.0030 ** 0.0030 ** 0.0030 NA NA NA 100.0 ** 0.0030 ** 0.0030 
0654 6 ** 0.0030 ** 0.0030 ** 0.0030 NA NA NA 100.0 ** 0.0030 ** 0.0030 
0655 7 ** 0.0030 ** 0.0030 ** 0.0030 NA NA NA 100.0 ** 0.0030 ** 0.0030 
0656 2 ** 0.0030 ** 0.0030 ** 0.0030 NA NA NA 100.0 NA NA 
0662 3 ** 0.0030 ** 0.0030 ** 0.0030 NA NA NA 100.0 NA NA 
0669 3 ** 0.0030 ** 0.0030 ** 0.0030 NA NA NA 100.0 NA NA 

ARSENIC I MG/L I : 

0603 6 0.0010 0.0050 + 0.0050 NA NA NA 83.3 0.0010 0.0050 
0604 5 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 ** 0.0100 ** 0.0100 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a= 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 

DISTRIBUTION 
TYPE 

NONPARAMETRIC 
NONPARAMETRIC 

NORMAL 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

NORMAL 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

FOOT 
NOTE 

2,5 
2 

2,4 
2 
2,4 
2 
2 

1 
2,5 
2,4 

2,5 
2,5 
2,6 
2 
1 
2 
1 
2,6 
2,6 
2 
1 
1 
1 

2,6 
2,5 

2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 
4) The stat. range is the 87.5X confidence interval due to a sample size of 4. The maximum is the 93.8X one sided confidence int. 
5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9X one sided confidence int. 
6) The stat. range is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.SX one sided confidence int. 

• 



TABLE D.7.18 ·GROUNDWATER QUALITY STATISTICS BY LOCATION: All DOWNGRADIENT 
AND CROSS GRADIENT ALLUVIAL MONITOR WELLS 
SITE: MON01. MONUMENT VALLEY 
04/17/85 TO 11/24/92 
REPORT DATE: 02!10/93 

PARAMETER NAME I UNITS I COEFF. X OF STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

ARSENIC I MG/l I 
0605 9 ** 0.0100 0.0110 ** 0.0100 NA NA. NA n.8 ** 0.0100 0.0110 
0606 9 ** 0.0100 0.0100 ** 0.0100 NA NA, NA 88.9 ** 0.0100 0.0100 
0650 4 0.0030 0.0050 + 0.0050 NA NA~'~ NA 75.0 0.0030 0.0050 
0651 9 0.0020 0.0050 0.0050 NA NA' NA 88.9 0.0020 0.0050 
0652 4 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 ** 0.0100 ** 0.0100 
0653 8 ** 0.0100 0.0110 ** 0.0100 NA NA NA 75.0 ** 0.0100 0.0110 
0654 8 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 ** 0.0100 ** 0.0100 
0655 9 ** 0.0100 0.0250 ** 0.0100 NA NA NA 88.9 ** 0.0100 0.0250 
0656 3 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0662 5 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 ** 0.0100 ** 0.0100 
0669 4 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 ** 0.0100 ** 0.0100 

BARIUM I MG/l I 
0603 5 0.0400 0.4000 0.0500 NA NA NA 40.0 0.0400 0.4000 
0604 5 0.0400 0.3000 0.0500 NA NA NA 40.0 0.0400 0.3000 
0605 7 0.0300 0.3000 0.0500 NA NA NA 57.1. 0.0300 0.3000 
0606 9 0.0300 0.1000 0.0500 NA NA NA 66.7 0.0300 0.1000 
0650 2 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0651 7 0.0300 0.2000 0.0500 NA NA NA 57.1 0.0300 0.2000 
0652 3 0.1300 0.4000 0.1500 NA NA NA 0.0 NA NA 
0653 7 0.0300 0.2000 0.0500 NA NA NA 42.9 0.0300 0.2000 
0654 6 0.1000 0.2000 + 0.1750 0.1583 0.0492 0.3105 0.0 0.0908 0.2259 
0655 8 0.0200 0.2000 + 0.0500 NA NA NA 50.0 0.0200 0.2000 
0656 3 ** 0.1000 0.2000. 0.2000 NA NA NA 33.3 NA NA 
0662 4 0.0200 0.2000 + 0.0400 NA NA NA 25.0 0.0200 0.2000 
0669 4 0.0200 0.3000 + 0.0750 NA NA NA 25.0 0.0200 0.3000 

BERYLLIUM I MG/l I 
0603 2 ** 0.0050 0.0050 ** 0.0050 NA NA NA 100.0 NA NA 
0604 2 ** 0.0050 0.0050 ** 0.0050 

. 
NA NA NA 100.0 NA NA 

0605 5 ** 0.0050 0.0050 0.0050 NA NA NA 100.0 ** 0.0050 0.0050 
0606 5 ** 0.0050 0.0050 0.0050 NA NA NA 100.0 ** 0.0050 0.0050 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETR I C 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 
NONPARAMETRIC 

NONPARAMETR I C 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 

NORMAL 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETR I C 

FOOT 
NOTE 

2 
2 
2,4 
2 
2,4 
2 
2 
2 
1 
2,5 
2,4 

2,5 
2,5 
2 
2 
1 
2 
1 
2 

2 
1 
2,4 
2,4 

1 
1 
2,5 
2,5 

4) The stat. range is the 87.5X confidence interval due to a sample size of 4. The maximum is the 93.8X one sided confidence int. 
5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9X one sided confidence int • 

• • • 



c 
I 
w 
~ 
U'1 

• • TABLE D.7.18- GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT ALLUVIAL MONITOR WELLS 
SITE: MON01 MONUMENT VALLEY 
04/17/85 TO 11/24/92 .. 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I . COEFF. rX··OF • STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM. MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

BERYLLIUM I MG/L I 
0650 1 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0651 5 ** 0.0050 0.0050 0.0050 NA NA NA 100.0 ** 0.0050 0.0050 
0652 1 ** 0.0050 ** 0.0050 ** 0.0050 NA NA NA 100.0 NA .. - NA 
0653 4 ** 0.0050 0.0050 ** 0.0050 NA NA NA 100.0 ** 0.0050 0.0050 
0654 5 ** 0.0050 0.0050 0.0050 NA NA NA 100.0 ** 0.0050 0.0050 
0655 5 ** 0.0050 0.0050 0.0050 NA NA NA 100.0 ** 0.0050 0.0050 
0656 1 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0662 2 ** 0.0050 0.0050 ** 0.0050 NA NA NA 100.0 NA NA 
0669 1 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 

BORON I MG/L I '· 

0603 4 ** 0.0500 0.8000 + 0.1250 NA NA NA 50.0 ** 0.0500 0.8000 
0604 4 ** 0.0500 0.8000 + 0.1750 NA NA NA 50.0 ** 0.0500 0.8000 
0605 8 0.0500 0.4000 + 0.2000 NA NA NA 25.0 0.0500 0.4000 
0606 8 0.1500 3.2000 + 0.2000 0.3130 2.7905 NA o.o 0.1055 0.9289 
0650 3 ** 0.1000 0.3000 0.1000 NA NA NA 33.3 NA NA 
0651 7 0.0500 0.2000 0.0500 NA NA NA 71.4 0.0500 0.2000 
0652 3 0.0500 0.2000 0.0800 NA NA NA 33.3 NA NA 
0653 6 ** 0.0500 0.2000 + 0.0500 NA NA NA 83.3 ** 0.0500 0.2000 
0654 7 ** 0.0500 0.1000 0.0500 NA NA NA 85.7 ** 0.0500 0.1000 
0655 7 ** 0.0500 0.1000 0.0500 NA NA NA 85.7 ** 0.0500 0.1000 
0656 3 ** 0.1000 0.1000 ** 0.1000 NA NA NA 66.7 NA NA 
0662 4 0.0500 0.4000 + 0.1750 NA NA NA 25.0 0.0500 0.4000 
0669 3 ** 0.1000 0.1000 0.1000 NA NA NA 33.3 NA NA 

BROMIDE I MG/L J 
0603 2 0.1000 1.0000 + 0.5500 NA NA NA 50.0 NA NA 
0604 2 ** 0.1000 1.0000 + 0.5250 NA NA NA 100.0 NA NA 
0605 3 ** 0.1000 1.1000 1.0000 NA NA NA 66.7 NA NA 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples • 

DISTRIBUTION 
TYPE 

UNKNOWN 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

LOGNORMAL 
UNKNOWN 

NONPARAMETRIC 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 

UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 

FOOT 
NOTE 

1 
2,5 
1 
2,4 
2,5 
2,5 
1 
1 
1 

2,4 
2,4 
2 
7,8 
1 
2 
1 
2,6 
2 
2 
1 
2,4 
1 

1 
1 
1 

. 4> The stat. range is the 87.5X confidence interval due to a sample size of 4. The maximum is the 93.8X one sided confidence Int. 
5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9X one sided confidence Int. 
6) The stat. range is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int. 
7) The lognormal distribution was used because the data failed the normal distribution test. 
8) The mean is geometric; The standard deviation is the value to divide or multiply with the geometric mean. 
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TABLE D.7.18 ·GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT ALLUVIAL MONITOR WELLS 
SITE: MON01 MONUMENT VALLEY 
04/17/85 TO 11/24/92 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. X OF STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

BROMIDE I MG/L I -
0606 3 ** 0.1000 1.0000 0.5000 NA NA NA 100.0 NA NA 
0651 2 ** 0.1000 ** 0.1.000 ** 0.1000 NA ,,NA NA 100.0 NA NA 
0652 1 0.1000 0.1000 0.1000 NA NA NA 0.0 NA NA 
0653 2 ** 0.1000 0.2000 + 0.1250 NA NA NA 50.0 NA NA 
0654 2 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0655 2 ** 0.1000 0.5000 + 0.2750 NA NA NA 50.0 NA NA 
0662 1 0.2000 0.2000 0.2000 NA NA NA 0.0 NA NA 

CADMIUM I MG/L I 
0603 6 ** 0.0005 0.0050 + 0.0005 NA NA NA 83.3 ** 0.0005 0.0050 
0604 5 ** 0.0005 0.0060 0.0005 NA NA NA 80.0 ** 0.0005 0.0060 
0605 9 ** 0.0010 0.0170 ** 0.0010 NA NA NA n.8 ** 0.0010 0.0170 
0606 9 ** 0.0005 0.0020 0.0005 NA NA NA 88.9 ** 0.0005 0.0020 
0650 4 ** 0.0010 0.0040 ** 0.0010 NA NA NA 75.0 ** 0.0010 0.0040 
0651 9 ** 0.0010 0.0050 ** 0.0010 NA NA NA 88.9 ** 0.0010 0.0050 
0652 4 ** 0.0005 0.0005 + 0.0005 NA NA NA 100.0 ** 0.0005 0.0005 
0653 8 ** 0.0010 0.0030 ** 0.0010 NA NA NA 87.5 ** 0.0010 0.0030 
0654 8 ** 0.0010 0.0020 ** 0.0010 NA NA NA 87.5 ** 0.0010 0.0020 
0655 9 ** 0.0005 0.1200 0.0005 NA NA NA n.8 ** 0.0005 0.1200 
0656 3 ** 0.0010 0.0020 ** 0.0010 NA NA NA 66.7 NA NA 
0662 5 ** 0.0010 ** 0.0010 ** 0.0010 NA NA NA 100.0 ** 0.0010 ** 0.0010 
0669 4 ** 0.0005 0.0005 + 0.0005 NA NA NA 100.0 ** 0.0005 0.0005 

CALCIUM I MG/L I 
0603 6 17.9000 21.0000 + 19.4000 19.4500 1.0330 0.0531 0.0 18.0310 20.8690 
0604 5 17.3000 21.0000 20.0000 19.4400 1.4293 0.0735 0.0 17.0448 21.8352 
0605 9 81.3000 162.0000 116.0000 119.3667 25.0875 0.2102 0.0 95.1488 143.5845 
0606 9 211.0000 428.0000 266.0000 282.5556 72.5674 0.2568 0.0 212.5038 352.6073 
0650 4 9.0000 10.6000 + 9.8400 9.8200 0.7167 0.0730 0.0 8.1928 11.4472 
0651 9 9.6100 11.5000 11.0000 10.7122 0.6583 0.0615 0.0 10.0768 11.34n 
0652 4 25.3000 29.6000 + 27.7000 27.5750 1.9414 0.0704 0.0 23.1670 31.9830 

**The reported value Is the minimum detection limit of the data set 
+ The sample size Is even, so the median value Is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence Interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETR I C 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 
NONPARAMETRIC 

NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 

FOOT 
NOTE 

1 
1 
1 
1 
1 
1 
1 

2,6 
2,5 
2 
2 
2,4 
2 
2,4 
2 
2 
2 
1 
2,5 
2,4 

4) The stat. range is the 87.5X confidence Interval due to a sample size of 4. The maximum is the 93.8X one sided confidence int. 
5) The stat. range Is the 93.8X confidence Interval due to a sample size of 5. The maximum is the 96.9X one sided confidence int. 
6) The stat. range is the 96.9X confidence Interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int • 
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TABLE D.7.18 ·GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 

-AND CROSS GRADIENT ALLUVIAL MONITOR WELLS 
. SITE: MON01 MONUMENT VALLEY 

04/17/85 TO 11/24/92 ' 
REPORT DATE: 02/10/93 

' 
PARAMETER NAME I UNITS I COEFF. X OF STATISTICAL RANGE 

STANDARD OF "NON 98X CONFIDENCE INTERVAL 
LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

CALCIUM I MG/L I J . 
0653 8 81.8000 251.0000 + 178.0000 177.2250 58;2846 0.3289 0.0 115.4461 239.0039 
0654 8 32.9000 45.5000 + 41.9500 40.9500 3.6473 0.0891 0.0 37.0840 44.8160 
0655 9 390.0000 543.0000 433.0000 448.1111 52.1163 0.1163 0.0 397.8015 498.4207 
0656 3 74.7000 116.0000 110.0000 NA NA NA 0.0 NA NA 
0662 5 114.0000 167.0000 143.0000 140.8000 20.9093 0.1485 0.0 105.7620 175.8380 
0669 4 80.8000 110.0000 + 83.3000 89.3500 13.8257 0.1547 0.0 57.9587 120.7413 

CHLORIDE I MG/L . I 
:-··' 

0603 6 11.0000 15.0000 + 12.2500 12.4167 1.5052 0.1212 0.0 10.3489 14.4845 
0604 5 10.0000 15.0000 11.6000 11.9400 1.8810 0.1575 0.0 8.7881 15.0919 
0605 9 83.0000 259.0000 124.0000 151.4444 57.4415 0.3793 0.0 95.9942 206.8947 
0606 9 15.9000 25.0000 18.0000 18.6000 2.8156 0.1514 0.0 15.8820 21.3180 
0650 4 6.0000 9.0000 + 7.1500 7.3250 1.5086 0.2060 0.0 3.8998 10.7502 
0651 9 4.0000 13.1000 12.8000 11.3667 2.9770 0.2619 0.0 8.4929 14.2405 
0652 4 14.0000 17.0000 + 15.3000 15.4000 1.2302 0.0799 0.0 12.6069 18.1931 
0653 8 24.0000 42.0000 + 34.5000 34.1250 5. 7181 0.1676 0.0 28.0641 40.1859 
0654 8 0.5000 6.0000 + 5.3500 4.5625 1.8677 0.4094 12.5 2.5828 6.5422 
0655 9 26.6000 38.0000 34.0000 33.7333 3.6932 0.1095 0.0 30.1681 37.2985 
0656 3 21.0000 25.0000 23.0000 NA NA NA 0.0 NA NA 
0662 5 16.8000 20.0000 19.0000 18.6400 1.4792 0.0794 o.o 16.1613 21.1187 
0669 4 12.2000 17.0000 + 15.5000 15.0500 2.0680 0.1374 0.0 10.3546 19.7454 

CHROMIUM I MG/L I 
0603 5 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 ** 0.0100 ** 0.0100 
0604 5 ** 0.0100 0.0200 ** 0.0100 NA NA NA 80.0 ** 0.0100 0.0200 
0605 8 ** 0.0100 0.0400 ** 0.0100 NA NA NA 75.0 ** 0.0100 0.0400 
0606 9 ** 0.0100 0.0700 ** 0.0100 NA NA NA 66.7 ** 0.0100 0.0700 
0650 3 ** 0.0100 0.0900 0.0200 NA NA NA 33.3 NA NA 
0651 8 ** 0.0100 0.0500 ** 0.0100 NA NA NA 75.0 ** 0.0100 0.0500 
0652 4 ** 0.0100 0.0400 + 0.0125 NA NA NA 50.0 ** 0.0100 0.0400 
0653 7 ** 0.0100 0.0800 ** 0.0100 NA NA NA 71.4 ** 0.0100 0.0800 
0654 7 ** 0.0100 0.0700 ** 0.0100 NA NA NA 71.4 ** 0.0100 0.0700 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

NORMAL 
NORMAL 
NORMAL 
UNKNOWN 
NORMAL 
NORMAL 

NORMAL 
NORMAL 
NORMAL· 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
UNKNOWN 
NORMAL 
NORMAL 

NONPARAMETR I C 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

FOOT 
NOTE 

1 

1 

2,5 
2,5 
2 
2 
1 
2 
2,4 
2 
2 

4) The stat. range is the 87.5X confidence interval due to a sample size of 4. The maximum is the 93.8X one sided confidence int. 
5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9X one sided confidence int. 
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TABLE D.7.18 ·GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT ALLUVIAL MONITOR WELLS 
SITE: MON01 MONUMENT VALLEY 
04/17/85 TO 11/24/92:·, 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. X OF STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

CHROMIUM I MG/L I " " ' 
0655 8 ** 0.0100 0.0800 ** 0.0100 NA NA NA 75.0 ** 0.0100 0.0800 
0656 3 ** 0.0100 0.0900 0.0300 NA • NA NA 33.3 NA NA 
0662 5 ** 0.0100 o':o8oo ** 0.0100 NA ;;, NA NA 80.0 ** 0.0100 0.0800 
0669 4 ** 0.0100 0.0600 + 0.0125 NA NA NA 50.0 ** 0.0100 0.0600 

COBALT I MG/L I 
0603 4 ** 0.0300 0.0600 ** 0.0300 NA NA NA 75.0 ** 0.0300 0.0600 
0604 4 ** 0.0300 ** 0.0300 ** 0.0300 NA NA NA 100.0 ** 0.0300 ** 0.0300 
0605 8 ** 0.0300 0.0600 ** 0.0300 NA NA NA 87.5 ** 0.0300 0.0600 
0606 8 ** 0.0300 0.1200 ** 0.0300 NA NA NA 75.0 ** 0.0300 0.1200 
0650 3 ** 0.0500 ** 0.0500 ** 0.0500 NA NA NA 100.0 NA NA 
0651 7 ** 0.0300 ** 0.0300 ** 0.0300 NA NA NA 100.0 ** 0.0300 ** 0.0300 
0652 3 ** 0.0300 ** ·0.0300 ** 0.0300 NA NA NA 100.0 NA NA 
0653 6 ** 0.0300 0.1100 ** 0.0300 NA NA NA 66.7 ** 0.0300 0.1100 
0654 7 ** 0.0300 ** 0.0300 ** 0.0300 NA NA NA 100.0 ** 0.0300 ** 0.0300 
0655 7 ** 0.0300 0.1300 ** 0.0300 NA NA NA 85.7 ** 0.0300 0.1300 
0656 3 ** 0.0500 0.1000 0.0700 NA NA NA 33.3 NA NA 
0662 4 ** 0.0300 ** 0.0300 ** 0.0300 NA NA NA 100.0 ** 0.0300 ** 0.0300 
0669 3 ** 0.0500 0.0800 ** 0.0500 NA NA NA 66.7 NA NA 

COPPER I MG/L I 
0603 4 ** 0.0100 0.0100 + 0.0100 NA NA NA 100.0 ** 0.0100 0.0100 
0604 4 ** 0.0100 0.0100 + 0.0100 NA NA NA 100.0 ** 0.0100 0.0100 
0605 7 ** 0.0100 0.0100 0.0100 NA NA NA 100.0 ** 0.0100 0.0100 
0606 8 ** 0.0100 0.0300 + 0.0150 NA NA NA 50.0 ** 0.0100 0.0300 
0650 2 ** 0.0200 ** 0.0200 ** 0.0200 NA NA NA 100.0 NA NA 
0651 6 ** 0.0100 0.0200 + 0.0100 NA NA NA 83.3 ** 0.0100 0.0200 
0652 2 ** 0.0100 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0653 6 ** 0.0100 0.0400 + 0.0100 NA NA NA 83.3 ** 0.0100 0.0400 
0654 6 ** 0.0100 0.0100 + 0.0100 NA NA NA 100.0 ** 0.0100 0.0100 
0655 7 ** 0.0100 0.0500 0.0100 NA NA NA 71.4 ** 0.0100 0.0500 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
1) A minimum of 4 samples ~~a.~st be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

NONPARAMETRIC 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETR I C 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 

UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

FOOT 
NOTE 

2 
1 
2,5 
2,4 

2,4 
2,4 
2 
2 
1 
2 
1 
2,6 
2 
2 
1 
2,4 
1 

2,4 
2,4 
2 
2 
1 
2,6 
1 
2,6 
2,6 
2 

4) The stat. range is the 87.5X confidence interval due to a sample size of 4. The maximum is the 93.8X one sided confidence int. 
5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9X one sided confidence int. 
6) The stat. range is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int • 
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• • TABLE D.7.18 ·GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT ALLUVIAL MONITOR WELLS 
SITE: .MONOL MONUMENT ~ALLEY. 
04/17/85 TO 11!24/92 :!, ;-., 

REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. X Of ... STATISTICAL RANGE 
STANDARD OF NON. 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

COPPER I MG/L I 
0656 3 ** 0.0200 0.0400 0.0300 NA NA NA 33.3 NA NA 
0662 3 ** 0.0100 0.0100 0.0100 NA NA NA 100.0 NA NA 
0669 3 ** 0.0200 0.0400 ** 0.0200 NA NA NA 66.7 NA NA 

CYANIDE I MG/L I 
0603 3 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0604 3 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0605 4 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 ** 0.0100 ** 0.0100 
0606 5 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 ** 0.0100 ** 0.0100 
0650 2 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0651 3 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0652 1 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0653 4 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 ** 0.0100 ** 0.0100 
0654 3 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0655 4 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 ** 0.0100 ** 0.0100 
0656 3 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0662 2 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0669 3 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 

DISSOLVED OXYGEN I MG/L I 
0603 1 0.0000 0.0000 0.0000 NA NA NA o.o NA NA 
0604 1 0.4000 0.4000 0.4000 NA NA NA 0.0 NA NA 
0605 1 0.0000 0.0000 0.0000 NA NA NA 0.0 NA NA 
0606 1 0.7000 0.7000 0.7000 NA NA NA 0.0 NA NA 
0653 1 1.8000 1.8000 1.8000 NA NA NA 0.0 NA NA 
0655 1 5.3000 5.3000 5.3000 NA NA NA 0.0 NA NA 
0662 1 9.2000 9.2000 9.2000 NA NA NA 0.0 NA NA 

FLUORIDE I MG/L I 
0603 4 0.1000 0.7000 + 0.2000 0.3000 0.2708 0.9027 0.0 ** 0.1000 0.9149 
0604 4 0.1000 0.5000 + 0.2000 0.2500 0.1732 0.6928 0.0 ** 0.1000 0.6433 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value fs the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence Interval, « = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametrfc distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

UNKNOWN 
UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
UNKNOWN 

NONPARAMETRIC 
UNKNOWN 
UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKN~ 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NORMAL 
NORMAL 

FOOT 
NOTE 

1 
1 
1 

1 
1 
2,4 
2,5 
1 
1 
1 
2,4 
1 
2,4 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 

4) The stat. range is the 87.5X confidence Interval due to a sample size of 4. The maximum fs the 93.8X one sided confidence int. 
5) The stat. range fs the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9X one sided conffdence·int. 

• 

-..·:· 



\ 
' 
.~;. 

~. 

: 
;.~ 

! 

·!:··, 
J· 

:;: 

,·· 
'· ;~:!· 

.. 

... 
•' 

: ' 

.;i 
~~ 

~ 
.: 

:~ ... c 
I ,-. w 

c.n 
0 

.,· 

• 

TABLE D.7.18 ·GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT ALLUVIAL MONITOR WELLS 
SITE: MON01 MONUMENT VALLEY 
04/17/85 TO 11/24/92~ 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. X OF STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

FLUORIDE I MG/L I 
0605 7 0.2000 0.6000 0.3000 0.3286 0.1254 0.3815 0.0 0.1797 0.4775 
0606 8 0.3000 0.8000 + 0.5500 0.5375 '_!'lf 0.1506 0.2802 0.0 0.3779 0.6971 
0650 2 0.4000 1.0000 + 0.7000 NA NA NA 0.0 NA NA 
0651 6 ** 0.1000 0.6000 + 0.2000 NA NA NA 16.7 ** 0.1000 0.6000 
0652 2 0.1000 0.8000 + 0.4500 NA NA NA 0.0 NA NA 
0653 6 ** 0.1000 0. 7000 + 0.2000 NA NA NA 16.7 ** 0.1000 0.7000 
0654 6 ** 0.1000 0.5000 + 0.2000 NA NA NA 16.7 ** 0.1000 0.5000 
0655 7 ** 0.1000 0.2000 0.1000 NA NA NA 28.6 ** 0.1000 0.2000 
0656 3 ** 0.1000 0.2000 0.2000 NA NA NA 33.3 NA NA 
0662 3 ** 0.1000 0.6000 ** 0.1000 NA NA NA 66.7 NA NA 
0669 3 ** 0.1000 0.3000 0.2000 NA NA NA 33.3 NA NA 

GROSS ALPHA I PCI/L I 
0603 5 ** 0.2000 5.9000 4.8000 NA NA NA 0.0 ** 0.2000 5.9000 
0604 4 0.5000 5.0000 + 1.9000 2.3250 1.9449 0.8365 0.0 ** 0.2000 6.7408 
0605 6 ** 0.2000 38.0000 + 3.0000 NA NA NA 16.7 ** 0.2000 38.0000 
0606 6 ** 0.2000 30.0000 + 10.8500 NA NA NA 16.7 ** 0.2000 30.0000 
0650 3 1.0000 .3.0000 1.6000 NA NA NA 0.0 NA NA 
0651 6 ** 0.2000 17.0000 + 5.9000 NA NA NA o.o ** 0.2000 17.0000 
0652 4 1.6000 6.8000 + 4.8500 4.5250 2.1562 0.4765 0.0 ** 0.2000 9.4206 
0653 6 ** 0.2000 112.0000 + 7.6500 NA NA NA 16.7 ** 0.2000 112.0000 
0654 5 0.2000 3.0000 1.8000 1.6400 1.2198 0.7438 0.0 ** 0.2000 3.6841 
0655 6 ** 0.2000 120.0000 + 10.5000 NA NA NA 0.0 ** 0.2000 120.0000 
0656 2 ** 0.2000 7.0000 + 3.5500 NA NA NA 50.0 NA NA 
0662 4 8.5000 27.3000 + 26.5000 22.2000 9.1502 0.4122 0.0 1.4244 42.9756 
0669 3 1.2000 16.0000 14.0000 NA NA NA 0.0 NA NA 

GROSS BETA I PCI/L I 
0603 5 2.2000 5.4000 4.2000 3.8800 1.2478 0.3216 0.0 1.7891 5.9709 
0604 4 1.7000 '6.7000 + 2.3500 3.2750 2.3472 0.7167 0.0 ** 0.5000 8.6042 
0605 6 ** 0.5000 22.0000 + 5.3500 NA NA NA 0.0 ** 0.5000 22.0000 

**The reported value Is the minimum detection limit of the data set 
+ The sample size Is even, so the median value Is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

NORMAL 
NORMAL 
UNKNOWN 

NONPARAMETRIC 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NORMAL 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 

NORMAL 
NONPARAMETRIC 

NORMAl 
NONPARAMETRIC 

UNKNOWN 
NORMAL 
UNKNOWN 

NORMAL 
NORMAL 

NONPARAMETRIC 

FOOT 
NOTE 

1 
2,6 
1 
2,6 
2,6 
2 
1 
1 
1 

9,5 

2,6 
2,6 
1 
9,6 

2,6 

9,6 
1 

1 

9,6 

5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum fs the 96.9X one sided confidence int. 
6) The stat. range fs the 96.9X confidence Interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int. 
9) The nonparametfc distribution was used because the data failed the normal distribution test and includes values ~0 • 
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• • TABLE D.7.18 ·GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT ALLUVIAL MONITOR WELLS 
SITE: MON01,- MONUMENT VALLEY,. 1:. 
04/17/85 TO 11/24/92 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. -X OF STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

GROSS BETA I PCI/L I 
0606 6 16.1000 42.0000 + 26.0000 26.1833 9.4953 0.3626 0.0 13.1390 39.2276 
0650 3 2.8000 6.4000 2.9000 NA NA NA 0.0 NA • NA 
0651 6 2.0000 8.0000 + 4.7000 5.0000 2.1090 0.4218 0.0 2.1027 7.8913 
0652 4 3.3000 11.0000 + 7.2000 1.1150 3.1479 0.4387 0.0 ** 0.5000 14.3223 
0653 6 3.0000 60.8000 + 9.4000 9.2916 2.8614 NA 0.0 2.1921 39.3841 
0654 5 2.6000 7.2000 4.3000 4.5800 1.6544 0.3612 0.0 1.8077 7.3523 
0655 6 24.1000 80.0000 + 49.5000 49.6500 24.1583 0.4866 0.0 16.4624 82.8376 
0656 2 26.0000 35.0000 + 30.5000 NA NA NA 0.0 NA NA 
0662 4 9.1000 13.8000 + 12.0000 11.8150 1.6800 0.1415 o.o 8.0605 15.6895 
0669 3 7.2000 13.0000 8.3000 NA NA NA 0.0 NA NA 

I MG/L ' I IRON 

0603 5 ** 0.0300 0.1000 ** 0.0300 NA NA NA 80.0 ** 0.0300 0.1000 
0604 5 ** 0.0300 0.0900 ** 0.0300 NA NA NA 80.0 ** 0.0300 0.0900 
0605 8 ** 0.0300 0.2200 + 0.1300 0.1244 0.0658 0.5287 12.5 0.0547 0.1941 
0606 9 ** 0.0300 0.1100 0.0600 NA NA NA 33.3 ** 0.0300 0.1100 
0650 3 ** 0.0300 0.2100 0.0400 NA NA NA 33.3 NA NA 
0651 8 ** 0.0300 0.0600 ** 0.0300 NA NA NA 87.5 ** 0.0300 0.0600 
0652 4 ** 0.0300 0.0600 ** 0.0300 NA NA NA 15.0 ** 0.0300 0.0600 
0653 1 ** 0.0300 3.5000 ** 0.0300 NA NA NA 57.1 ** 0.0300 3.5000 
0654 1 ** 0.0300 0.2000 ** 0.0300 NA NA NA 57.1 ** 0.0300 0.2000 
0655 8 ** 0.0300 0.0900 + 0.0150 NA NA NA 37.5 ** 0.0300 0.0900 
0656 3 ** 0.0300 0.0700 0.0400 NA NA NA 33.3 NA NA 
0662 5 ** 0.0300 0.0600 0.0300 NA NA NA 40.0 ** 0.0300 0.0600 
0669 4 ** 0.0300 0.0400 ** 0.0300 NA NA NA 15.0 ** 0.0300 0.0400 

LEAD I MG/L I 
0603 4 ** 0.0050 0.0050 + 0.0050 NA NA NA 100.0 ** 0.0050 0.0050 
0604 4 ** 0.0050 0.0050 + 0.0050 NA NA NA 100.0 ** 0.0050 0.0050 
0605 1 ** 0.0050 0.0050 0.0050 NA NA NA 100.0 ** 0.0050 0.0050 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so. the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

NORMAL 
UNKNOWN 
NORMAL 
NORMAL 
LOGNORMAL 
NORMAL 
NORMAL 
UNKNOWN 
NORMAL 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETR I C 

NORMAL 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 
NONPARAMETR I C 
NONPARAMETR I C 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRJC 
NONPARAMETRJC 

NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRJC 

FOOT 
NOTE 

1 

7,8 

1 

1 

2,5 
2,5 

2 
1 
2 
2,4 
2 
2 
2 
1 
2,5 
2,4 

2,4 
2,4 
2 

4) The stat. range is the 87.5X confidence interval due to a sample size of 4. The maximum is the 93.8X one sided confidence int. 
5) The stat. range is the 93.8X confidence interval due to a sample-size of 5. The maximum is the 96.9X one sided confidence int. 
7) The lognormal distribution was used because the data failed the normal distribution test. • · 
8) The mean is geometric. The standard deviation is the value to divide or multiply with the geometric mean. 
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TABLE D.7.18- GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT ALLUVIAL MONITOR WELLS 
SITE: MON01. MONUMENT VALLEY 
04/17/85 TO 11/24/92 ;• 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. X OF STATISTICAL RANGE 
STANDARD OF NON 98% CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MED.AN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM* 

LEAD I MG/L I 
0606 7 ** 0.0050 0.0050 0.0050 NA NA NA 100.0 ** 0.0050 0.0050 
0650 3 ** 0.0100 ** 0.0100 ** 0.0100 NA N~ NA 100.0 NA NA 
0651 7 ** 0.0050 o.ooso 0.0050 NA NA NA 100.0 ** 0.0050 0.0050 
0652 3 ** 0.0050 0.0050 0.0050 NA NA NA 100.0 NA NA 
0653 6 ** 0.0050 0.0050 + 0.0050 NA NA NA 100.0 ** 0.0050 0.0050 
0654 7 ** 0.0050 0.0050 0.0050 NA NA NA 100.0 ** 0.0050 0.0050 
0655 6 ** 0.0050 0.0100 + 0.0050 NA NA NA 83.3 ** 0.0050 0.0100 
0656 3 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0662 4 ** 0.0050 0.0050 + 0.0050 NA NA NA 100.0 ** 0.0050 0.0050 
0669 3 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 

LEAD-210 I PCI/L J 
0603 2 ** 1.5000 ** ·1.5000 ** 1.5000 NA NA NA 0.0 NA NA 
0604 2 ** 1.5000 ** 1.5000 ** 1.5000 NA NA NA 0.0 NA NA 
0605 2 ** 1.3000 ** 1.3000 ** 1.3000 NA NA NA 0.0 NA NA 
0606 3 ** 1.5000 ** 1.5000 ** 1.5000 NA NA NA 33.3 NA NA 
0650 1 1.8000 1.8000 1.8000 NA NA NA 0.0 NA NA 
0651 1 ** 1.5000 ** 1.5000 ** 1.5000 NA NA NA 0.0 NA NA 
0652 1 ** 1.5000 ** 1.5000 ** 1.5000 NA NA NA 0.0 NA NA 
0653 2 ** 1.5000 ** 1.5000 ** 1.5000 NA NA NA 0.0 NA NA 
0654 1 ** 1.5000 ** 1.5000 ** 1.5000 NA NA NA 100.0 NA NA 
0655 2 ** 1.5000 ** 1.5000 ** 1.5000 NA NA NA 0.0 NA NA 
0656 2 ** 1.5000 ** 1.5000 ** 1.5000 NA NA NA 0.0 NA NA 
0662 1 ** 1.5000 ** 1.5000 ** 1.5000 NA NA NA 0.0 NA NA 
0669 2 ** 1.5000 1.6000 ** 1.5000 NA NA NA o.o NA NA 

MAGNESIUM I MG/L I 
0603 6 13.0000 14.4000 + 13.5000 13.6167 0.5672 0.0417 0.0 12.8375 14.3958 
0604 5 11.1000 12.2000 11.8000 11.7600 0.4037 0.0343 0.0 11.0835 12.4365 
0605 9 75.2000 175.0000 108.0000 117.0667 33.4168 0.2855 0.0 84.8083 149.3250 
0606 9 113.0000 160.0000 132.0000 132.8889 17.0913 0.1286 0.0 116.3901 149.3877 
0650 4 4.5600 6.5100 + 6.0900 5.8125 0.8657 0.1489 0.0 3.8469 . 7.7781 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15% of the samples. 

DISTRIBUTION 
TYPE 

NONPARAMETRIC 
UNKNOWN 

NONPARAMETRIC 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 

UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 

FOOT 
NOTE 

2 
1 
2 
1 
2,6 
2 
2,6 
1 
2,4 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

4) The stat. range is the 87.5% confidence interval due to a sample size of 4. The maximum is the 93.8% one sided confidence int. 
6) The stat. range is the 96.9% confidence interval due to a sample size of 6. The maximum is the 98.5% one sided confidence int • 
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• • ·"" TABLE D.7.18 ·GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT ALLUVIAL MONITOR WELLS 
SITE: MON01 ~MONUMENT VALLEY 
04/17/85 T0."11/24/92 : 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I . ·.:~ .... COEFF. .X OF • STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

MAGNESIUM I MG/L I ~·--
'-·-~ 

0651 9 4.9000 5.6100 5.3200 5.2489 0.2555 0.0487 0.0 5.0023 5.4955 
0652 4 12.3000 14.0000 + 12.4500 12.'8000 0.8042 0.0628 0.0 10.9742 14.6258 
0653 8 69.0000 200.0000 + 146.5000 139.8250 47;3210 0.3384 0.0 89.6670 189.9830 
0654 8 15.9000 20.5000 + 18.3000 18.1375 1.4172 0.0781 0.0 16.6354 19.6396 
0655 9 295.0000 407.0000 319.0000 333.4444 40.5404 0.1216 0.0 294.3094 3n.5795 
0656 3 65.7000 87.1000 83.3000 NA NA NA 0.0 NA NA 
0662 5 84.6000 105.0000 96.2000 94.5800 8.9990 0.0951 0.0 79.5003 109.6597 
0669 4 62.2000 78.0000 + 72.0000 71.0500 60.~937 0.0928 0.0 56.0790 86.0210 

MANGANESE I MG/L I 
0603 5 ** 0.0100 0.0900 0.0100 . NA NA NA 40.0 ** 0.0100 0.0900 
0604 5 ** 0.0100 0.0300 0.0100 NA NA NA 40.0 ** 0.0100 0.0300 
0605 8 0.0200 0.0600 + 0.0450 0.0425 0.0149 0.3501 0.0 0.0267 0.0583 
0606 9 0.0900 0.5800 0.1400 0.1989 0.1502 0.7552 0.0 0.0539 0.3439 
0650 3 ** 0.0100 0.0500 0.0100 NA NA NA 33.3 NA NA 
0651 8 0.0200 0.0700 + 0.0300 0.0325 0.0158 0.4865 0.0 0.0157 0.0493 
0652 4 ** 0.0100 0.0300 ** 0.0100 NA NA NA 50.0 ** 0.0100 0.0300 
0653 7 ** 0.0100 0.0500 ** 0.0100 NA NA NA 57.1 ** 0.0100 0.0500 
0654 7 0.0400 0.1000 0.0400 0.0514 0.0219 0.4264 0.0 0.0254 0.0775 
0655 8 0.0400 0.1900 + 0.0800 0.0987 0.0464 0.4701 o.o 0.0495 0.1480 
0656 3 0.0100 0.0500 0.0200 NA NA NA 0.0 NA NA 
0662 5 ** 0.0100 0.0700 ** 0.0100 NA NA NA 60.0 ** 0.0100 0.0700 
0669 4 ** 0.0100 0.0400 + 0.0125 NA NA NA 50.0 ** 0.0100 0.0400 

MERCURY I MG/L I 
0603 3 ** 0.0002 0.0002 ** 0.0002 NA NA NA 66.7 NA NA 
0604 3 ** 0.0002 ** 0.0002 ** 0.0002 NA NA NA 100.0 NA NA 
0605 5 ** 0.0002 ** 0.0002 ** 0.0002 NA NA NA 100.0 ** 0.0002 ** 0.0002 
0606 6 ** 0.0002 ** 0.0002 ** 0.0002 NA NA NA 100.0 ** 0.0002 ** 0.0002 
0650 2 ** 0.0002 ** 0.0002 ** 0.0002 NA NA NA 100.0 NA NA 
0651 4 ** 0.0002 ** 0.0002 ** 0.0002 NA NA NA 100.0 ** 0.0002 ** 0.0002 

**The reported value is the minimum detection limit of the data set 
+ The sample size Is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum Is the 99 percent one sided confidence Interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 

DISTRIBUTION 
TYPE 

NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
UNKNOWN 
NORMAL 
NORMAL 

NONPARAMETRIC 
NONPARAMETRJC 

NORMAL 
NORMAL 
UNKNOWN 
NORMAL 

NONPARAMETRIC 
NONPARAMETRIC 

NORMAL 
NORMAL 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRJC 

UNKNOWN 
NONPARAMETRJC 

FOOT 
NOTE 

1 

2,5 
2,5 

1 

2,4 
2 

1 
2,5 
2,4 

1 
1 
2,5 
2,6 
1 
2,4 

2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 
4) The stat. range is the 87.5X confidence interval due to a sample size of 4. The maximum is the 93.8X one sided confidence Int. 
5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9X one sided confidence int. 
6) The stat. range Is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence Int. 
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TABLE D.7.18 ·GROUNDWATER QUALITY STATISTICS BY LOCATION: All DOWNGRADIENT 
AND CROSS GRADIENT ALLUVIAL MONITOR WELLS 
SITE: MON01 MONUMENT VALLEY· 
04/17/85 TO 11/24/92 
REPORT DATE: 02/10/93 ~ 

PARAMETER NAME I UNITS I COEFF. X OF STATISTICAL RANGE 
STANDARD OF NON 98% CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

MERCURY I MG/l I 
0652 1 ** 0.0002 ** 0.0002 ** 0.0002 NA NA NA 100.0 NA NA 
0653 4 ** 0.0002 ** 0.0002 ** 0.0002 NA NA NA 100.0 ** 0.0002 ** 0.0002 
0654 4 ** 0.0002 ** 0.0002 ** 0.0002 NA NA NA 100.0 ** 0.0002 ** 0.0002 
0655 5 ** 0.0002 ** 0.0002 ** 0.0002 NA NA NA 100.0 ** 0.0002 ** 0.0002 
0656 3 ** 0.0002 ** 0.0002 ** 0.0002 NA NA NA 100.0 NA NA 
0662 2 ** 0.0002 ** 0.0002 ** 0.0002 NA NA NA 100.0 NA NA 
0669 3 ** 0.0002 ** 0.0002 ** 0.0002 NA NA NA 100.0 NA NA 

MOLYBDENUM I MG/l I 
0603 6 ** 0.0100 0.1700 ** 0.0100 NA NA NA 66.7 ** 0.0100 0.1700 
0604 5 ** 0.0100 0.1900 ** 0.0100 NA NA NA 80.0 ** 0.0100 0.1900 
0605 9 ** 0.0100 0.2700 0.0300 NA NA NA 22.2 ** 0.0100 0.2700 
0606 9 ** 0.0100 0.1300 ** 0.0100 NA NA NA 55.6 ** 0.0100 0.1300 
0650 4 ** 0.0100 0.1900 + 0.0600 NA NA NA 25.0 ** 0.0100 . 0.1900 
0651 9 ** 0.0100 0.1000 ** 0.0100 NA NA NA 66.7 •• 0.0100 0.1000 
0652 4 ** 0.0100 0.3100 + 0.0925 NA NA NA 50.0 ** 0.0100 0.3100 
0653 8 ** 0.0100 0.3500 + 0.0175 NA NA NA 50.0 ** 0.0100 0.3500 
0654 8 ** 0.0100 0.1900 ** 0.0100 NA NA NA 62.5 ** 0.0100 0.1900 
0655 9 ** 0.0100 0.2400 ** 0.0100 NA NA NA 55.6 ** 0.0100 0.2400 
0656 3 ** 0.0100 0.3400 0.1800 NA NA NA 33.3 NA NA 
0662 5 ** 0.0100 0.1400 ** 0.0100 NA NA NA 60.0 ** 0.0100 0.1400 
0669 4· ** 0.0100 0.1600 + 0.0575 NA NA NA 50.0 ** 0.0100 0.1600 

NET GROSS ALPHA *** I PCI/l J 
0603 5 -0.7600 4.3000 2.8800 NA NA NA 0.0 -0.7600 4.3000 
0604 4 -0.8700 4.6600 + -0.4650 NA NA NA 0.0 -0.8700 4.6600 
0605 6 -8.9200 35.5300 + -1.9750 NA NA NA 0.0 -8.9200 35.5300 
0606 6 -15.6800 10.6500 + 1.6900 NA NA NA 0.0 -15.6800 10.6500 
0650 3 -0.7800 1.4200 -0.2500 NA NA NA 0.0 NA NA 

*** NET GROSS ALPHA (GROSS ALPHA • URANIUM) WITH 1 MG URANIUM = 686 PCI 
**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15% of the samples. 

DISTRIBUTION 
TYPE 

UNKNOWN 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 
NONPARAMETRIC 

NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 

FOOT 
NOTE 

1 
2,4 
2,4 
2,5 
1 
1 
1 

2,6 
2,5 
2 
2 
2,4 
2 
2,4 
2 
2 
2 
1 
2,5 
2,4 

9,5 
9,4 
9,6 
9,6 
1 

4) The stat. range is the 87.5% confidence interval due to a sample size of 4. The maximum is the 93.8% one sided confidence int. 
5) The stat. range is the 93.8% confidence interval due to· a sample size of 5. The maximum is the 96.9% one sided confidence int. 
6) The stat. range is the 96.9% confidence interval due to a sample size of 6. The maximum is the 98.5% one sided cOnfidence int. 
9) The nonparametic distribution was used because the data failed the normal distribution test and includes values ~0 • 
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TABLE D.7.18 ·GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT ALLUVIAL MONITOR WELLS 
SITE: MON01 MONUMENT VALLEY 
04/17/85 TO 11/24/92 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. ~X OF . STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

NET GROSS ALPHA *** I PCI/L I -•. 

0651 6 -0.9600 15.7000 + 5.3850 NA NA NA 0.0 ·0.9600 15.7000 
0652 4 -1.1400 6.4600 + 1.6250 NA NA NA 0.0 -1.1400 6.4600 
0653 6 -4.0200 105.1400 + 0.0350 NA NA NA 0.0 -4.0200 105.1400 
0654 5 ·0.3500 2.3800 0.2700 NA NA NA 0.0 -0.3500 2.3800 
0655 6 ·16.4600 97.6400 + ·7.3650 NA NA NA 0.0 ·16.4600 97.6400 
0656 2 ·6.2800 ·1.0300 + -3.6550 NA NA NA 0.0 NA NA 
0662 4 ·0.4200 15.6400 + 9.1750 NA NA NA 0.0 ·0.4200 15.6400 
0669 3 -4.9700 5.8500 3.3700 NA NA NA 0.0 NA NA 

NICKEL I MG/L ' I 
0603 4 ** 0.0400 ** 0.0400 ** 0.0400 NA NA NA 100.0 ** 0 •. 0400 ** 0.0400 
0604 4 ** 0.0400 ** 0.0400 ** 0.0400 NA NA NA 100.0 ** 0.0400 ** 0.0400 
0605 8 ** 0.0400 0.0700 ** 0.0400 NA NA NA 75.0 ** 0.0400 0.0700 
0606 8 ** 0.0400 0.0700 ** 0.0400 NA NA NA 75.0 ** 0.0400 0.0700 
0650 3 ** 0.0400 0.0600 0.0400 NA NA NA 33.3 NA NA 
0651 7 ** 0.0400 0.0700 ** 0.0400 NA NA NA 71.4 ** 0.0400 0.0700 
0652 3 ** 0.0400 0.0500 0.0400 NA NA NA 33.3 NA NA 
0653 6 ** 0.0400 0.1000 ** 0.0400 NA NA NA 83.3 ** 0.0400 0.1000 
0654 7 ** 0.0400 0.0600 ** 0.0400 NA NA NA 71.4 ** 0.0400 0.0600 
0655 7 ** 0.0400 0.1200 ** 0.0400 NA NA NA 71.4 ** 0.0400 0.1200 
0656 3 ** 0.0400 0.0800 ** 0.0400 NA NA NA 66.7 NA NA 
0662 4 ** 0.0400 0.0900 ** 0.0400 NA NA NA 75.0 ** 0.0400 0.0900 
0669 3 ** 0.0400 0.0700 0.0600 NA NA NA 33.3 NA NA 

NITRATE I MG/L I 
0603 6 1.0000 10.6000 + 3.0000 4.0050 3.4855 0.8703 0.0 ** 1.0000 8.7933 
0604 5 ** 1.0000 5.3000 2.3000 NA NA NA 40.0 ** 1.0000 5.3000 
0605 9 ** 0.1000 4.4300 1.0000 NA NA NA 33.3 ** 0.1000 4.4300 
0606 9 45.0000 1200.0000 1080.0000 993.5556 364.1250 0.3665 0.0 642.0535 1345.0576 

*** NET GROSS ALPHA (GROSS ALPHA • URANIUM) WITH 1 MG URANIUM = 686 PCI 
**The reported value fs the mininun detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maxinun is the 99 percent one sided confidence interval, a = 0.01 
1) A mininun of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the.nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 

UNKNOWN 

NONPARAMETRI C 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETR I C 

UNKNOWN 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 

UNKNOWN 

NORMAL 
NONPARAMETRIC 
NONPARAMETRIC 

NORMAL 

FOOT 
NOTE 

9,6 
9,4 
9,6 
9,5 
9,6 
1 
9,4 
1 

2,4 
2,4 
2 
2 
1 
2 
1 
2,6 
2 
2 
1 
2,4 
1 

2,5 
2 

4) The stat. range is the 87.5X confidence i.nterval due to a sample size of 4. The maxinun is the 93.8X one sided confidence int. 
5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maxinun is the 96.9X orie sided confidence int. 
6) The stat. range is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int. 
9) The nonparametic distribution was used because the data failed the normal distribution test and includes values ~0. 
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TABLE D.7.18 · GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT ALLUVIAL MONITOR WELLS 
SITE: MON01! MONUMENT VALLEY 
04/17/85 to' 11/24/92 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNI,TS I COEFF. X OF STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

LOC~ SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

NITRATE I MG/L I .. 
; . 

0650 4 0.5000 5.3000 + 0.5000 NA NA NA 50.0 0.5000 5.3000 
0651 9 ** 1.0000 8.0000 1.6000 NA NA NA 44.4 ** 1.0000 8.0000 
0652 4 5.0000 24.0000 + 20.8500 17.6750 8~6013 0.4866 0.0 ** 1.0000 37.2043 
0653 8 5.0000 64.6000 + 45.0000 37.9375 20.6326 0.5439 0.0 16.0679 59.8071 
0654 8 ** 0.1000 4.4000 + 0.5000 NA NA NA 50.0 ** 0.1000 4.4000 
0655 9 380.0000 1140.0000 656.0000 712.5556 234.3332 0.3289 0.0 486.3459 938.7652 
0656 3 360.0000 520.0000 460.0000 NA NA NA 0.0 NA NA 
0662 5 11.0000 98.0000 72.2000 57.8600 39.8765 0.6892 0.0 ** 1.0000 124.6815 
0669 4 10.0000 43.0000 + 26.7500 26.6250 14.5566 0.5467 0.0 ** 1.0000 59.6759 

NITRITE I MG/L J 
0603 2 ** 0.1000 0.3300 + 0.1900 NA NA NA 50.0 NA NA 
0604 2 ** 0.1000 0.3300 + 0.1900 NA NA NA 50.0 NA NA 
0605 2 *"' 0.1000 0.3300 + 0.1900 NA NA NA 50.0 NA NA 
0606 2 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0650 1 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0651 1 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0652 1 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0653 2 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0654 1 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0655 2 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0656 2 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0662 1 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0669 2 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 

NITRITE AND NITRATE I MG/L I 
0603 2 0.9000 1.1000 + 1.0000 NA · NA NA 0.0 NA NA 
0604 2 0.5300 1.1000 + 0.8150 NA NA NA 0.0 NA NA 
0605 3 0.6100 1.1000 1.0000 NA NA NA 0.0 NA NA 
0606 3 215.0000 1080.0000 240.0000 NA NA NA 0.0 NA NA 
0651 1 0.9700 0.9700 0.9700 NA NA NA 0.0 NA NA 
0652 1 4.8700 4.8700 4.8700 NA NA NA 0.0 NA NA 
0653 2 12.7000 648.0000 + 330.3500 NA NA NA 0.0 NA NA 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

NONPARAMETRIC 
NONPARAMETRIC 

NORMAL 
NORMAL 

NONPARAMETRIC 
NORMAL 
UNKNOWN 
NORMAL 
NORMAL 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

FOOT 
NOTE 

2,4 
2 

2 

1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1. 

4) The stat. range is the 87.5X confidence Interval due to a sample size of 4. The maximum is the 93.8X one sided confidence int • 
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TABLE D.7.18 ·GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT-ALLUVIAL MONITOR WELLS 
SITE: MON01 MONUMENT VALLEY 
04/17/S5 TO 11!24/92 ' 
REPORT DATE: 02/10/93 

PARAMETER NAME ·' I UNITS I ,; COEFF. ,~,OF,,_ - STATISTICAL RANGE 
STANDARD OF . NON 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

I MG/L I -· NITRITE AND NITRATE 
' ~- .. 

0654 1 0.7900 0.7900 0.7900 NA N~' NA 0.0 NA NA 
0655 2 108.0000 655.0000 + 381.5000 NA NA, NA o.o NA . , NA 
0662 1 16.3000 16.3000 16.3000 NA NA' NA 0.0 NA NA 

PH J su I 
0603 7 7.6200 8.1200 7.8300 NA NA NA 0.0 NA NA 
0604 6 7.8100 8.3100 + 8.1490 NA NA NA 0.0 NA NA 
0605 10 7.5500 7.9000 + 7.6899 NA NA.· NA 0.0 NA NA 
0606 11 6.8600 7.3300 7.1500 NA NA NA 0.0 NA NA 
0650 4 8.1600 9.6800 + 8.4943- NA NA NA 0.0 NA NA 
0651 10 7.9300 8.5900 + 8.2350; NA NA NA 0.0 NA NA 
0652 5 7.8600 8.0600 7.9400 NA NA NA 0.0 NA NA 
0653 10 7.4700 7.8900 + 7.5550 NA NA NA 0.0 NA NA 
0654 9 7.5400 7.8900 7.7400 NA NA NA 0.0 NA NA 
0655 10 7.0400 7.5000 + 7.1750 NA NA NA 0.0 NA NA 
0656 4 7.4400 7.6800 + 7.5800 NA NA NA 0.0 NA NA 
0662 6 6.7600 7.2400 + 7.0207 NA NA NA 0.0 NA NA 
0669 4 7.4200 7.6600 + 7.5682 NA NA NA 0.0 NA NA 

PHOSPHATE I MG/L I 
0603 3 0.1000 0.6000 0.3000 NA NA NA 0.0 NA NA 
0604 3 0.1000 0.6000 0.1000 NA NA NA 0.0 NA NA 
0605 5 0.2000 0.6000 0.4000 0.3800 0.1483 0.3903 0.0 0.1315 0.6285 
0606 6 ** 0.1000 0.6000 + 0.2500 NA NA NA 16.7 ** 0.1000 0.6000 
0650 2 0.4000 0.6000 + 0.5000 NA NA NA 0.0 NA NA 
0651 4 0.2000 0.6000 + 0.3500 0.3750 0.1708 0.4554 0.0 ** 0.1000 0.7628 
0652 1 0.5000 0.5000 0.5000 NA NA NA 0.0 NA NA 
0653 4 ** 0.1000 0.6000 + 0.3500 NA NA NA 25.0 ** 0.1000 0.6000 
0654 4 ** 0.1000 0.6000 + 0.2000 NA NA NA 25.0 ** 0.1000 0.6000 
0655 5 ** 0.1000 1.3000 0.4000 NA NA NA 20.0 ** 0.1000 1.3000 
0656 3 ** 0.1000 0.6000 ** 0.1000 NA NA NA 66.7 NA NA' 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

UNKNOWN 
UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
NORMAL 

NONPARAMETRIC 
UNKNOWN 
NORMAL 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 

FOOT 
NOTE 

1 
1 
1 

1 
1 

2,6 
1 

1 
2,4 
2,4 
2,5 
1 

4) The stat. range is the 87.5X confidence interval due to a sample size of 4.. The maximum is the 93.8X one sided confidence int. 
5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9X one sided confidence int. 
6) The stat. range is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int. 
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TABLE D.7.18 ·GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT ALLUVIAL MONITOR WELLS 
SITE: MON01 MONUMENT VALLEY 
04/17/85 TO 11/24/92· 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. X OF STATISTICAL RANGE 
STANDARD OF NON 98% CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

PHOSPHATE I MG/L I -. 
0662 2 ** 0.1000 0.1000 ** 0.1000 NA .NA NA 50.0 NA NA 
0669 3 ** 0.1000 0.3000 ** 0.1000 NA f.NA NA 66.7 NA NA ,, . .. 

POLONIUM-210 I PCI/L I 
0603 2 ** 1.0000 ** 1.0000 ** 1.0000 NA NA NA 50.0 NA NA 
0604 2 ** 1.0000 ** 1.0000 ** 1.0000 NA '· NA NA 100.0 NA NA 
0605 2 ** 1.0000 ** 1.0000 ** 1.0000 NA NA NA 100.0 NA NA 
0606 3 ** 1.0000 ** 1.0000 ** 1.0000 NA NA NA 100.0 NA NA 
0650 1 ** 1.0000 ** 1.0000 ** 1.0000 NA · NA NA 100.0 NA NA 
0651 1 1.9000 1.9000 1.9000 NA NA NA 0.0 NA NA 
0652 1 ** 1.0000 ** 1.0000 ** 1.0000 NA · NA NA 100.0 NA NA 
0653 2 ** 1.0000 ** 1.0000 ** 1.0000 NA NA NA 100.0 NA NA 
0654 1 ** 1.0000 ** 1.0000 ** 1.0000 NA NA NA 100.0 NA NA 
0655 2 ** 1.0000 ** 1.0000 ** 1.0000 NA NA NA 100.0 NA NA 
0656 2 ** 1.0000 ** 1.0000 ** 1.0000 NA NA NA 50.0 NA NA 
0662 1 ** 0.8000 ** 0.8000 ** 0.8000 NA NA NA 0.0 NA NA 
0669 2 ** 1.0000 ** 1.0000 ** 1.0000 NA NA NA 100.0 NA NA 

POTASSIUM I MG/L I 
0603 6 2.3000 2.6000 + 2.5450 2.4983 0.1227 0.0491 0.0 2.3298 2.6669 
0604 5 1.4000 2.0600 1.9000 1.8220 0.2571 0.1411 0.0 1.3911 2.2529 
0605 9 2.7500 3.8000 3.3000 3.2567 0.3214 0.0987 0.0 2.9464 3.5670 
0606 9 11.0000 16.0000 12.9000 13.0444 1.3740 0.1053 0.0 11.7181 14.3708 
0650 4 1.0000 2.4400 + 1.5050 1.6125 0.7196 0.4463 0.0 ** 0.0100 3.2464 
0651 9 1.7600 2.4700 2.1000 2.0311 0.2189 0.1078 0.0 1.8198 2.2425 
0652 4 2.8000 3.1300 + 3.0900 3.0275 0.1528 0.0505 0.0 2.6805. 3.3745 
0653 8 3.2400 4.1900 + 3.7100 3.7288 0.3484 0.0934 0.0 3.3594 4.0981 
0654 8 2.2000 3.0000 + 2.5000 2.5225 0.2258 0.0895 0.0 2.2831 2.7619 
0655 9. 25.0000 43.4000 32.1000 32.8667 6.9342 0.2110 0.0 26.1729 39.5604 
0656 3 18.3000 29.0000 27.7000 NA NA NA 0.0 NA NA 
0662 5 2.8300 4.2500 3.1000 3.4440 0.6514 0.189; 0.0 2.3524 4.5356 
0669 4 2.2000 3.4100 + 2.7350 2.7700 0.5206 0.1879 0.0 1.5880 3.9520 

RADIUM-226. I PCI/L ·I 
0603 5 ** 0.5000 1.7000 0.6000 0.9000 0.6964 o.m8 0.0 ** 0.5000 2.0670 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis • 

• 

DISTRIBUTION 
TYPE 

UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
UNKNOWN 
NORMAL 
NORMA~ 

NORMAL 

FOOT 
NOTE 

1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
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PARAMETER NAME 

LOC. SAMP MINIMUM 

RADIUM-226 

0604 5 ** 0.3000 ** 
0605 7 ** 0.1000 
0606 9 ** 0.3000 
0650 2 ** 0.3000 
0651 7 ** 0.1000 
0652 3 ** 0.3000 ** 
0653 7 ** 0.3000 
0654 6 ** 0.3000 
0655 8 ** 0.1000 
0656 3 ** 0.3000 
0662 4 ** 0.4000 ** 
0669 4 ** 0.2000 

RADIUM-226 + RADIUM-228 

0603 5 0.3000 
0604 5 0.2000 
0605 7 0.0000 

l UNI.TS 

MAXIMUM MEDIAN 

I PCI/l 

0.3000 ** 0.3000 
0.3000 0.1000 
1.0000 0.3000 
0.7000 + 0.4000 
0.1000 ** 0.1000 
0.3000 ** 0.3000 
0.5000 0.3000 
0.7000 + 0.3000 
0.4000 + 0.1000 
0.5000 ** 0.3000 
0.4000 ** 0.4000 
0.5000 ** 0.2000 

I PCI/l 

2.6000 1.9000 
0.7000 0.6000 
1.5000 0.5500 

• TABLE D.7.18 ·GROUNDWATER QUALITY STATISTICS BY LOCATION: All DOWNGRADIENT 
AND CROSS GRADIENT ALLUVIAL MONITOR WELLS 
SITE: MON01' MONUMENT VALLEY 
04/17/85 TO 11/24/92 ; 
REPORT DATE: 02/10/93 

J COEFF. ·~-:tbF STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL DISTRIBUTION 

MEAN DEVIATION VARIATION DETECTS MINIMUM. MAXIMUM * TYPE 

I 
NA NA NA 0.0 

'· 
** 0.3000 ** 0.3000 NONPARAMETRIC 

NA NA NA 14.3 ** 0.1000 0.3000 NONPARAMETRIC 
0.3444 0.2789 0.8097 11.1 ** 0.3000 0.6137 NORMAL 
NA NA NA 0.0 NA NA UNKNOWN 
NA NA NA 57.1 ** 0.1000 0.1000 NONPARAMETRIC 
NA NA NA 0.0 NA NA UNKNOWN 
NA NA .. NA 0.0 ** 0.3000 0.5000 NONPARAMETRIC 
0.3333 0.2066 0.6197 0.0 ** 0.3000 0.6171 NORMAL 
0.1563 0.1237 0.7920 12.5 ** 0.1000 0.2874 NORMAL 
NA NA NA 0.0 NA NA UNKNOWN 
NA NA NA 0.0 ** 0.4000 ** 0.4000 NONPARAMETRIC 
NA NA NA 0.0 ** 0.2000 0.5000 NONPARAMETRIC 

I 
1.5600 0.9711 0.6225 0.0 -0.0673 3.1873 NORMAL 
0.4600 0.2408 0.5235 0.0 0.0564 0.8636 NORMAL 
NA NA NA 0.0 0.0000 1.5000 NONPARAMETRIC 

• 
FOOT 
NOTE 

9,5 
9 

1 
2 
1 
9 

1 
9,4 
9,4 

9 
ln · .. 0606 9 0.6000 15.5000 1.0000 1.5129 2.7071 NA 0.0 0.5785 3.9566 LOGNORMAL 7,8 \0 0650 2 0.6000 0.9000 + 0.7500 NA NA NA 0.0 NA 

0651 7 0.3500 2.1000 0.5500 o.n14 0.6116 0.7928 0.0 0.0449 
0652 3 0.6000 1.3000 0.6000 NA NA NA 0.0 NA 
0653 7 0.6000 6.1000 1.6000 2.0286 1.9483 0.9604 0.0 -0.2858 
0654 6 0.5000 2.1000 + 0.8000 1.0500 0.5753 0.5479 0.0 0.2596 
0655 8 0.3000 2.7000 + 0.7000 0.9938 0.8020 0.8070 o.o 0.1437 
0656 3 0.3000 1.1000 0.6000 NA NA NA 0.0 NA 
0662 4 0.3000 3.0000 + 0.6500 0.7545 2.8042 NA 0.0 0.0726 
0669 4 0.6000 1.6000 + 0.8500 0.9750 0.4500 0.4615 0.0 -0.0467 

RADIUM-228 I PCI/L I 
0603 5 ** 1.0000 2.0000 ** 1.0000 NA NA NA 40.0 ** 1.0000 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 

NA 
1.4980 
NA 
4.3430 
1.8404 
1.8438 
NA 
7.8414 
1.9967 

2.0000 

2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

UNKNOWN 1 
NORMAL 
UNKNOWN 1 
NORMAL 
NORMAL 
NORMAL 
UNKNOWN 1 
LOGNORMAL 7,8 
NORMAL 

NONPARAMETRIC 2,5 

4) The &tat. range is the 87.5X confidence interval due to a sample size of 4. The maximum is the 93.8X one sided confidence int. 
5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum fs the 96.9X one sided confidence int. 
7) The lognormal distribution was used because the data failed the normal distribution test. 
8) The mean is geometric. The standard deviation is the value to divide or multiply with the geometric mean. 
9) The nonparametic distribution was used because the data failed the normal distribution test and includes values ~0. 
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TABLE D.7.18 · GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT ALLUVIAL MONITOR WELLS 
SITE: MON01 MONUMENT VALLEY 
04/17/85 TO 11/24/92 
REPORT DATE: 02/10/93 · 

PARAMETER NAME I UNITS I COEFF. % OF STATISTICAL RANGE 
STANDARD OF NON 98% CONFIDENCE INTERVAL DISTRIBUTION 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * TYPE 

RADIUM-228 I PCI/L I 
0604 5 ** 1.0000 ** 1.0000 ** 1.0000 NA NA NA 60.0 ** 1.0000 ** 1.0000 NONPARAMETRIC 
0605 7 ** 1.0000 1.4000 ** 1.0000 NA ,·NA NA 42.9 ** 1.0000 1.4000 NONPARAMETRIC 
0606 9 ** 1.0000 15.2000 ** 1.0000 NA NA NA 22.2 ** 1.0000 15.2000 NONPARAMETRIC 
0650 2 ** 1.0000 ** 1.0000 ** 1.0000 NA NA NA 50.0 NA NA UNKNOWN 
0651 7 ** 1.0000 2.0000 ** 1.0000 NA NA NA 42.9 ** 1.0000 2.0000 NONPARAMETRIC 
0652 3 ** 1.0000 1.3000 ** 1.0000 NA NA NA 33.3 NA NA UNKNOWN 
0653 7 ** 1.0000 5.6000 1.2000 1.0909 2.9215 NA 14.3 ** 1.0000 3.8984 LOGNORMAL 
0654 6 ** 1.0000 1.4000 ** 1.0000 NA NA NA 33.3 ** 1.0000 1.4000 NONPARAMETRIC 
0655 8 ** 0.9000 2.6000 ** 0.9000 NA NA NA 25.0 ** 0.9000 2.6000 NONPARAMETRIC 
0656 3 ** 1.0000 ** ·1.0000 ** 1.0000 NA NA NA 33.3 NA NA UNKNOWN 
0662 4 ** 1.0000 2.9000 ** 1.0000 ** 1.0000 4.1396 NA 0.0 ** 1.0000 12.5015 LOGNORMAL 
0669 4 ** 1.0000 1.6000 ** 1.0000 NA NA NA 75.0 ** 1.0000 1.6000 NONPARAMETRIC 

REDOX POTENTIAL I mVOLTS I 
0603 1 437.4000 437.4000 437.4000 NA NA NA 0.0 NA NA UNKNOWN 
0604 1 453.1000 453.1000 453.1000 NA NA NA 0.0 NA NA UNKNOWN 
0605 1 441.5000 441.5000 441.5000 NA NA NA 0.0 NA NA UNKNOWN 
0606 1 481.7000 481.7000 481.7000 NA NA NA 0.0 NA NA UNKNOWN 
0652 1 455.9000 455.9000 455.9000 NA NA NA 0.0 NA NA UNKNOWN 
0653 1 443.1000 443.1000 443.1000 NA NA NA 0.0 NA NA UNKNOWN 
0654 1 111 .• 7000 111.7000 111.7000 NA NA NA 0.0 NA NA UNKNOWN 
0655 1 457.9000 457.9000 457.9000 NA NA NA 0.0 NA NA UNKNOWN 
0656 1 423.7000 423.7000 423.7000 NA NA NA 0.0 NA NA UNKNOWN 
0662 1 431.0000 431.0000 431.0000 NA NA NA 0.0 NA NA UNKNOWN 

SELENIUM I MG/L I 
0603 5 ** 0.0050 ** 0.0050 ** 0.0050 NA NA NA 100.0 ** 0.0050 ** 0.0050 NONPARAMETRIC 
0604 4 ** 0.0050 0.0070 ** 0.0050 NA NA NA 75.0 ** 0.0050 0.0070 NONPARAMETRIC 
0605 8 ** 0.0050 0.0160 ** 0.0050 NA NA NA 75.0 ** 0.0050 0.0160 NONPARAMETRIC 
0606 ·8 ** 0.0050 0.0150 ** 0.0050 NA NA NA 87.5 ** 0.0050 0.0150 NONPARAMETRIC 

**The reported value is the minimum detection limit of the data set 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution .was used because the nondetected values comprise more than 15% of the samples. 

FOOT 
NOTE 

2,5 
2 
2 
1 
2 
1 
7,8 
2,6 
2 
1 
7,8 
2,4 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

2,5 
2,4 
2 
2 

4) The stat. range is the 87.5% confidence interval due to a sample size of 4. The maximum is the 93.8% one sided confidence Int •. 
5) The stat. range is the 93.8% confidence interval due to a sample size of 5. The maximum Is the 96.9% one sided confidence Int. 
6) The stat. range is the 96.9% confidence interval due to a sample size of 6. The maximum is the 98.5% one sided confidence Int. 
7) The lognormal distribution was used because the data failed the normal distribution test. 
8) The mean is geometric. The standa~d deviation is the value to divide or multiply with the geometric mean • 

• • 



c 
I 

w 
0'1 ..... 

• • TABLE D.7.18 ·GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT ALLUVIAL MONITOR WELLS 
SITE: MOND1 MONUMENT VALLEY 
D4/17/85 TO 11/24/92 ' 
REPORT DATE: D2/1D/93 

PARAMETER NAME I UNITS I COEFF. ,,% OF STATISTICAL RANGE 
STANDARD OF {,NON 98% CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

SELENIUM I MG/L I 
D65D 4 ** D.OD50 ** 0.0050 ** D.DD5D NA NA NA 1DD.D ** D.DD5D ** O.DD5D 
D651 8 ** 0.005D ** 0.005D ** D.DD5D NA NA NA 1DD.D ** O.OD5D ** D.OD50 
0652 3 ** D.DD50 0.015D ** O.DD5D NA NA NA 66.7 

.. 
NA .. NA 

D653 7 ** D.OD50 O.D160 ** D.DD5D NA NA NA 71.4 ** D.D050 O.D16D 
D654 7 ** D.DD50 ** D.DD50 ** O.DD5D NA NA NA 1DD.O ** O.OD5D ** D.DD50 
0655 8 ** O.DD50 O.D1DO ** O.D05D NA NA NA 75.D ** O.OD5D D.D1DD 
D656 3 ** D.OD50 0.011D ** O.OD5D NA NA NA 66.7 NA NA 
0662 4 ** O.OD5D O.OD70 ** O.DD5D NA NA NA 50.D ** 0.005D 0.007D 
0669 4 ** D.OD5D D.OD9D ** D.DD50 NA NA NA 5D.D ** O.OD5D 0.0090 

SILICA · SI02 I MG/L ; I 
06D3 4 11.00DD 12.5DDD + 12.0DD0 11.8750 0.6292 O.D53D O.D 1D.4465 13.3D35 
06D4 4 11.DDDD 13.2DDD + 12.5DDD 12.30DD 1.0132 O.D824 D.D 9.9994 14.6D06 
D6D5 7 D.280D 33.DDDD 26.000D 24.1114 1D.9225 0.4530 D.D 11.1362 37.D867 
06D6 8 10.0DOD 23.DDDO + 21.0DDD 19.8125 4.1D52 o.2Dn O.D 15.4612 24.1638 
065D 2 12.00DD 13.00DD + 12.5DD0 NA NA NA O.D NA NA 
D651 6 9.00DD 11.3DDD + 11.0DDO 1D.7500 D.8666 D.0806 D.D 9.5595 11.94D5 
D652 2 9.DDOD 15.8DDD + 12.4DDD NA NA NA O.D NA NA 
0653 6 5.DDOO 15.8DDO + 14.5DDD 12.4833 4.21D7 0.3373 O.D 6.6989 18.2678 
0654 6 10.DODD 13.6DDD + 13.0DD0 12.60DD 1.2961 D.1029 O.D 1D.8194 14.3806 
D655 7 7.DDOD 16.0DDD 15.60DO 14.0429 3.2259 D.2297 D.D 1D.21D7 17.875D 
0656 3 5.DDOD 13.0DDD 11.00DD NA NA NA D.D NA NA 
0662 3 19.0DOO 32.0DDO 2D.ODDD NA NA NA D.D NA NA 
0669 3 5.0DOD 15.DOOO 11.0DOO NA NA NA D.D NA NA 

SILVER 1 MG/L J 
D603 4 ** 0.010D ** D.0100 ** O.D100 NA NA NA 1DD.D ** 0.01DD ** 0.010D 
D604 4 ** D.D10D ** D.D1DD ** 0.01DO NA NA NA 1DD.D ** O.D1DD ** O.D10D 
0605 7 ** D.D10D ** D.010D ** 0.01DO NA NA NA 1DD.D ** D.D10D ** D.01DD 
0606 8 ** 0.010D ** D.01DO ** D.D100 NA NA NA 1DD.D ** O.D10D ** O.D1DD 
065D 2 ** 0.01DO ** 0.01DD ** 0.01DD NA NA NA 1DD.D NA NA 
D651 6 ** D.010D ** D.010D ** 0.01DO NA NA NA 1DD.D ** O.D1DO ** 0.01DO 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = O.D1 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15% of the samples. 

DISTRIBUTION 
TYPE 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 
NONPARAMETRIC 

NORMAL 
NORMAL 
NORMAL 
NORMAL 
UNKNOWN 
NORMAL 
UNKNOWN 
NORMAL 
NORMAL 
NORMAL 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 

FOOT 
NOTE 

2,4 
2 
1 
2 
2 
2 
1 
2,4 
2,4 

1 

1 

1 
1 
1 

2,4 
2,4 
2 
2 
1 
2,6 

4) The stat. range is the 87.5% confidence interval due to a sample size of 4. The maximum is the 93.8% one sided confidence Int. 
6) The stat. range is the 96.9% confidence interval due to a sample size of 6. The maximum is the 98.5% one sided confidence Int. 
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TABLE D.7.18 • GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT ALLUVIAL MONITOR WELLS 
SITE: MON01 MONUMENT VALLEY 
04/17/85 TO 11/24/92 ·"'' 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. X OF STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

SILVER I MG/L I 
0652 2 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0653 6 ** 0.0100 ** O.Q100 ** 0.0100 NA ~·NA NA 100.0 ** 0.0100 ** 0.0100 
0654 6 ** 0.0100 ** 0.0100 ** 0.0100 NA ~1NA NA 100.0 ** 0.0100 ** 0.0100 
0655 7 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 ** 0.0100 ** 0.0100 
0656 3 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0662 3 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0669 3 ** 0.0100 ** 0.0100 ** 0.0100 NA 'NA NA 100.0 NA NA 

SODIUM I MG/L I 
0603 6 94.0000 112.0000 + 99.7500 102.0833 ·6.6213 0.0649 0.0 92.9873 111.1794 
0604 5 96.1000 122.0000 110.0000 107.6000 10.7100 0.0995 0.0 89.6531 125.5469 
0605 9 257.0000 625.0000 350.0000 422.8889 154.3668 0.3650 0.0 273.8735 571.9043 
0606 9 95.0000 200.0000 102.0000 115.3444 34.6043 0.3000 0.0 81.9398 148.7491 
0650 4 89.9000 96.4000 + 92.4000 92.7750 2.8617 0.0308 0.0 86.2776 99.2724 
0651 9 121.0000 143.0000 128.0000 128.3333 6.4614 0.0503 0.0 122.0959 134.5708 
0652 4 68.7000 85.0000 + 72.6500 74.7500 7.0883 0.0948 0.0 58.6561 90.8439 
0653 8 210.0000 267.0000 + 229.0000 233.1250 20.5735 0.0883 0.0 211.3181 254.9319 
0654 8 15.4000 32.3000 + 23.1500 23.0875 4.6329 0.2007 0.0 18.1768 27.9982 
0655 9 149.0000 240.0000 177.0000 185.1111 31.1667 0.1684 0.0 155.0249 215.1973 
0656 3 148.0000 260.0000 168.0000 NA NA NA 0.0 NA NA 
0662 5 33.0000 75.0000 35.2000 48.3600 19.5547 0.4044 0.0 15.5919 81.1281 
0669 4 44.0000 77.4000 + 53.1500 56.9250 14.6222 0.2569 0.0 23.7253 90.1247 

SPECIFIC CONDUCTANCE I UMHO/CM I 
0603 7 415.0000 650.0000 500.0000 513.0000 71.4260 0.1392 0.0 428.1501 597.8499 
0604 6 385.0000 632.0000 + 512.0000 511.8333 94.9177 0.1854 0.0 381.4396 642.2270 
0605 10 1350.0000 3950.0000 + 2225.0000 2481.0000 1067.7333 0.4304 0.0 1528.4980 3433.5020 
0606 11 2970.0000 4390.0000 3750.0000 3815.4545 448.6282 0.1176 0.0 3441.5780 4189.3311 
0650 4 340.0000 420.0000 + 360.0000 370.0000 34.6410 0.0936 0.0 291.3476 448.6524 
0651 10 260.0000 655.0000 + 500.0000 500.2000 110.0048 0.2199 o.o 402.0670 598.3330 
0652 5 440.0000 581.0000 466.0000 489.4000 55.5770 0.1136 0.0 396.2691 582.5309 
0653 10 700.0000 2890.0000 + 2000.0000 2001.0000 695.5805 0.3476 0.0 1380.4876 2621.5124 
0654 9 298.0000 430.0000 330.0000 343.4444 49.3663 0.1437 0.0 295.7895 391.0993 

**The reported value is the minimum detection limit of the data set 
+ The .sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, u = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

UNKNOWN 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETR I C 

UNKNOWN 
UNKNOWN 
UNKNOWN 

NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
UNKNOWN 
NORMAL 
NORMAL 

NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 

FOOT 
NOTE 

1 
2,6 
2,6 
2 
1 
1 
1 

1 

6) The stat. range is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int • 
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• TABLE D.7.18 • GROUNDWATER QUALITY STATISTICS BY LOCATION: All DOWNGRADIENT 
AND CROSS GRADIENT ALLUVIAL MONITOR WELLS· 
SITE: MON01 MONUMENT VALLEY ., 
04/17/85 TO 11/24/92 
REPORt DATE: 02/10/93 

PARAMETER NAME J UNITS I ... COEFF. :ifx OF STATISTICAL RANGE 
STANDARD . OF NON 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

SPECIFIC CONDUCTANCE I UMHO/CM I 
0655 10 3990.0000 5300.0000 + 4600.0000 4619.0000 447.7958 0.0969 o.o 4219.5310 5018.4690 
0656 4 1650.0000 2100.0000 + 1900.0000 1887.5000 246~2214 0.1304 0.0 1328.4542 2446.5458 
0662 6 920.0000 1450.0000 + 1125.0000 1149.5000 172.8858 0.1504 0.0 911.99n 1387.0028 
0669 4 685.0000 950.0000 + 830.0000 823.7500 122.5680 0.1488 0.0 545.4593 1102.0407 

SPECIFIC CONDUCTANCE, IN-SITU I UMHO/CM I 
0603 1 470.0000 470.0000 470.0000 NA NA NA 0.0 NA NA 

STRONTIUM I MG/l I 
0603 4 0.0500 0.2300 + 0.1350 NA NA NA 50.0 0.0500 0.2300 
0604 4 0.0500 0.1800 + 0.1100 NA NA NA 50.0 0.0500 0.1800 
0605 6 0.0500 2.3000 + 1.3200 NA NA NA 33.3 0.0500 2.3000 
0606 7 0.0500 2.2000 1. 7000 NA NA NA 28.6 0.0500 2.2000 
0650 2 ** 0.1000 0.1000 ** 0.1000 NA NA NA 50.0 NA NA 
0651 6 0.0500 0.2600 + 0.2200 NA NA NA 16.7 0.0500 0.2600 
0652 4 0.4000 0.5500 + 0.4450 0.4600 0.0735 0.1597 0.0 0.2932 0.6268 
0653 5 0.9000 1.9700 1.8000 1.5640 0.4855 0.3104 o.o 0.7504 2.3n6 
0654 5 0.3000 0.4000 0.3900 0.3580 0.0531 0.1483 0.0 0.2690 0.4470 
0655 6 2.5400 4.1000 + 2.9900 3.1000 0.5576 0.1799 0.0 2.3340 3.8660 
0656 2 0.9000 1.0000 + 0.9500 NA NA NA 0.0 NA NA 
0662 4 0.0500 1.1000 + 0.9600 NA NA NA 25.0 0.0500 1.1000 
0669 3 0.5800 0.8000 0.8000 NA NA NA 0.0 NA NA 

SULFATE I MG/l I 
0603 6 101.0000 151.0000 + 116.0000 118.8333 16.8572 0.1419 0.0 95.6756 141.9911 
0604 5 95.0000 158.0000 116.0000 120.6000 22.9630 0.1904 0.0 82.1207 159.0793 
0605 9 800.0000 1no.oooo 1080.0000 1247.3333 376.4758 0.3018 0.0 883.9087 1610.7579 
0606 9 961.0000 1550.0000 1230.0000 1242.5444 215.5187 0.1734 0.0 1034.4971 1450.5918 
0650 4 25.5000 47.7000 + 29.5000 33.0500 10.0221 0.3032 0.0 10.2947 55.8053 
0651 9 108.0000 165.0000 112.0000 119.m8 17.9846 0.1501 0.0 102.4167 137.1389 
0652 4 56.8000 85.0000 + 63.5000 67.2000 12.3407 0.1836 0.0 39.1804 95.2196 

**The repQrted value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
.1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

NORMAL 
NORMAL 
NORMAL 
NORMAL 

UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 

NORMAL 
NORMAL 
NORMAL 
NORMAL 
UNKNOWN 

NONPARAMETRIC 
UNKNOWN 

NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 

FOOT 
NOTE 

1 

2,4 
2,4 
2,6 
2 
1 
2,6 

1 
2,4 
1 

A> The stat. range is the 87.5X confidence interval due to a sample size of 4. The maximum is the 93.8X one sided confidence int. 
6) The stat. range is the 96.9% confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int. 
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TABLE D.7.18- GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT ALLUVIAL MONITOR WELLS 
SITE: ~ON01 MONUMENT VALLEY 
04/17/85 TO 11!24/92·· 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. % OF STATISTICAL RANGE 
STANDARD OF NON 98% CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

SULFATE I MG/L I 
0653 8 744.0000 1690.0000 + 1285.0000 1253.1250 329.1502 0.2627 0.0 904.2413 1602.0087 
0654 8 27.0000 53.9000 + 40.0000 39.0750 l! 7.7621 0.1986 0.0 30.8475 47.3025 
0655 9 2370.0000 3540.0000 2770.0000 2883.3333 '332.7912 0.1154 0.0 2562.0789 3204.5878 
0656 3 571.0000 845.0000 780.0000 NA NA NA 0.0 NA NA 
0662 5 329.0000 418.0000 356.0000 368.4000 40.4636 0.1098 0.0 300.5948 436.2052 
0669 4 266.0000 460.0000 + 391.0000 377.0000 83.5743 0.2217 0.0 187.2445 566.7555 

SULFIDE I MG/L I 
0603 3 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0604 3 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0605 5 ** 0.1000 0.4000 ** 0.1000 NA NA NA 80.0 ** 0.1000 0.4000 
0606 6 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 ** 0.1000 ** 0.1000 
0650 .2 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0651 3 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0652 1 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0653 5 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 ** 0.1000 ** 0.1000 
0654 3 ** 0.1000 0.4000 ** 0.1000 NA NA NA 66.7 NA NA 
0655 5 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 ** 0.1000 ** 0.1000 
0656 3 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0662 2 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0669 3 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 

TEMPERATURE I c - DEGREEI 

0603 7 12.0000 17.0000 15.4000 15.0571 1.4998 0.0996 0.0 13.2754 16.8389 
0604 6 14.0000 16.5000 + 15.0500 15.1167 0-9411 0.0623 0.0 13.8238 16.4095 
0605 10 12.5000 17.5000 + 15.5000 15.0300 1.8000 0.1198 0.0 13.4242 16.6358 
0606 11 8.3000 22.0000 16.0000 15.8636 3.9108 0.2465 0.0 12.6044 19.1228 
0650 4 16.5000 21.0000 + 17.5000 18.1250 2.0156 0.1112 0.0 13.5487 22.7013 
0651 10 14.1000 17.0000 + 15.3000 15.4800 1.0315 0.0666 0.0 14.5598 16.4002 
0652 5 14.5000 16.0000 15.2000 15.2600 0.7266 0.0476 0.0 14.0424 16.4776 
0653 10 14.9000 17.5000 + 16.0000 16.3000 0.7616 0.0467 0.0 15.6206 16.9794 
0654 9 14.0000 17.0000 15.7000 15.6111 0.8418 0.0539 0.0 14.7985 16.4237 

**The reported value is the minimum detection limit of the data set . 
+ The san.,le sfze is even, so the median value is the arithmetic average of th'e two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values con.,rise more than 15% of the san.,les. 

DISTRIBUTION 
TYPE 

NORMAL 
NORMAL 
NORMAL 
UNKNOWN 
NORMAL 
NORMAL 

UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
UNKNOWN 

NONPARAMETRIC 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 

FOOT 
NOTE 

1 

1 
1 
2,5 
2,6 
1 
1 
1 
2,5 
1 
2,5 
1 
1 
1 

5) The stat. range is the 93.8% confidence interval due to a sample size of 5. The maximum is the 96.9% one sided confidence Int. 
6) The stat. range is the 96.9% confidence interval due to a san.,le size of 6. The maximum is the 98.5% one sided confidence Int. 
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• • TABLE 0.7.18 ·GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT ALLUVIAL MONITOR WELLS 
SITE: MON01. MONUMENT VALLEY 
04/17/85 TO 11/24/92 
REPORT DATE: 02/10/93 

PARAMETER NAME r U~ITS I COEFF. ::"xNg~ STATISTICAL RANGE 
STANDARD OF ' 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

TEMPERATURE I c - DEGREE' 

0655 10 14.0000 18.0000 + 16.1000 16.2800 1.1564 0.0710 0.0 15.2484 17.3116 
0656 4 14.8000 18.0000 + 16.5000 16.4500 ~ .3699 0.0833 0.0 13.3396 19.5604 
0662 6 12.3000 18.0000 + 16.0500 15.7500 2.2474 0.1427 0.0 12.6626 18.8374 
0669 4 12.7000 17.0000 + 16.9500 15.9000 2.1339 0.1342 0.0 11.0551 20.7449 

THALLIUM r MG/L I 
0603 2 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0604 2 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0605 5 ** 0.0100 0.0500 ** 0.0100 NA NA NA 100.0 ** 0.0100 0.0500 
0606 6 ** 0.0100 0.1000 ** 0.0100 NA NA NA 83.3 ** 0.0100 0.1000 
0650 1 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0651 5 ** 0.0100 0.0500 ** 0.0100 NA NA NA 100.0 ** 0.0100 0.0500 
0652 1 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0653 4 ** 0.0100 0.0500 ** 0.0100 NA NA NA 100.0 ** 0.0100 0.0500 
0654 5 ** 0.0100 0.0500 ** 0.0100 NA NA NA 100.0 ** 0.0100 0.0500 
0655 5 ** 0.0100 0.0500 ** 0.0100 NA NA NA .100.0 ** 0.0100 0.0500 
0656 1 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0662 2 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0669 1 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 

THORIUM-230 I PCI/L I 
0603 3 ** 0.1000 0.5000 0.4000 NA NA NA 33.3 NA NA 
0604 3 ** 0.1000 0.5000 0.4000 NA NA NA 66.7 NA NA 
0605 4 ** 0.8000 0.8000 ** 0.8000 NA NA NA 25.0 ** 0.8000 0.8000 
0606 5 ** 0.1000 0.5000 ** 0.1000 NA NA NA 60.0 ** 0.1000 0.5000 
0650 1 ** 0.6000 ** 0.6000 ** 0.6000 NA IIA NA o.o NA NA 
0651 3 ** 0.5000 0.5000 ** 0.5000 NA NA NA 0.0 NA NA 
0652 2 ** 0.6000 0.7000 ** 0.6000 NA NA NA 0.0 NA NA 
0653 4 ** 0.1000 0.3000 + 0.1250 NA NA NA 25.0 ** 0.1000 0.3000 
0654 3 ** 0.4000 0.5000 ** 0.4000 NA NA NA 0.0 NA NA 
0655 4 ** 0.1000 0.7000 + 0.1750 NA NA NA 25.0 ** 0.1000 0.7000 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
1) A minimum of 4 samples muSt be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

NORMAL 
NORMAL 
NORMAL 
NORMAL 

UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
UNKNOWN 

NONPARAMETRIC 

FOOT 
NOTE 

1 
1 
2,5 
2,6 
1 
2,5 
1 
2,4 
2,5 
2,5 
1 
1 
1 

1 
1 
2,4 
2,5 
1 
1 
1 
2,4 
1 
2,4 

4) The stat. range is the 87.5X confidence interval due to a sample size of 4. The maximum is the 93.8X one sided confidence int. 
5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9X one sided confidence int. 
6) The stat. range is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int. 
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TABLE D.7.18 ·GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT. 
AND CROSS GRADIENT ALLUVIAL MONITOR WELLS 
SITE: MON01 MONUMENT VALLEY 
04/17/85 TO 1 1/24/92! 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. X OF STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

THORIUM-230 I PCI/L I 
0656 2 ** o. 1000 0.4000 + 0.2250 NA NA NA 50.0 NA NA 
0662 2 ** 1.0000 ** 1.0000 ** 1.0000 NA it NA NA 0.0 NA NA 
0669 2 ** 0.1000 0.6000 + 0.3250 NA NA NA 50.0 NA NA 

TIN I MG/L I . 
0603 4 ** 0.0050 0.0050 ** 0.0050 NA NA NA 100.0 ** 0.0050 0.0050 
0604 4 ** 0.0050 0.0050 ** 0.0050 NA NA NA 100.0 ** 0.0050 0.0050 
0605 7 ** 0.0050 0.0060 ** 0.0050 NA NA NA 85.7 ** 0.0050 0.0060 
0606 9 ** 0.0050 0.0130 ** 0.0050 NA NA NA 88.9 ** 0.0050 0.0130 
0650 2 ** 0.0050 ** 0.0050 ** 0.0050 NA NA NA 100.0 NA NA 
0651 6 ** 0.0050 0.0050 ** 0.0050 NA NA NA 100.0 ** 0.0050 0.0050 
0652 2 ** 0.0050 0.0050 ** 0.0050 NA NA NA 100.0 NA NA 
0653 7 ** 0.0050 0.0240 ** 0.0050 NA NA NA 85.7 ** 0.0050 0.0240 
0654 6 ** 0.0050 0.0050 ** 0.0050 NA NA NA 100.0 ** 0.0050 0.0050 
0655 8 ** 0.0050 0.0630 ** 0.0050 NA NA NA 87.5 ** 0.0050 0.0630 
0656 3 ** 0.0050 ** 0.0050 ** 0.0050 NA NA NA 100.0 NA NA 
0662 3 ** 0.0050 0.0050 ** 0.0050 NA NA NA 100.0 NA NA 
0669 3 ** 0.0050 ** 0.0050 ** 0.0050 NA NA NA 100.0 NA NA 

TOTAL DISSOLVED SOLIDS I MG/L I 
0603 6 364.0000 418.0000 + 388.0000 387.1667 19.5184 0.0504 0.0 360.3532 413.9801 
0604 5 359.0000 389.0000 383.0000 375.2000 14.4983 0.0386 0.0 350.9051 399.4949 
0605 9 1520.0000 3280.0000 1950.0000 2178.8889 617.3217 0.2833 0.0 1582.9677 2774.8101 
0606 9 1760.0000 3680.0000 2410.0000 2567.5556 701.7612 0.2733 0.0 1890.1221 3244.9890 
0650 4 249.0000 319.0000 + 285.5000 284.7500 34.4323 0.1209 0.0 206.5715 362.9285 
0651 9 348.0000 440.0000 401.0000 401.1111 27.7824 0.0693 0.0 374.2918 427.9304 
0652 4 339.0000 361.0000 + 345.0000 347.5000 9.4692 0.0272 0.0 326.0001 368.9999 
0653 8 1390.0000 2640.0000 + 2160.0000 2075.0000 462.4778 0.2229 0.0 1584.7952 2565.2048 
0654 8 204.0000 270.0000 + 242.5000 240.3750 20.0067 0.0832 0.0 219.1688 261.5812 
0655 9 3790.0000 5590.0000 4400.0000 4433.3333 548.9763 0.1238 0.0 3903.3882 4963.2785 
0656 3 1340.0000 1720.0000 1570.0000 NA NA NA 0.0 NA NA 
0662 5 1060.0000 1120.0000 1070.0000 1082.0000 23.8747 0.0221 0.0 1041.9930 1122.0070 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 
UNKNOWN 

NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
NORMAL 
UNKNOWN 
NORMAL 

FOOT 
NOTE 

1 
1 
1 

2,4 
2,4 
2 
2 
1 
2,6 
1 
2 
2,6 
2 
1 
1 
1 

1 

4) The stat. range is the 87.5X confidence interval due to a sample size of 4. The maximum is the 93.8X one sided confidence Int. 
6) The stat. range is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence Int • 
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• • TABLE D.7.18- GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT ALLUVIAL MONITOR WELLS 
SITE: MON01, MONUMENT VALLEY 
04/17/85 TO 11/24/92 
REPORT DATE: 02/10/93 

PARAMETER NAME 
,. I UNITS I COEFF. '""X.QF STATISTICAL RANGE 

STANDARD OF ·"NON 98X CONFIDENCE INTERVAL 
LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

TOTAL DISSOLVED SOLIDS l MG/L l ·. 

0669 4 647.0000 982.0000 + 843.0000 828.7500 145.3992 0.1754 0.0 498.6212 1158.8788 

I MG/L I t"• 
TOTAL ORGANIC CARBON .. 

0603 5 ** 1.0000 56.1000 39.0000 NA NA NA 40.0 ** 1.0000 56.1000 
0604 4 ** 1.0000 41.0000 + 20.0000 NA NA NA 25.0 ** 1.0000 41.0000 
0605 5 1.8000 62.6000 22.0000 11.9426 5.6053 NA 0.0 ** 1.0000 214.5537 
0606 5 1.0000 82.0000 4.0000 8.6495 8.2596 NA o.o ** 1.0000 297.5395 
0650 2 23.0000 58.5000 + 40.7500 NA NA NA 0.0 NA NA 
0651 4 ** 1.0000 103.0000 + 17.7500 NA NA NA 50.0 ** 1.0000 103.0000 
0652 3 ** 1.0000 48.0000 ** 1.0000 NA NA NA 66.7 NA NA 
0653 5 ** 1.0000 53.5000 1.0000 NA NA NA 40.0 ** 1.0000 53.5000 
0654 3 ** 1.0000 46.1000 32.0000 NA NA NA 33.3 NA NA 
0655 5 1.0000 101.0000 3.0000 7.6699 9.4585 NA o.o ** 1.0000 331.1210 
0656 1 53.0000 53.0000 53.0000 NA NA NA o.o NA NA 
0662 2 ** 1.0000 25.0000 + 12.7500 NA ' NA NA 50.0 NA NA 
0669 2 ** 1.0000 30.0000 + 15.2500 NA NA NA 50.0 NA NA 

TOTAL ORGANIC HALOGENS I MG/L I 
0603 1 ** 0.0030 ** 0.0030 ** 0.0030 NA NA NA 100.0 NA NA 
0604 1 0.0210 0.0210 0.0210 NA NA NA 0.0 NA NA 
0605 1 0.0050 0.0050 0.0050 NA NA NA 0.0 NA NA 
0606 1 0.0130 0.0130 0.0130 NA NA NA o.o NA NA 

URANIUM I MG/L I 
0603 6 ** 0.0010 0.003Q + 0.0026 NA NA NA 16.7 ** 0.0010 0.0030 
0604 5 ** 0.0010 0.0051 0.0027 NA NA NA 20.0 ** 0.0010 0.0051 
0605 9• 0.0036 0.0170 0.0063 0.0087 0.0052 0.6033 0.0 0.0036 0.0137 
0606 9 0.0080 0.0282 0.0140 0.0164 0.0062 0.3756 0.0 0.0105 0.0224 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one•sided confidence interval, « = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

NORMAL 

NONPARAMETRIC 
NONPARAMETRIC 

LOGNORMAL 
LOGNORMAL 
UNKNOWN 

NONPARAMETR I C 
UNKNOWN 

NONPARAMETRIC 
UNKNOWN 
LOGNORMAL 
UNKNOWN 
UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

NORMAL 
NORMAL 

FOOT 
NOTE 

2,5 
2,4 
7,8 
7,8 
1 
2,4 
1 
2,5 
1 
7,8 
1 
1 
1 

1 
1 
1 
1 

2,6 
2,5 

4) The stat. range is the 87.5X confidence interval due to a sample size of 4. The maximum is the 93.8X one sided confidence int. 
5) The stat. range is the 93.8X confidence·interval due to a sample size of 5. The maximum is the 96.9X one sided confidence int. 
6) The stat. range is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int. 
7) The lognormal distribution was used because the data failed the normal distribution test. · 
8) The mean is geometric. The standard deviation is the value to divide or multiply with the geometric mean. 
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TABLE D.7.18- GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT ALLUVIAL MONITOR WELLS 
SITE: MON01 MONUMENT VALLEY 
04/17/85 TO 11/24/92 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. X OF STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

URANIUM I MG/L I 
0650 4 0.0023 0.0041 + 0.0027 0.0029 0.0008 0.2740 0.0 ** 0.0023 0.0047 
0651 9 0.0005 0.0090 0.0019 0.0018 ' 2.2051 NA 11.1 0.0009 0.0040 
0652 4 ** 0.0010 0.0056 + 0.0039 NA ·t'NA NA 25.0 ** 0.0010 0.0056 
0653 8 0.0060 0.0140 + 0.0086 0.0089 0.0024 0.2686 0.0 0.0064 0.0115 
0654 8 0.0005 0.0031 + 0.0009 0.0016 0.0012 0.7670 12.5 0.0003 0.0029 
0655 9 0.0190 0.0326 0.0281 0.0271 0.0050 0.1854 0.0 0.0223 0.0320 
0656 3 0.0087 0.0117 0.0093 NA NA NA 0.0 NA NA 
0662 5 0.0130 0.0253 0.0250 0.0211 0.0057 o.2n3 0.0 0.0115 0.0307 
0669 4 0.0090 0.0155 + 0.0134 0.0128 0.0030 0.2312 0.0 0.0061 0.0196 

VANADIUM I MG/L I 
0603 5 ** 0.0100 0.5000 ** 0.0100 NA NA NA 80.0 ** 0.0100 0.5000 
0604 5 ** 0.0100 0.6000 ** o.o;oo NA NA NA 80.0 ** 0.0100 0.6000 
0605 8 ** 0.0100 0.8000 + 0.0125 NA NA NA 50.0 ** 0.0100 0.8000 
0606 9 ** 0.0100 0.5100 ** 0.0100 NA NA NA 55.6 ** 0.0100 0.5100 
0650 3 ** 0.0100 0.3300 0.1000 NA NA NA 33.3 NA NA 
0651 8 ** 0.0100 0.2200 + 0.0100 NA NA NA 37.5 ** 0.0100 0.2200 
0652 4 0.0100 0.5100 + 0.1100 0.0572 7.7386 NA 0.0 ** 0.0100 5.9587 
0653 7 ~· 0.0100 0.6100 0.0100 NA NA NA 42.9 ** 0.0100 0.6100 
0654 7 ** 0.0100 o. 1200 ** 0.0100 NA NA NA 71.4 ** 0.0100 0.1200 
0655 8 ** 0.0100 0.5200 + 0.0200 NA NA NA 37.5 ** 0.0100 0.5200 
0656 3 ** 0.0100 0.7100 0.0300 NA NA NA 33.3 NA NA 
0662 5 ** 0.0100 0.5000 0.0200 NA NA NA . 20.0 ** 0.0100 0.5000 
0669 4 0.0600 0.4900 + 0.1200 o. 1393 2.5452 NA 0.0 0.0167 1.1617 

ZINC I MG/L .I 
0603 5 ** 0.0050 0.0140 ** 0.0050 NA NA NA 60.0 ** 0.0050 0.0140 
0604 5 ** 0.0050 0.0700 ** 0.0050 NA NA NA 60.0 ** 0.0050 0.0700 
0605 8 ** 0.0050 0.0950 ** 0.0050 NA NA NA 62.5 ** 0.0050 0.0950 
0606 9 ** 0.0050 0.0700 0.0200 NA NA NA 33.3 ** 0.0050 0.0700 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a= 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

NORMAL 
LOGNORMAL 

NONPARAMETRIC 
NORMAL 
NORMAL 
NORMAL 
UNKNOWN 
NORMAL 
NORMAL 

NONPARAMETR I C 
NONPARAMETR I C 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 

LOGNORMAL 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
NONPARAMETRIC 

LOGNORMAL 

NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 
NONPARAMETRIC 

FOOT 
NOTE 

7,8 
2,4 

1 

2,5 
2,5 
2 
2 
1 
2 
7,8 
2 
2 
2 
1 
2,5 
7,8 

2,5 
2,5 
2 
2 

4) The stat. range is the 87.5X confidence interval due to a sample size of 4. The maximum· is the 93.8X one sided confidence int. 
5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9X one sided confidence int. 
7) The lognormal distribution was used because the data failed the normal distribution test. 
8) The mean is geometric. The standard deviation is the value to divide or multiply with the geometric mean • 
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PARAMETER NAME 

LOC. SAMP MINIMUM 

ZINC 

0650 
0651 
0652 
0653 
0654 
0655 
0656 
0662 
0669 

3 
8 ** 
4 ** 
7 ** 
7 ** 
8 ** 
3 ** 
5 ** 
4 ** 

0.0100 
0.0050 
0.0050 
0.0050 
0.0050 
0.0050 
0.0050 
0.0050 
0.0050 

MAXIMUM 

0.6170 
0.0090 ** 
0.0410 + 
0.0190 ** 
0.1550 ** 
0.2200 ** 
0.2700 
0.0970 
0.0540 + 

I UNITS 

MEDIAN 

I MG/L 

0.3450 
0.0050 
0.0067 
0.0050 
0.0050 
0.0050 
0.0260 
0.0230 
0.0147 

• TABLE D.7.18- GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT ALLUVIAL MONITOR WELLS 
SITE: MON01 MONUMENT VALLEY· 
04/17/85 TO- 11/24/92 
REPORT DATE: 02/10/93 

I 

I 
MEAN 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

STANDARD 
DEVIATION 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

<l . : 

COEFF. % OF STATISTICAL RANGE 
OF NON 98% CONFIDENCE INTERVAL DISTRIBUTION FOOT 

VARIATION DETECTS MINIMUM MAXIMUM * TYPE NOTE 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.0 
62.5 ** 
50.0 ** 
57.1 ** 
85.7 ** 
62.5 ** 
33.3 
40.0 ** 
50.0 ** 

NA 
0.0050 
0.0050 
0.0050 
0.0050 
0.0050 

NA 
0.0050 
0.0050 

NA UNKNOWN 1 
0.0090 NONPARAMETRIC 2 
0.0410 NONPARAMETRIC 2,4 
0.0190 NONPARAMETRIC 2 
0.1550 NONPARAMETRIC 2 
0.2200 NONPARAMETRIC 2 
NA UNKNOWN 1 
0.0970 NONPARAMETRIC 2,5 
0.0540 NONPARAMETRIC 2,4 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, ~ = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 
4) The stat. range is the 87.5% confidence interval due to a sample size of 4. The maximum is the 93.8% one sided confidence int. 
5) The stat. range is the 93.8% confidence interval due to a sample size of 5. The maximum is the 96.9% one sided confidence int. 

INPUT DATA FILENAME: M:\DART\MON01\GWQ10012.DAT 
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TABLE D.7.19- GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT SHINARUMP MONITOR WELLS 
SITE: MON01 .. MONUMENT VALLEY 
04/17/85 T0-11/23/92 7; 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. % OF STATISTICAL RANGE 
STANDARD OF NON 98% CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

ALKALINITY I MG/L CAC031 " 

0614 9 173.0000 209.0000 191.0000 190.4444 11.7485 0.0617 0.0 179.1032 201.7857 
0615 4 186.0000 230.0000 + 210.5000 209.2500 22.0208 0.1052 0.0 159.2517 259.2483 
0659 10 181.0000 214.0000 + 193.5000 194.5000 9:6177 0.0494 0.0 185.9203 203.0797 
0660 7 201.0000 226.0000 213.0000 214.5714 9.2711 0.0432 0.0 203.5580 225.5849 

ALUMINUM I MG/L I 
0614 7 ** 0.1000 0.6000 ** 0.1000 NA NA NA 57.1 ** 0.1000 0.6000 
0615 3 ** 0.1000 0.7000 0.3000 NA NA NA 33.3 NA NA 
0659 8 ** 0.0500 0.3000 + 0.0500 NA 'NA NA 75.0 ** 0.0500 0.3000 
0660 6 ** 0.1000 0.3000 ** 0.1000 NA NA NA 66.7 ** 0.1000 0.3000 

AMMONIUM I MG/L I 
0614 8 ** 0.1000 0.1000 ** 0.1000 NA NA NA 87.5 ** 0.1000 0.1000 
0615 3 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0659 9 ** 0.1000 1.3000 ** 0.1000 NA NA NA 55.6 ** 0.1000 1.3000 
0660 7 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 ** 0.1000 ** 0.1000 

ANTIMONY I MG/L I 
0614 6 ** 0.0030 0.0040 ** 0.0030 NA NA NA 83.3 ** 0.0030 0.0040 
0615 3 ** 0.0030 0.0040 ** 0.0030 NA NA NA 66.7 NA NA 
0659 7 ** 0.0030 ** 0.0030 ** 0.0030 NA NA NA 100.0 ** 0.0030 ** 0.0030 
0660 5 ** 0.0030 0.0040 ** 0.0030 NA NA NA 80.0 ** 0.0030 0.0040 

ARSENIC I MG/L I 
0614 8 0.0020 0.0050 + 0.0050 NA NA NA 87.5 0.0020 0.0050 
0615 3 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0659 9 0.0050 0.0050 0.0050 NA NA NA 88.9 0.0050 0.0050 
0660 7 0.0040 0.0050 0.0050 NA NA NA 85.7 0.0040 0.0050 

BARIUM I MG/L I 
0614 6 ** 0.1000 0.4000 + 0.1000 NA NA NA 33.3 ** 0.1000 0.4000 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so th&median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15% of the samples. 

DISTRIBUTION 
TYPE 

NORMAL 
NORMAL 
NORMAL 
NORMAL 

NONPARAMETRIC 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

NONPARAMETRIC 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

NONPARAMETRIC 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

NONPARAMETR r'c 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

NONPARAMETRIC 

FOOT 
NOTE 

2 
1 
2 
2,6 

2 
1 
2 
2 

2,6 
1 
2 
2,5 

2 
1 
2 
2 

2,6 

5) The stat. range is the 93.8% confidence interval due to a sample size of 5. The maximum is the 96.9% one sided confidence int. 
6) The stat. range is the 96.9% confidence interval due to a sample size of 6. The maximum is the 98.5% one sided confidence int • 
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• •• TABLE D.7.19 ·GROUNDWATER QUALITY STATISTICS BY LOCATION: All DOWNGRADIENT 
AND CROSS GRADIENT SHINARUMP MONITOR WELLS 
SITE: MON01, MONUMENT VALLEY 
04/17/85 To''11/23/92 ~ 
REPORT DATE: 02/10i93 

PARAMETER NAME I UNITS I COEFF. ;.\~~ STATISTICAL RANGE 
STANDARD OF 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM 

BARIUM I MG/l I .. 

0615 3 •• 0.1000 0.4000 •• 0.1000 NA NA NA 66.7 NA 
0659 7 0.0400 0.2000 0.0500 NA NA NA 57.1 0.0400 
0660 5 •• 0.1000 0.2000 •• 0.1000 NA NA NA 80.0 •• 0.1000 

BERYLLIUM I MG/l I 
0614 4 •• 0.0050 0.0050 + 0.0050 NA NA NA 100.0 •• 0.0050 
0615 1 •• 0.0100 •• 0.0100 •• 0.0100 NA NA NA 100.0 NA 
0659 5 •• 0.0050 0.0050 0.0050 NA NA NA 100.0 •• 0.0050 
0660 4 •• 0.0050 0.0050 + 0.0050 NA NA NA 100.0 •• 0.0050 

BORON I MG/l I 
0614 7 •• 0.1000 0.4000 •• 0.1000 NA NA NA 57.1 •• 0.1000 
0615 3 •• 0.1000 0.4000 0.3000 NA NA NA 33.3 NA 
0659 7 •• 0.0500 0.1000 0.0500 NA NA NA 85.7 •• 0.0500 
0660 6 •• 0.1000 .0.2000 •• 0.1000 NA NA · NA 83.3 •• 0.1000 

BROMIDE I MG/l I ' 
: 

0614 2 •• 0.1000 1.0000 + 0.5250 NA NA NA 100.0 NA 
0615 1 •• 2.0000 •• 2.0000 •• 2.0000 . NA NA NA 100.0 NA 
0659 2 •• 0.1000 •• 0.1000 •• 0.1000 NA NA NA 100.0 NA 
0660 1 •• 0.1000 •• 0.1000 •• 0.1000 NA NA NA 100.0 NA 

CADMIUM I MG/l I •· 

0614 8 •• 0.0010 0.0040 •• 0.0010 NA NA NA 87.5 •• 0.0010 
0615 3 •• 0.0010 •• 0.0010 •• 0.0010 NA NA NA 100.0 NA 
0659 9 •• 0.0005 0.0040 0.0005 NA NA NA 88.9 •• 0.0005 
0660 7 •• 0.0010 0.0040 •• 0.0010 NA NA NA 85.7 •• 0.0010 

CALCIUM I MG/l I 
0614 8 71.3000 89.9000 + 84.3500 81.9500 7.2670 0.0887 0.0 74.2474 

•• The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
• The statistical maximum is the 99 percent one sided confidence interval, cr = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 

MAXIMUM* 

NA 
0.2000 
0.2000 

0.0050 
NA 
0.0050 
0.0050 

0.4000 
NA 
0.1000 
0.2000 

NA 
NA 
NA 
NA 

0.0040 
NA 
0.0040 
0.0040 

89.6526 

2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

UNKNOWN 
NONPARAMETRIC 
NONPARAMETRIC 

NONPARAMETRIC 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

NONPARAMETRIC 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

NORMAL 

FOOT 
NOTE 

1 
2 
2,5 

2,4 
1 
2,5 
2,4 

2 
1 
2 
2,6 

1 
1 
1 
1 

2 
1 
2 
2 

4) The stat. range is the 87.5X confidence interval due to a sample size of 4. The maximum is the 93.8X one sided confidence int. 
5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9X one sided confidence int. 
6) The stat. range is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int. 
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TABLE D.7.19- GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT SHINARUMP MONITOR WELLS 
SITE: MON01 MONUMENT VALLEY 
04/17/85 TO 11/23/92 :- "' 
REPORT DATE: 02/10/93 

PARAMETER NAME J UNITS I COEFF. X OF STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

CALCIUM I MG/L I 
0615 3 15.2000 18.1000 17.5000 NA NA NA 0.0 NA NA 
0659 9 18.4000 26.1000 22.7000 22.5667 2.8098 0.1245 0.0 19.8543 25.2791 
0660 7 2.5700 3.3200 2.9200 2.9543 '6.2689 0.0910 0.0 2.6349 3.2737 

CHLORIDE I MG/L I ' 

0614 8 15.0000 21.0000 + 17.9000 17.9750 2.0012 0.1113 0.0 15.8538 20.0962 
0615 3 8.4000 11.0000 9.9000 NA NA NA 0.0 NA NA 
0659 9 6.0000 11.0000 9.5000 9.0667 1.4379 0.1586 0.0 7.6786 10.4547 
0660 7 5.0000 • 8.9000 8.0000 7.3571 1.3734 0.1867 0.0 5.7256 8.9886 

CHROMIUM I MG/L I 
0614 7 ** 0.0100 0.0300 ** 0.0100 NA NA NA 71.4 ** 0.0100 0.0300 
0615 3 ** 0.0100 0.0200 ** 0.0100 NA NA NA 66.7 NA NA 
0659 8 ** 0.0100 0.0400 ** 0.0100 NA NA NA 75.0 ** 0.0100 0.0400 
0660 6 ** 0.0100 0.0300 ** 0.0100 NA NA NA 66.7 ** 0.0100 0.0300 

COBALT I MG/L I 
0614 7 ** 0.0500 0.0700 ** 0.0500 NA NA NA 85.7 ** 0.0500 0.0700 
0615 3 ** 0.0500 ** 0.0500 ** 0.0500 NA NA NA 100.0 NA NA 
0659 7 ** 0.0300 0.0700 ** 0.0300 NA NA NA 85.7 ** 0.0300 0.0700 
0660 6 ** 0.0500 0.0600 ** 0.0500 NA NA NA 66.7 ** 0.0500 0.0600 

COPPER J MG/L J 
0614 6 ** 0.0200 ** 0.0200 ** 0.0200 NA NA NA 100.0 ** 0.0200 ** 0.0200 
0615 3 ** 0.0200 ** 0.0200 ** 0.0200 NA NA NA 100.0 NA NA 
0659 6 ** 0.0100 0.0100 + 0.0100 NA NA NA 100.0 ** 0.0100 0.0100 
0660 5 ** 0.0200 ** 0.0200 ** 0.0200 NA NA NA 100.0 ** 0.0200 ** 0.0200 

CYANIDE I MG/L I 
0614 4 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 ** 0.0100 ** 0.0100 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

UNKNOWN 
NORMAL 
NORMAL 

NORMAL 
UNKNOWN 
NORMAL 
NORMAL 

NONPARAMETRIC 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

NONPARAMETRIC 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

NONPARAMETRIC 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

NONPARAMETRIC 

FOOT 
NOTE 

1 

1 

2 
1 
2 
2,6 

2 
1 
2 
2,6 

2,6 
1 
2,6 
2,5 

2,4 

4) The stat. range is the 87.5X confidence interval due to a sample size of 4. The maximum is the 93.8X one sided confidence int. 
5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9X one sided confidence int. 
6) The stat. range is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int • 
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• •• TABLE D.7.19 - GROUNDYATER QUALITY STATISTICS BY LOCATION: ALL DOYNGRADIENT 

PARAMETER NAME I UNITS 

LOC. SAMP MINIMUM MAXIMUM MEDIAN 

CYANIDE I MG/L 

0615 3 ** 0.0100 ** 0.0100 ** 0.0100 
0659 3 ** 0.0100 ** 0.0100 ** 0.0100 
0660 3 ** 0.0100 ** 0.0100 ** 0.0100 

FLUORIDE I MG/L 

0614 6 0.2000 0.4000 + 0.2000 
0615 3 0.3000 0.5000 0.4000 
0659 6 0.1000 0.4000 + 0.3500 
0660 5 0.2000 0.7000 0.4000 

GROSS ALPHA I PCI/L . 

0614 6 20.0000 35.9000 + 24.0000 
0615 2 6.8000 9.6000 + 8.2000 
0659 6 4.8000 19.0000 + 9.3000 
0660 4 ** 0.2000 2.0000 + 0.5500 

GROSS BETA I PCI/L 

0614 6 7.0000 17.0000 + 15.0000 
0615 2 6.1000 7.2000 + 6.6500 
0659 6 5.0000 11.2000 + 8.0500 
0660 4 1.6000 3.6000 + 2.1000 

IRON I MG/L 

0614 7 ** 0.0300 0.0900 0.0300 
0615 3 ** 0.0300 0.2500 0.1300 

AND CROSS GRADIENT SHINARUMP MONITOR YELLS 
SITE: MON01 MONUMENT VALLEY 
04/17/85 TO 11/23/92 ~ 
REPORT DATE: 02/10/93 

,. COEFF. ·{X OF STATISTICAL RANGE I STANDARD OF NON 98X CONFIDENCE INTERVAL 
MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

I 1:•" 

NA NA NA 100.0 NA NA 
NA NA NA 100.0 NA NA 
NA NA NA 100.0 NA NA 

I .. .. 
0.2333 0.0816 0.3499 0.0 0.1212 0.3455 
NA NA NA 0.0 NA NA 
0.3000 0.1265 0.4216 0.0 0.1262 0.4738 
0.4000 0.1871 o.46n 0.0 ** 0.1000 0.7135 

I 
25.4833 5.8208 0.2284 0.0 17.4870 33.4797 

NA NA NA 0.0 NA NA 
10.2833 5.4334 0.5284 0.0 2.8192 17.7475 

NA NA NA 0.0 ** 0.2000 2.0000 

I 
13.8833 3.6444 0.2625 0.0 8.8768 18.8899 

NA NA NA 0.0 NA NA 
8.0000 2.3588 0.2949 0.0 4.7596 11.2404 
2.3500 0.8813 0.3750 0.0 ** 0.5000 4.3510 

I 
NA NA NA 42.9 ** 0.0300 0.0900 
NA NA NA 33.3 NA NA 

DISTRIBUTION 
TYPE 

UNKNOYN 
UNKNM 
UNKNOYN 

NORMAL 
UNKNM 
NORMAL 
NORMAL 

NORMAL 
UNKNM 
NORMAL 

NONPARAMETRIC 

NORMAL 
UNKNM 
NORMAL 
NORMAL 

NONPARAMETRIC 
UNKNM 

0659 8 0.1000 0.2100 + 0.1700 0.1613 0.0368 0.2283 0.0 0.1222 0.2003 . NORMAL 
0660 6 ** 0.0300 0.0300 ** 0.0300 NA NA NA 83.3 ** 0.0300 

LEAD I MG/L I 
0614 7 ** 0.0100 0.0100 ** 0.0100 NA NA NA 85.7 ** 0.0100 

**The reported value is ·the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a= 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 

0.0300 

0.0100 

2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

NONPARAMETRIC 

NONPARAMETRIC 

FOOT 
NOTE 

1 
1 
1 

1 

1 

9,4 

1 

2 
1 

2,6 

2 

4) The stat. range is the 87.5X confidence interval due to a sample size of 4. The maximum is the 93.8X one sided confidence int. 
6) The stat. range is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int. 
9) The nonparametic distribution was used because the data failed the normal distribution test and includes values ~0. 
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TABLE D.7.19 ·GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT SHINARUMP MONITOR WELLS 
SITE: MON01 MONUMENT VALLEY 
04/17/85 TO 11/23/92 . 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. X OF STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM 

LEAD I MG/L I .... 
0615 3 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA 
0659 . 7 ** 0.0050 0.0050 0.0050 NA NA NA 100.0 ** 0.0050 
0660 6 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 ** 0.0100 

LEAD-210 I PCI/L I 
0614 2 ** 1.5000 ** 1.5000 ** 1.5000 NA NA NA . 0.0 NA . 
0615 2 ** 1.0000 ** 1.0000 ** 1.0000 NA NA NA 0.0 NA 
0659 1 2.0000 2.0000 2.0000 NA NA NA 0.0 NA 
0660 1 ** 1.5000 ** 1.5000 ** 1.5000 NA NA NA 0.0 NA 

MAGNESIUM I MG/L I 
0614 8 42.1000 63.3000 + 53.8000 52.9000 7.6253 o. 1441 0.0 44.8175 
0615 3 16.2000 20.0000 20.0000 NA NA NA 0.0 NA 
0659 9 20.9000 29.1000 24.5000 25.3111 2.4937 0.0985 0.0 22.9038 
0660 7 1.5700 1.8400 1.6900 1.6914 0.0884 0.0523 0.0 1.5864 

MANGANESE I MG/L I 
0614 7 ** 0.0100 0.0200 ** 0.0100 NA NA NA 85.7 ** 0.0100 
0615 3 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA 
0659 8 0.1000 0.1400 + 0.1150 0.1175 0.0158 0.1346 0.0 0.1007 
0660 6 ** 0.0100 0.0700 ** 0.0100 NA NA NA 66.7 ** 0.0100 

MERCURY I MG/L I 
0614 5 ** 0.0002 ** 0.0002 ** 0.0002 NA NA NA 100.0 ** 0.0002 
0615 3 ** 0.0002 ** 0.0002 ** 0.0002 NA NA NA 100.0 NA 
0659 4 ** 0.0002 ** 0.0002 ** 0.0002 NA NA NA 100.0 ** 0.0002 
0660 4 ** 0.0002 ** 0.0002 ** 0.0002 NA NA NA 100.0 ** 0.0002 

MOLYBDENUM I MG/L I 
0614 8 ** 0.0100 0.1500 + 0.0100 NA NA NA 37.5 ** 0.0100 

**The reported value is the minimum detection limit of the data set . 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, u = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 

MAXIMUM* 

NA 
0.0050 

** 0.0100 

NA 
NA 
NA 
NA 

60.9825 
NA 

27.7184 
1.7964 

0.0200 
NA 
0.1343 
0.0700 

** 0.0002 
NA 

** 0.0002 
** 0.0002 

0.1500 

2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

UNKNOWN 
NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NORMAL 
UNKNOWN 
NORMAL 
NORMAL 

NONPARAMETRIC 
UNKNOWN 
NORMAL 

NONPARAMETRIC 

NONPARAMETRIC 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

NONPARAMETRIC 

FOOT 
NOTE 

1 
2 
2,6 

1 
1 
1 
1 

1 

2 
1 

2,6 

2,5 
1 
2,4 
2,4 

2 

4) The stat. range is the 87.5X confidence interval due to a sample size of 4. The maximum is the 93.8X one sided confidence int. 
5) The stat. range is the 93.8X confidenc~ interval due to a sample size of 5. The maximum is the 96.9X one sided confidence int. 
6) The stat. range is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int • 
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TABLE D.7.19- GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENTSHINARUMP MONITOR WELLS 
SITE: MON01 MONUMENT VALLEY 
04/17/85 TO 11!23/92 l 
REPORT DATE: 02/10/93 ·-

PARAMETER NAME I UNITS I COEFF. ;X OF STATISTICAL RANGE 
STANDARD OF ;f NON 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

MOLYBDENUM I MG/L I ' 

0615 3 ** 0.0100 0.1600 ** 0.0100 NA NA NA 66.7 NA NA 
0659 9 ** 0.0100 0.2500 0.0300 0.0336 3.1889 NA 11.1 0.0110 0.1028 
0660 7 ** 0.0100 0.2000 ** 0.0100 NA NA NA 57.1 ** 0.0100 0.2000 

NET GROSS ALPHA *** I PCI/L I 
0614 5 -2.1600 6.9200 2.3900 NA NA NA 0.0 -2.1600 6.9200 
0615 2 1.8600 5.6900 + 3.7750 NA NA NA 0.0 NA NA 
0659 6 2.6700 17.9000 + 8.0300 9.0483 5.5216 0.6102 0.0 1.4631 16.6336 
0660 4 -0.6300 1.6600 + -0.3500 NA NA NA 0.0 ·0.6300 1.6600 

NICKEL I MG/L I 
0614 7 ** 0.0400 0.0500 ** 0.0400 NA NA NA 71.4 ** 0.0400 0.0500 
0615 3 ** 0.0400 0.0600 ** 0.0400 NA NA NA 66.7 NA NA 
0659 7 ** 0.0400 ** 0.0400 ** 0.0400 NA NA NA 100.0 ** 0.0400 ** 0.0400 
0660 6 ** 0.0400 0.0600 ** 0.0400 NA NA NA 66.7 ** 0.0400 0.0600 

NITRATE I MG/L I 
0614 8 6.0000 40.0000 + 27.7000 24.9125 12.3271 0.4948 0.0 11.8463 37.9787 
0615 3 ** 1.0000 8.8600 5.0000 NA NA NA 33.3 NA NA 
0659 9 ** 0.1000 7.3000 2.5000 NA NA NA 33.3 ** 0.1000 7.3000 
0660 7 ** 0.1000 5.8000 0.7000 NA NA NA 42.9 ** 0.1000 5.8000 

NITRITE I MG/L I 
0614 1 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0615 1 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 

*** NET GROSS ALPHA (GROSS ALPHA · URANIUM) WITH 1 MG URANIUM = 686 PCI 
** The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

UNKNOWN 
LOGNORMAL 

NONPARAMETRIC 

NONPARAMETRIC 
UNKNOWN 
NORMAL 

NONPARAMETRIC 

NONPARAMETRIC 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

NORMAL 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 

FOOT 
NOTE 

1 
7,8 
2 

9,5 
1 

9,4 

2 
1 
2 
2,6 

1 
2 
2 

1 
1 

4) The stat. range is the 87.5X confidence interval due to a sample size of 4. The maximum is the 93.8X one sided confidence int. 
5) The stat. range is the 93.8X confidence in~erval due to a sample size of 5. The maximum is the 96.9X one sided confidence int. 
6) The stat. range is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int. 
7) The lognormal distribution was used because the data failed the normal distribution test. 
8) The mean is'geometric. The standard deviation is the value to divide or multiply with the geometric mean. 
9) The nonparametic distribution was used because the data failed the normal distribution test and includes values ~0. 
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TABLE D.7.19 · GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT SHINARUMP.MONITOR WELLS 
SITE: MON01 MONUMENT VALLEY 
04/17/85 TO 11/23/92 ~· 
REPORT DATE: 02/10/93 ' 

PA~ETER NAME I UNITS I COEFF. X OF STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

NITRITE I MG/L I .. 
0659 1 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0660 1 ** 0.1000 ** 0.1000 ** 0.1000 NA _NA NA 100.0 NA NA 

~J' ·"" 
NITRITE AND NITRATE I MG/L I 
0614 1 9.0000 9.0000 9.0000 NA NA NA o.o NA NA 
0615 1 2.0000 2.0000 2.0000 NA NA NA 0.0 NA NA 
0659 1 1.0500 1.0500 1.0500 NA NA NA 0.0 NA NA 

PH 1 su I 
0614 9 7.4700 8.0800 7.6600 NA NA NA 0.0 NA NA 
0615 4 7.4400 8.1000 + 7.6973 NA NA NA 0.0 NA NA 
0659 10 7.3100 7.6400 + 7.4350 NA NA NA 0.0 NA NA 
0660 7 8.2500 8.8800 8.6500 NA NA NA 0.0 NA NA 

PHOSPHATE I MG/L I 
0614 5 0.2000 0.8000 0.4000 0.4600 0.2191 0.4763 0.0 ** 0.1000 0.8271 
0615 3 ** 0.1000 0.5000 0.2000 NA NA NA 33.3 NA NA 
0659 4 0.3000 1.4000 + 1.1500 1.0000 0.4830 0.4830 0.0 ** 0.1000 2.0968 
0660 4 ** 0.1000 0.3000 + 0.1750 NA NA NA 50.0 ** 0.1000 0.3000 

POLONIUM-210 I PCI/L I 
0614 2 ** 0.9000 ** 0.9000 ** 0.9000 NA NA NA 50.0 NA NA 
0615 2 ** 1.0000 ** 1.0000 ** 1.0000 NA NA NA 50.0 NA NA 
0659 1 ** 0.9000 ** 0.9000 ** 0.9000 NA NA NA 0.0 NA NA 
0660 1 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 

POTASSIUM I MG/L I 
0614 8 1.5000 2.4800 + 1.8950 1.8938 0.3556 0.1878 0.0 1.5168 2.2707 
0615 3 2.8600 3.3000 2.9100 NA NA NA 0.0 NA NA 
0659 9 2.5600 3.8700 3.4500 3.2678 0.4763 0.1457 0.0 2.8080 3.n75 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOwN 
UNKNOWN 
UNKNOWN 

NORMAL 
UNKNOWN 
NORMAL 

NONPARAMETRIC 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NORMAL 
UNKNOWN 
NORMAL 

FOOT 
NOTE 

1 
1 

1 
1 
1 

1 

2,4 

1 
1 
1 
1 

1 

4) The stat. range is the 87.5X confidence Interval due to a sample size of 4. The maximum is the 93.8X one sided confidence int • 
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TABLE D.7.19 • GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT SHINARUMP MONITOR WELLS 
SITE: MON01 MONUMENT VALLEY 
04/17/85 T0-11/23/92 ' 
REPORT DATE: 02!10/93 .,_ 

PARAMETER NAME I UNITS I " COEFF. ~OF. STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIAyiON VARIATION DETECTS MINIMUM MAXIMUM * 

POTASSIUM I MG/L I .• 

0660 7 0.5100 1.0400 0.7000 0.7114 0~ 1753 0.2465 0.0 0.5031 0.9197 

RADIUM-226 I PCI/L I ... 
: 
c 

0614 6 ** 0.8000 3.5000 ** 0.8000 0.8532 2:0695 NA 0.0 ** 0.8000 2.3173 
0615 3 ** 0.1000 1.6000 1.5000 NA NA NA 33.3 NA NA 
0659 7 1.5000 6.9000 4.0000 4.2286 1 ~ 7595 0.4161 0.0 2.1384 6.3187 
0660 5 ** 0.1000 0.8000 0.5000 NA NA NA 20.0 ** 0.1000 0.8000 

RADIUM-226 + RADIUM-228 I PCI/L J 
0614 6 1.0000 4.1000 + 1.3000 1. 7167 1.1771 0.6857 0.0 0.0996 3.3338 
0615 3 0.5500 1.8000 1.7000 NA NA NA 0.0 NA NA 
0659 7 2.0000 11.1000 5.5000 5.9143 2.7787 0.4698 0.0 2.6133 9.2153 
0660 5 0.7000 2.1500 1.5000 1.4500 0.5701 0.3932 0.0 0.4947 2.4053 

RADIUM-228 I PCI/L J .. 
0614 6 ** 1.0000 ** 1.0000 ** 1.0000 NA NA NA 66.7 ** 1.0000 ** 1.0000 
0615 3 ** 0.9000 ** 0.9000 ** 0.9000 NA NA NA 0.0 NA NA 
0659 7 ** 1.0000 4.2000 1.5000 1.6857 1.2171 0.7220 14.3 ** 1.0000 3.1316 
0660 5 ** 0.9000 2.1000 0.9000 . 0.9600 0.7092 0.7388 0.0 ** 0.9000 2.1485 

SELENIUM I MG/L I 
0614 8 ** 0.0050 0.0080 ** 0.0050 NA NA NA 75.0 ** 0.0050 0.0080 
0615 3 ** 0.0050 ** 0.0050 ** 0.0050 NA NA NA 100.0 NA NA 
0659 8 ** 0.0050 ** 0.0050 ** 0.0050 NA NA NA 100.0 ** 0.0050 ** 0.0050 
0660 7 ** 0.0050 ** 0.0050 ** 0.0050 NA NA NA 100.0 ** 0.0050 ** 0.0050 

SILICA • SI02 I MG/L I 
0614 6 12.0000. 14.0000 + 13.9500 13.4833 0~8256 0.0612 0.0 12.3491 14.6175 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2> The nonparametric distribution was used because the nondetected values ComPrise more than 15X of the samples. 

i. 

DISTRIBUTION 
TYPE 

NORMAL 

LOGNORMAL 
UNKNOWN 
NORMAL 

NONPARAMETRIC 

NORMAL 
UNKNOWN 
NORMAL 
NORMAL 

NONPARAMETRIC 
UNKNOWN 
NORMAL 
NORMAL 

NONPARAMETRIC 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

NORMAL 

FOOT 
NOTE 

7,8 
1 

2,5 

1 

2,6 
1 

2 
1 
2 
2 

5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9X one sided confidence int. 
6) The stat. range is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int. 
7> The lognormal distribution was used because the data failed the normal distribution test. 
8) The mean is geometric. The standard deviation is the value to divide or multiply with the geometric mean. 
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TABLE D.7.19 • GROUNDWATER QUALITY STATISTICS BY LOCATION: All DOWNGRADIENT 
AND CROSS GRADIENT SHINARUMP MONITOR WELLS 
SITE: MON01 MONUMENT VALLEY 
04/17/85 TO 11/23/92 i 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. " OF STATISTICAL RANGE 
STANDARD OF NON 98% CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

SILICA - SI02 I MG/l I 
0615 3 8.0000 9.0000 9.0000 NA NA NA 0.0 NA NA 
0659 6 12.0000 14.4000 + 14.0000 13.7333 .Q.8641 0.0629 0.0 12.5463 14.9204 
0660 5 10.0000 13.0000 12.0000 11.9200 1~1541 0.0968 0.0 9.9860 13.8540 

SILVER I MG/l I 
0614 6 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 ** 0.0100 ** 0.0100 
0615 3 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0659 6 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 ** 0.0100 ** 0.0100 
0660 5 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 ** 0.0100 ** 0.0100 

SODIUM I MG/l I 
0614 8 25.2000 31.5000 + 28.1500 28.4250 2.3m 0.0836 0.0 25.9047 30.9453 
0615 3 64.1000 92.1000 78.4000 NA NA NA o.o NA NA 
0659 9 67.7000 n.5ooo 73.6000 73.2333 3.4398 0.0470 0.0 69.9127 76.5539 
0660 7 100.0000 114.0000 111.0000 108.8571 5.8716 0.0539 0.0 101.8820 115.8323 

SPECIFIC CONDUCTANCE I UMHO/CM I 
0614 9 7.8000 950.0000 650.0000 626.9n8 274.5168 0.4378 0.0 361.9n6 891.9780 
0615 4 360.0000 440.0000 + 389.5000 394.7500 33.2202 0.0842 0.0 319.3235 470.1765 
0659 10 260.0000 628.0000 + 462.5000 4n.6ooo 104.4501 0.2187 0.0 384.4223 57o.nn 
0660 7 250.0000 492.0000 385.0000 374.4286 72.2700 0.1930 0.0 288.5760 460.2812 

STRONTIUM I MG/l I 
0614 5 ** 0.1000 0.7000 0.6000 NA NA NA 40.0 ** 0.1000 0.7000 
0615 2 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0659 6 0.2000 0.3000 + 0.2500 0.2450 0.0399 0.1628 0.0 0.1902 0.2998 
0660 4 0.0400 0.1000 + 0.0500 NA NA NA 50.0 0.0400 0.1000 

SULFATE I MG/l I 
0614 8 179.0000 312.3000 + 249.5000 246.7875 39.6390 0.1606 0.0 204.n21 288.8029 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value fs the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15" of the samples. 

DISTRIBUTION 
TYPE 

UNKNOWN 
NORMAL 
NORMAL 

NONPARAMETRIC 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

NORMAL 
UNKNOWN 
NORMAL 
NORMAL 

NORMAL 
NORMAL 
NORMAL 
NORMAL 

NONPARAMETRIC 
UNKNOWN 
NORMAL 

NONPARAMETRIC 

NORMAL 

FOOT 
NOTE 

1 

2,6 
1 
2,6 
2,5 

1 

2,5 
1 

2,4 

4) The stat. range is the 87.5" confidence interval due to a sample size of 4. The maximum is the 93.8" one sided confidence int. 
5) The stat~ range fa the 93.8" confidence interval due to a sample size of 5. The maximum fs the 96.9% one sided confidence int. 
6) The stat. range is the 96.9% confidence interval due to a sample size of 6. The maximum is the 98.5" one sided confidence int • 
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• •• TABLE D.7.19 • GROUNDWATER QUALITY STATISTICS BY LOCATION: All DOWNGRADIENT 
AND CROSS GRADIENT SHINARUMP MONITOR WELLS 
SITE: MON01 MONUMENT VALLEY 
04/17/85 TO .11/23/92 
REPORT DATE: 02/10/93 

, ... 

PARAMETER NAME I UNITS J COEFF. >~ OF STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM 

SULFATE I MG[l J 
0615 3 62.0000 74.0000 70.4000 NA NA NA 0.0 NA 
0659 9 84.0000 145.7000 109.0000 101.m8 17~0460 0.1582 0.0 91.3227 
0660 7 11.9000 29.0000 27.0000 24.5143 5.8647 0.2392 0.0 17.5474 

SULFIDE I MG/L I 
0614 4 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 ** 0.1000 
0615 3 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA 
0659 3 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA 
0660 3 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA 

TEMPERATURE I c - DEGREEI 

0614 9 12.9000 20.0000 17.0000 16.8444 1.8501 0.1098 0.0 15.0585 
0615 4 15.7000 18.0000 + 16.2500 16.5500 1.0214 0.0617 0.0 14.2308 
0659 10 15.4000 18.0000 + 16.2500 16.3900 0.8252 0.0503 0.0 15.6538 
0660 7 15.6000 17.5000 17.0000 16.6571 0.7786 0.0467 o.o 15.7322 

THALLIUM I MG/l I 
0614 4 ** 0.0100 0.0500 ** 0.0100 NA NA NA 100.0 ** 0.0100 
0615 1 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA 
0659 5 ** 0.0.100 0.0500 ** 0.0100 NA NA NA 100.0 ** 0.0100 
0660 4 ** 0.0100 0.0500 ** 0.0100 NA NA NA 100.0 ** 0.0100 

THORIUM-230 I PCI/L I 
0614 4 ** 0.1000 0.6000 + 0.2250 NA NA NA 25.0 ** 0.1000 
0615 2 ** 0.9000 ** 0.9000 ** 0.9000 NA NA NA 0.0 NA 
0659 3 ** 1.0000 1.1000 ** 1.0000 NA NA NA 0.0 NA 
0660 2 ** 0.8000 ** 0.8000 ** 0.8000 NA NA NA 0.0 NA 

TIN I MG/L I 
0614 6 ** 0.0050 ** 0.0050 ** 0.0050 NA NA NA 100.0 ** 0.0050 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 

MAXIMUM * 

NA 
124.2329 
31.4812 

** 0.1000 
NA 
NA 
NA 

18.6304 
18.8692 
17.1262 
17.5821 

0.0500 
NA 
0.0500 
0.0500 

0.6000 
NA 
NA 
NA 

** 0.0050 

2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

UNKNOWN 
NORMAL 
NORMAL 

NONPARAMETRIC 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NORMAL 
NORMAL 
NORMAL 
NORMAL 

NONPARAMETRIC 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

NONPARAMETRIC 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 

FOOT 
NOTE 

1 

2,4 
1 
1 
1 

2,4 
1 
2,5 
2,4 

2,4 
1 
1 
1 

2,6 

4) The stat. range is the 87.5X confidence interval due to a sample size of 4. The maximum is the 93.8X one sided confidence int. 
5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9X one sided confidence int. 
6) The stat. range is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int. 
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TABLE D.7.19- GROUNDWATER QUALITY STATISTICS BY LOCATION: All DOWNGRADIENT 
AND CROSS GRADIENT SHINARUMP MONITOR WELLS 
SITE: MON01 MONUMENT VALLEY 
04/17/85 TO 11/23/92 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. X OF STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

TIN I MG/l I 
0615 3 ** 0.0050 ** 0.0050 ** 0.0050 NA NA NA 100.0 NA NA 
0659 6 ** 0.0050 0.0050 ** 0.0050 NA NA NA 100.0 ** 0.0050 0.0050 
0660 5 ** 0.0050 ** 0.0050 ** 0.0050 NA NA NA 100.0 ** 0.0050 ** 0.0050 

TOTAL DISSOLVED SOLIDS I MG/l I 
0614 8 446.0000 644.0000 + 603.0000 588.8750 62.8955 0.1068 0.0 522.2088 655.5412 
0615 3 301.0000 327.0000 309.0000 NA NA NA 0.0 NA NA 
0659 9 316.0000 388.0000 355.0000 358.6667 24.9900 0.0697 0.0 334.5430 382.7903 
0660 7 260.0000 299.0000 281.0000 280.0000 14.5373 0.0519 0.0 262.7305 297.2695 

TOTAL ORGANIC CARBON I MG/l I 
0614 4 5.0000 39.0000 + 32.7500 27.3750 15.2062 0.5555 0.0 ** 1.0000 61.9007 
0615 2 26.0000 39.0000 + 32.5000 NA NA NA 0.0 NA NA 
0659 4 ** 1.0000 46.0000 + 22.2500 NA NA NA 50.0 ** 1.0000 46.0000 
0660 2 46.0000 55.7000 + 50.8500 NA NA NA 0.0 NA NA 

TOTAL ORGANIC HALOGENS I MG/l I 
0614 1 ** 0.0030 ** 0.0030 ** 0.0030 NA NA NA 100.0 NA NA 
0615 1 0.0030 0.0030 0.0030 NA NA NA 0.0 NA NA 

URANIUM I MG/l I 
0614 8 0.0249 0.0360 + 0.0314 0.0313 0.0031 0.0997 0.0 0.0280 0.0346 
0615 3 0.0007 0.0072 0.0057 NA NA NA 0.0 NA NA 
0659 9 0.0005 0.0031 0.0017 0.0017 0.0007 0.4265 11.1 0.0010 0.0024 
0660 7 ** 0.0003 0.0210 0.0015 NA NA NA 42.9 ** 0.0003 0.0210 

VANADIUM I MG/l I 
0614 7 ** 0.0100 0.6000 ** 0.0100 NA NA NA 57.1 ** 0.0100 0.6000 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a= 0~01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

UNKNOWN 
NONPARAMETRIC 
NONPARAMETRIC 

NORMAL 
UNKNOWN 
NORMAL 
NORMAL 

NORMAL 
UNKNOWN 

NONPARAMETRIC 
UNKNOWN 

UNKNOWN 
UNKNOWN 

NORMAL 
UNKNOWN 
NORMAL 

NONPARAMETRIC 

NONPARAMETRIC 

FOOT 
NOTE 

1 
2,6 
2,5 

1 

1 
2,4 
1 

1 
1 

1 

2 

2 

4) The stat. range is the 87.5X confidence interval due to a sample size of 4. The maximum is the 93.8X one sided confidence int. 
5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9X one sided confidence int. 
6) The stat. range is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int • 
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• •• TABLE D.7.19- GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT SHINARUMP MONITOR WELLS 
SITE: MON01 MONUMENT VALLEY 

. 04/17/85 TO. 11/23/92 . 
REPORT DATE: 02/10/93 : 

PARAMETER NAME I UNITS I COEFF. . X OF. 
STANDARD OF NON 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS 

VANADIUM I MG/L I 
0615 3 ** 0.0100 0.7000 ** 0.0100 NA NA NA 66.7 
0659 8 ** 0.0100 0.3500 ** 0.0100 NA NA NA 75.0 
0660 6 ** 0.0100 0.4400 ** 0.0100 NA NA NA 66.7 

ZINC I MG/L I 
0614 7 ** 0.0050 0.8600 0.0050 NA NA NA 42.9 
0615 3 ** 0.0050 0.0550 0.0100 NA NA NA 33.3 
0659 8 ** 0.0050 0.0840 ** 0.0050 NA NA NA 62.5 
0660 6 ** 0.0050 0.0170 ** 0.0050 NA NA NA 50.0 

**The reported value is the minimum detection limit of the data set 
* The statistical maximum is the 99 percent one sided confidence Interval, « = 0.01 
1> A minimum of 4 samples must be available for the statistical analysis. 

STATISTICAL RANGE 
98% CONFIDENCE INTERVAL DISTRIBUTION 

MINIMUM MAXIMUM* TYPE 

NA NA UNKNOWN 
** 0.0100 0.3500 NONPARAMETRIC 
** 0.0100 0.4400 NONPARAMETRIC 

** 0.0050 0.8600 NONPARAMETRIC 
NA NA UNKNOWN 

** 0.0050 0.0840 NONPARAMETRIC 
** 0.0050 0.0170 NONPARAMETRIC 

FOOT 
NOTE 

1 
2 
2,6 

2 
1 
2 
2,6 

2) The nonparametric distribution was used because the nondetected values comprise more than 15% of the samples. 
6) The stat. range is the 96.9% confidence interval due to a sample size of 6. The maximum is the 98.5% one sided confidence Int. 

INPUT DATA FILENAME: M:\DART\MON01\GWQ10014.DAT 
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TABLE D.7.20 • GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT AND ON SITE MONITOR WELLS IN THE DECHELLY FORMATION 
SITE: MON01 MONUMENT VALLEY 
06/08/82 TO 11/21/92 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. % OF STATISTICAL RANGE 
STANDARD OF NON 98% CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

ALKALINITY I MG/L CAC031 

0608 2 161.0000 167.0000 + 164.0000 NA NA NA 0.0 NA NA 
0611 3 207.0000 224.0000 209.0000 NA NA NA 0.0 NA NA 
0618 2 145.0000 147.0000 + 146.0000 NA NA NA 0.0 NA NA 
0619 2 180.0000 192.0000 + 186.0000 NA NA NA 0.0 NA NA 
0625 4 199.0000 225.0000 + 219.0000 215.5000 11.3578 0.0527 0.0 189.7121 241.2879 
0657 7 189.0000 227.0000 200.0000 203.5714 13.6609 0.0671 0.0 187.3431 219.7997 
0663 9 141.0000 218.0000 190.0000 190.m8 21.6436 0.1134 0.0 169.8845 211.6710 
0664 2 207.0000 233.0000 + 220.0000 NA NA NA 0.0 NA NA 
0668 3 160.0000 189.0000 178.0000 NA NA NA 0.0 NA NA 

ALUMINUM I MG/L I 
0608 2 0.2000 '0.7000 + 0.4500 NA NA NA 0.0 NA NA 
0611 3 ** 0.1000 0.8000 0.2000 NA NA NA 33.3 NA NA 
0618 3 0.1300 0.6000 0.3000 NA NA NA 0.0 NA NA 
0619 2 0.2000 0.6000 + 0.4000 NA NA NA 0.0 NA NA 
0625 3 ** 0.0500 0.3000 0.3000 NA NA NA 33.3 NA NA 
0657 6 ** 0.1000 0.3000 ** 0.1000 NA NA NA 66.7 ** 0.1000 0.3000 
0663 7 ** 0.0500 0.3000 0.0500 NA NA NA 71.4 ** 0.0500 0.3000 
0664 2 0.2000 0.3000 + 0.2500 NA NA NA 0.0 NA NA 
0668 3 ** 0.1000 0.3000 0.3000 NA NA NA 33.3 NA NA 

AMMONIUM I MG/L I 
0608 2 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0611 3 ** 0.1000 ** 0.1000 ** o. 1000 NA NA NA 100.0 NA NA 
0618 2 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0619 2 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0625 3 ""* 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0657 7 ""* 0.1000 1.4000 ** 0.1000 NA NA NA 71.4 ** 0.1000 1.4000 
0663 8 ** 0.1000 0.6000 ** 0.1000 NA NA NA 50.0 ** 0.1000 0.6000 
0664 2 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0668 3 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 

ANTIMONY I MG/L I 
0608 2 ** 0.0030 0.0060 + 0.0037 NA NA NA 50.0 NA NA 

**The reported value fs the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum Is the 99 percent one sided confidence interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysts. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15% of the samples. 

DISTRIBUTION 
TYPE 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
NORMAL 
NORMAL 
NORMAL 
UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 

UNKNOWN 

FOOT 
NOTE 

1 
1 
1 
1 

1 
1 

1 
1 
1 
1 
1 
2,6 
2 
1 
1 

1 
1 
1 
1 
1 
2 
2 
1 
1 

1 

6) The stat. range is the 96.9% confidence interval due ·to a sample size of 6. The maximum is the 98.5% one sided confidence int • 
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• • TABLE D.7.20 • GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT AND ON SITE MONITOR WELLS IN THE DECHELLY FORMATION 
SITE: MON01 MONUMENT VALLEY 
06/08/82 TO 11/21/92 . 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. !:x oF- STAT~STICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

ANTIMONY I MG/L I ,. 

0611 3 ** 0.0030 0.0040 ** 0.0030 NA NA NA 66.7 NA NA 
0618 2 ** 0.0030 ** 0.0030 ** 0.0030 NA NA NA 100.0 NA NA 
0619 2 ** 0.0030 ** 0.0030 ** 0.0030 NA NA NA 100.0 NA NA 
0625 2 ** 0.0030 0.0050 + 0.0033 NA NA NA 50.0 NA NA 
0657 5 ** 0.0030 ** 0.0030 ** 0.0030 NA NA NA 100.0 ** 0.0030 ** 0.0030 
0663 6 ** 0.0030 ** 0.0030 ** 0.0030 NA NA NA 100.0 ** 0.0030 ** 0.0030 
0664 1 ** 0.0030 ** 0.0030 ** 0.0030 NA NA NA 100.0 NA NA 
0668 2 ** 0.0030 ** 0.0030 ** 0.0030 NA NA NA 100.0 NA NA 

ARSENIC I MG/L I 
0608 2 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0611 3 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0618 3 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0619 2 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0625 3 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0657 7 0.0010 0.0050 0.0050 NA NA NA 85.7 0.0010 0.0050 
0663 8 0.0020 0.0050 + 0.0050 NA NA NA 87.5 0.0020 0.0050 
0664 2 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0668 3 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 

BARIUM I MG/L I 
0608 2 ** 0.1000 0.4000 + 0.2250 NA NA NA 50.0 NA NA 
0611 3 ** 0.1000 0.5000 ** 0.1000 NA NA NA 66.7 NA NA 
0618 2 ** 0.1000 0.4000 + 0.2250 NA NA NA 50.0 NA NA 
0619 2 ** 0.1000 0.3000 + 0.1750 NA NA NA 50.0 NA NA 
0625 2 0.0600 0.5000 + 0.2800 NA NA NA 0.0 NA NA 
0657 5 0.2000 0.2000 0.2000 0.2000 0.0000 0.0000 o.o 0.2000 0.2000 
0663 6 0.0500 0.2000 + 0.0600 NA NA NA 50.0 0.0500 0.2000 
0664 1 0.4000 0.4000 0.4000 NA NA NA 0.0 NA NA 
0668 2 ** 0.1000 0.3000 + 0.1750 NA NA NA 50.0 NA NA 

BERYLLIUM I MG/L I 
0611 1 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 

** Th~ reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a= 0.01 
1) A minimum of· 4 samples must be available for the statistical analysis. 

DISTRIBUTION 
TYPE 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
NORMAL 

NONPARAMETRIC 
UNKNOWN 
UNKNOWN 

UNKNOWN 

FOOT 
NOTE 

1 
1 
1 
1 
2,5 
2,6 
1 
1 

1 
1 
1 
1 
1 
2 
2 
1 
1 

1 
1 
1 
1 
1 

2,6 
1 
1 

1 

2> The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 
5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9X one sided confidence int. 
6) The stat. range is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int. 
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TABLE D.7.20 • GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT AND ON SITE MONITOR WELLS IN THE DECHELLY FORMATION 
SITE: MON01 MONUMENT VALLEY 
06/08/82 TO 11/21/92 
REPORT PATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. % OF STATISTICAL RANGE 
STANDARD OF NON 98% CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

BERYLLIUM I MG/L I 
0657 4 ** 0.0050 0.0050 + 0.0050 NA NA NA 100.0 ** 0.0050 0.0050 
0663 4 ** 0.0050 0.0050 ** 0.0050 NA NA NA 100.0 ** 0.0050 0.0050 
0668 1 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 

BICARBONATE • HC03 I MG/L I 
0618 1 175.0000 175.0000 175.0000 NA NA NA 0.0 NA NA 

BORON I MG/L I -

0608 2 0.2000 0.4000 + 0.3000 NA NA NA 0.0 NA NA 
0611 3 ** 0.1000 1.2000 0.3000 NA NA NA 33.3 NA NA 
0618 2 0.3000 0.9000 + 0.6000 NA NA NA 0.0 NA NA 
0619 2 0.4000 0.8000 + 0.6000 NA NA NA 0.0 NA NA 
0625 2 ** 0.1009 0.4000 + 0.2250 NA NA NA 50.0 NA NA 
0657 6 ** 0.1000 0.3000 ** 0.1000 NA NA NA 66.7 ** 0.1000 0.3000 
0663 6 0.0500 0.2000 + 0.0500 NA NA NA 66.7 0.0500 0.2000 
0664 2 ** 0.1000 0.1000 ** 0.1000 NA NA NA 50.0 NA NA 
0668 3 ** 0.1000 0.1000 ** 0.1000 NA NA NA 66.7 NA NA 

BROMIDE I MG/L I 
0608 1 ** 2.0000 ** 2.0000 ** 2.0000 NA NA NA 100.0 NA NA 
0611 1 ** 2.0000 ** 2.0000 ** 2.0000 NA NA NA 100.0 NA NA 
0618 1 ** 2.0000 ** 2.0000 ** 2.0000 NA NA NA 100.0 NA NA 
0619 1 ** 2.0000 ** 2.0000 ** 2.0000 NA NA NA 100.0 NA NA 
0657 1 **. 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0663 2 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 

CADMIUM I MG/L I 
0608 2 ** 0.0010 ** 0.0010 ** 0.0010 NA NA NA 100.0 NA NA 
0611 3 ** 0.0010 ** 0.0010 ** 0.0010 NA NA NA 100.0 NA NA 
0618 2 ** 0.0010 ** 0.0010 ** 0.0010 NA NA NA 100.0 NA NA 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, ~ = 0.01 
1) A minimum of 4 samples must be available for the statistical anal.ysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15% of the samples. 

DISTRIBUTION 
TYPE 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 

UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 

FOOT 
NOTE 

2,4 
2,4 
1 

1 

1 
1 
1 
1 
1 
2,6 
2,6 
1 
1 

1 
1 
1 
1 
1 
1 

1 
1 
1 

4) The stat. range is the 87.5% confidence interval due to a sample size of 4. The maximum is the 93.8% one sided confidence.int. 
6) The stat. range is the 96.9% confidence interval due to a sample size of 6. The maximum is the 98.5% one sided confidence tnt • 
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• • TABLE D.7.20 • GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT AND ON SITE MONITOR WELLS IN THE DECHELLY FORMATION 
SITE: MON01 MONUMENT VALLEY 
06/08/82 TO 11/21/92 
REPORT DATE: 02/10/93 · ·· 

PARAMETER NAME -- I UNITS I COEFF. \tX· O.f STATISTICAL RANGE 
STANDARD OF NON 98% CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

CADMIUM I MG/L I " 

0619 2 ** 0.0010 ** 0.0010 ** 0.0010 NA NA NA 100.0 NA NA 
0625 3 ** 0.0010 ** 0.0010 ** 0.0010 NA NA NA 100.0 NA NA 
0657 7 ** 0.0010 0.0050 ** 0.0010 NA NA NA 85.7 ** 0.0010 0.0050 
0663 8 ** 0.0005 0.0030 + 0.0005 NA NA NA 87.5 ** 0.0005 0.0030 
0664 2 ** 0.0010 ** 0.0010 ** 0.0010 NA NA NA 100.0 NA NA 
0668 3 ** 0.0010 ** 0.0010 ** 0.0010 NA NA NA 100.0 NA NA 

CALCIUM I MG/L I 
0608 2 26.2000 29.9000 + .28.0500 NA NA NA 0.0 NA NA 
0611 3 16.8000 19.0000 17.3000 NA · NA NA 0.0 NA NA 
0618 3 30.6000 35.7000 31.7000 NA NA NA 0.0 NA NA 
0619 2 37.1000 40.3000 + 38.7000 NA NA NA 0.0 NA NA 
0625 3 3.0000 3.4100 3.0400 NA NA NA 0.0 NA NA 
0657 7 60.2000 80.6000 65.5000 67.4143 6.7192 0.0997 0.0 59.4322 75.3963 
0663 8 2.8800 16.8000 + 13.7000 11.9312 4.9159 0.4120 o.o 6.7206 17.1419 
0664 2 13.4000 16.6000 + 15.0000 NA NA NA 0.0 NA NA 
0668 3 6.0400 9.8800 7.0000 NA NA NA 0.0 NA NA 

CHLORIDE I MG/L I ' 

0608 2 5.6000 8.0000 + 6.8000 NA NA NA 0.0 NA NA 
0611 3 7.4000 13.0000 9.6000 NA NA NA 0.0 NA NA 
0618 3 3.0000 5.0000 3.0000 NA NA NA 0.0 NA NA 
0619 2 5.8000 8.0000 + 6.9000 NA NA NA 0.0 NA NA 
0625 3 8.8000 10.0000 9.5000 NA NA NA 0.0 NA NA 
0657 7 5.0000 10.0000 8.2000 8.0143 1.5625 0.1950 0.0 6.1581 9.8705 
0663 8 7.0000 11.0000 + 9.6000 9.2000 1.2660 0.1376 0.0 7.8581 10.5419 
0664 2 5.0000 9.0000 + 7.0000 NA NA NA 0.0 NA NA 
0668 3 6.1000 8.0000 8.0000 NA NA NA 0.0 NA NA 

CHROMIUM I MG/L I 
0608 2 ** 0.0100 0.0300 + 0.0175 NA NA NA 50.0 NA NA 
0611 3 ** 0.0100 0.0200 ** 0.0100 NA NA NA 66.7 NA NA 
0618 2 ** 0.0100 0.0400 + 0.0225 NA NA NA 50.0 NA NA 

**The reported value is the minimum detection limit of the data set 
+ The Sllq)le s.ize is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a= 0.01 
1) A minimum of 4 Sllq)les must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15% of the samples. 

DISTRIBUTION 
TYPE 

UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
NORMAL 
NORMAL 
UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
NORMAL 
NORMAL 
UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 

• 
FOOT 
NOTE 

1 
1 
2 
2 
1 
1 

1 
1 
1 
1 
1 

1 
1 

1 
1 
1 
1 
1 

1 
1 

1 
1 
1 
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TABLE 0.7.20 • GROUNDWATER QUALITY STATISTICS BY LOCATION: All DOWNGRADIENT 
AND CROSS GRADIENT AND ON SITE MONITOR WELLS IN THE DECHELLY FORMATION 
SITE: MON01 MONUMENT VALLEY 
06/08/82 'TO 11/21/92 : 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. X OF STATISTICAL RANGE 
STANDARD OF NON 98% CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

CHROMIUM I MG/l I 
0619 2 ** 0.0100 0.0300 + 0.0175 NA . NA NA 50.0 NA NA 
0625 3 ** 0.0100 0.0300 0.0300 NA ~ NA NA 33.3 NA NA 
0657 6 ** 0.0100 0.0700 ** 0.0100 NA NA NA 50.0 ** 0.0100 0.0700 
0663 1 ** 0.0100 0.0300 ** 0.0100 NA" NA NA 85.7 ** 0.0100 0.0300 
0664 2 0.0100 0.0500 + 0.0300 NA NA NA 0.0 NA NA 
0668 3 ** 0.0100 0.0600 . 0.0200 NA NA NA 33.3 NA NA 

COBALT I MG/l I 
0608 2 ** 0.0500 ** 0.0500 ** 0.0500 NA NA NA 100.0 NA NA 
0611 3 ** 0.0500 0.0500 ** 0.0500 NA NA NA 66.7 NA NA 
0618 2 ** 0.0500 ** 0.0500 ** 0.0500 NA NA NA 100.0 NA NA 
0619 2 ** 0.0500 ** 0.0500 ** 0.0500 NA NA NA 100.0 NA NA 
0625 2 ** 0.0500 ** 0.0500 ** 0.0500 NA NA NA 100.0 NA NA 
0657 6 ** 0.0500 ** 0.0500 ** 0.0500 NA NA NA 100.0 ** 0.0500 ** 0.0500 
0663 6 ** 0.0300 ** 0.0300 ** 0.0300 NA NA NA 100.0 ** 0.0300 ** 0.0300 
0664 2 ** 0.0500 ** 0.0500 ** 0.0500 NA NA NA 100.0 NA NA 
0668 3 ** 0.0500 0.0700 ** 0.0500 NA NA NA 66.7 NA NA 

COPPER I MG/l I 
0608 2 ** 0.0200 ** 0.0200 ** 0.0200 NA NA NA 100.0 NA NA 
0611 3 ** 0.0200 ** 0.0200 ** 0.0200 NA NA NA 100.0 NA NA 
0618 2 ** 0.0200 ** 0.0200 ** 0.0200 NA NA NA 100.0 NA NA 
0619 2 ** 0.0200 ** 0.0200 ** 0.0200 NA NA NA 100.0 NA NA 
0625 1 ** 0.0200 ** 0.0200 ** 0.0200 NA NA NA 100.0 NA NA 
0657 5 ** 0.0200 ** 0.0200 ** 0.0200 NA NA NA 100.0 ** 0.0200 ** 0.0200 
0663 5 ** 0.0100 0.0100 0.0100 NA NA NA 100.0 ** 0.0100 0.0100 
0664 1 ** 0.0200 ** 0.0200 ** 0.0200 NA NA NA 100.0 NA NA 
0668 2 ** 0.0200 0.0200 ** 0.0200 NA NA NA 50.0 NA NA 

CYANIDE I MG/l I 
0608 2 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 

**The reported value fs the mfnfmum detection lfmft of the data set 
+ The sample size fs even, so the median value fs the arithmetic average of the two middle values 
* The statistical maximum fs the 99 percent one sided confidence interval, « = 0.01 
1) A minimum of 4 samples must be available for the statistical analysts. 

DISTRIBUTION 
TYPE 

UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 

UNKNOWN 

FOOT 
NOTE 

1 
1 
2,6 
2 
1 
1 

1 
1 
1 
1 
1 
2,6 
2,6 
1 
1 

1 
1 
1 
1 
1 
2,5 
2,5 
1 
1 

1 

2) The nonparametrfc distribution was used because the nondetected values comprise more than 15~ of the samples. 
5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9X one sided confidence Int. 
6) The stat. range fs the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int • 
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• TABLE D.7.20 • GROUNDWATER QUALITY STATISTICS BY LOCATION: All DOWNGRADIENT 
AND CROSS GRADIENT AND ON SITE MONITOR WELLS IN THE DECHELLY FORMATION 
SITE: MON01., MONUMENT VALLEY. , :t 
06/08/82 TO "11/21/92 . -
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. x.oF. STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

CYANIDE I MG/l I : 

0611 3 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0618 2 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0619 2 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0625 1 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0657 3 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0663 3 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0664 1 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0668 2 ** 0.0100 ** 0.0100 *"' 0.0100 NA NA NA 100.0 NA NA 

DISSOLVED OXYGEN I MG/l I 
0663 1 1.6000 1.6000 1.6000 NA NA NA 0.0 NA NA . 
FLUORIDE I MG/l I 
0608 2 0.2000 0.4000 + 0.3000 NA NA NA 0.0 NA NA 
0611 3 0.3000 0.4000 0.3000 NA NA NA 0.0 NA NA 
0618 3 0.2000 0.5000 0.4000 NA NA NA 33.3 NA NA 
0619 2 0.3000 0.3000 + 0.3000 NA NA NA o.o NA NA 
0625 1 0.5000 0.5000 0.5000 NA NA NA 0.0 NA NA 
0657. 5 ** 0.1000 0.2000 0.2000 NA NA NA 20.0 ** 0.1000 0.2000 
0663 5 ** 0.1000 0.3000 0.2000 NA NA NA 20.0 ** 0.1000 0.3000 
0664 1 0.5000 0.5000 0.5000 NA NA NA 0.0 NA NA 
0668 2 ** 0.1000 0.3000 + 0.1750 NA NA NA 50.0 NA NA 

GROSS ALPHA I PCI/l I 
0608 2 6.2000 9.9000 + 8.0500 NA NA NA 0.0 NA NA 
0611 2 2.0000 4.1000 + 3.0500 NA NA NA 0.0 NA NA 
0618 2 3.9000 5.6000 + 4.7500 NA NA NA 0.0 NA NA 
0619 2 18.0000 24.0000 + 21.0000 NA NA NA 0.0 NA NA 
0625 3 1.8000 9.5000 4.8000 NA NA NA 0.0 NA NA 
0657 4 39.0000 49.0000 + 44.0000 44.0000 4.1633 0.0946 0.0 34.5472 53.4528 
0663 6 ** 0.2000 4.0000 + 1.2000 NA NA NA 16.7 ** 0.2000 4.0000 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
NORMAL 

NONPARAMETRIC 

FOOT 
NOTE 

1 
1 
1 
1 
1 
1 
1 
1 

1 

1 
1 
1 
1 
1 
2,5 
2,5 
1 
1 

1 
1 
1 
1 
1 

2,6 

5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9X one sided confidence int. 
6) The stat. range is the·96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int. 
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TABLE D.7.20 • GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT AND ON SITE MONITOR WELLS IN THE DECHELLY FORMATION 
SITE: MON01 MONUMENT VALLEY 
06/08/82"TO 11/21/92 
REPORT DATE: 02/10/93 . 

PARAMETER NAME I UNITS I COEFF. X OF STATISTICAL RANGE 
STANDARD OF NON 98% CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

GROSS ALPHA I PCI/L I 
0664 2 6.1000 7.0000 + 6.5500 NA NA NA 0.0 NA NA 

'• 

0668 2 ** 0.2000 0.8000 + 0.4500 NA NA NA 50.0 NA NA 
\! 

)< 

GROSS BETA I PCI/L J 
0608 2 6.0000 8.5000 + 7.2500 NA NA NA 0.0 NA NA 
0611 2 5.3000 7.7000 + 6.5000 NA NA NA 0.0 NA NA 
0618 2 4.7000 5.0000 + 4.8500 NA NA NA 0.0 NA NA 
0619 2 13.0000 13.0000 + 13.0000 NA NA NA 0.0 NA NA 
0625 3 3.4000 5.6000 5.1000 NA NA NA 0.0 NA NA 
0657 4 13.0000 19.0000 + 15.5000 15.7500 2.7538 0.1748 0.0 9.4975 22.0025 
0663 6 2.8000 14.0000 + 4.4000 5. 7000 4.1967 0.7363 0.0 ** 0.5000 11.4652 
0664 2 7.4000 8.8000 + 8.1000 NA NA NA 0.0 NA NA 
0668 2 4.1000 11.0000 + 7.5500 NA NA NA 0.0 NA NA 

IRON I MG/L I 
0608 2 ** 0.0300 0.0900 + 0.0525 NA NA NA 50.0 NA NA 
0611 3 ** 0.0300 0.0800 0.0400 NA NA NA 33.3 NA NA 
0618 3 0.0300 0.0900 0.0500 NA NA NA 33.3 NA NA 
0619 2 0.0300 0.0800 + 0.0550 NA NA NA o.o NA NA 
0625 3 ** 0.0300 0.1900 0.0500 NA NA NA 33.3 NA NA 
0657 6 ** 0.0300 0.0500 ** 0.0300 NA NA NA 66.7 ** 0.0300 0.0500 
0663 7 ** 0.0300 0.0500 ** 0.0300 NA NA NA 71.4 ** 0.0300 0.0500 
0664 2 0.0600 0.1400 + 0.1000 NA NA NA 0.0 NA NA 
0668 3 ** 0.0300 0.1100 ** 0.0300 NA NA NA 66.7 NA NA 

LEAD I MG/L I 
0608 2 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0611 3 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0618 2 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0619 2 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0625 2 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0657 6 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 ** 0.0100 ** 0.0100 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, u = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values c~rise more than 15% of the sa~les. 

DISTRIBUTION 
TYPE 

UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
NORMAL 
NORMAL 
UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 

FOOT 
NOTE 

1 
1 

1 
1 
1 
1 
1 

1 
1 

1 
1 
1 
1 
1 
2,6 
2 
1 
1 

1 
1 
1 
1 
1 
2,6 

6) The stat. range is the 96.9% confidence interval due to a sample size of 6. The maximum is the 98.5% one sided confidence int • 
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• • TABLE D.7.20 • GROUND~ATER QUALITY STATISTICS BY LOCATION: All D~NGRADIENT 
AND CROSS GRADIENT AND ON SITE MONITOR ~ELLS IN THE DECHELLY FORMATION 

PARAMETER NAME 

LOC. SAMP MINIMUM MAXIMUM 

LEAD 

0663 6 ** 0.0050 0.0050 + 
0664 2 ** 0.0100 ** 0.0100 ** 
0668 3 ** 0.0100 ** 0.0100 ** 

LEAD-210 

0608 2 ** 1.5000 ** 1.5000 ** 
0611 2 ** 1.5000 ** 1.5000 ** 
0618 2 ** 1.2000 ** 1.2000 ** 
0619 2 ** 1.4000 ** 1.4000 ** 
0625 1 ** 0.9000 ** 0.9000 ** 
0657 1 ** 1.5000 ** 1.5000 ** 
0663 1 ** 1.5000 ** 1.5000 ** 
0664 1 1.7000 1.7000 
0668 1 1.5000 1.5000 

MAGNESIUM 

0608 2 21.1000 22.4000 + 
0611 3 18.1000 22.8000 
0618 3 17.0000 18.0000 
0619 2 22.5000 23.9000 + 
0625 3 2.4400 3.2000 
0657 7 38.1000 50.4000 
0663 8 4.3200 14.0000 + 
0664 2 15.1000 18.3000 + 
0668 3 7.5700 17.6000 

MANGANESE 

0608 2 ** 0.0100 ** 0.0100 ** 
0611 3 ** 0.0100 0.2100 
0618 2 ** 0.0100 ** 0.0100 ** 
0619 2 ** 0.0100 0.0200 + 
0625 3 ** 0.0100 0.0200 

I UNITS 

MEDIAN 

I MG/l 

0.0050 
0.0100 
0.0100 

I PCI/L 

1.5000 
1.5000 
1.2000 
1.4000 
0.9000 
1.5000 
1.5000 
1.7000 
1.5000 

I MG/L 

21.7500 
18.8000 
17.1000 
23.2000 
2.6900 

45.8000 
10.8500 
16.7000 
11.5000 

I MG/L 

0.0100 
0.0400 
0.0100 
0.0125 
0.0200 

SITE: .MON01, MONUMENT VALLEY 
'06/08/82 To· 11/21/92 

REPORT DATE: 02/10/93 · 

I COEFF. 
STANDARD OF 

MEAN DEVIATION VARIATION 

I 
NA NA NA 
NA NA NA 
NA NA NA 

I 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

I 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

44.9714 4.1512 0.0923 . 9.4863 3.9990 0.4216 
NA NA NA 
NA NA NA 

I 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

**The reported value is the minimum detection limit of the data set 

. ' 

X OF STATISTICAL RANGE 
NON 98X CONFIDENCE INTERVAL 

DETECTS MINIMUM MAXIMUM * 

100.0 ** 0.0050 0.0050 
100.0 NA NA 
100.0 NA NA 

50.0 NA NA 
100.0 NA NA 
50.0 NA NA 
0.0 NA NA 
0.0 NA NA 
0.0 NA NA 
0.0 NA NA 
0.0 NA NA 
0.0 NA NA 

0.0 NA NA 
o.o NA NA 
0.0 NA NA 
0.0 NA NA 
0.0 NA NA 
o.o 40.0401 49.9028 
o.o 5.2475 13.7250 
0.0 NA NA 
0.0 NA NA 

100.0 NA NA 
33.3 NA NA 

100.0 NA NA 
50.0 NA NA 
33.3 NA NA 

+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a= 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

NONPARAMETRIC 
UNKN~ 

UNKN~ 

UNKN~ 
UNKN~ 

UNKN~ 
UNKN~ 

UNKN~N 

UNKN~ 

UNKN~N 

UNKN~ 
UNKN~N 

UN KNOW 
UNKN~N 

UNKN~ 
UNKN~ 

UNKNO'JN 
NORMAL 
NORMAL 
UNKN~ 

UNKN~N 

UNKN~ 

UNKN~ 
UNKN~ 

UNKN~N 

UNKN~ 

FOOT 
NOTE 

2,6 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 

1 
1 
1 
1 
1 

6) The stat. range is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int. 
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TABLE D.7.20 • GROUNDWATER QUALITY STATISTICS BY LOCATION: All DOWNGRADIENT 
AND CROSS GRADIENT AND ON SITE MONITOR WELLS IN THE DECHELLY FORMATION 
SITE: MON01 MONUMENT VALLEY· 
06/08/82 TO 11/21/92 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. % OF STATISTICAL RANGE 
STANDARD OF NON 98% CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

MANGANESE I MG/l I 
0657 6 ** 0.0100 0.0600 ** 0.0100 NA NA, NA 66.7 ** 0.0100 0.0600 
0663 7 0.0200 0.0300 0.0300 0.0271 0.0049 0.1798 0.0 0.0213 0.0329 
0664 2 0.0600 0.1100 + 0.0850 NA NA NA 0.0 NA NA 
0668 3 ** 0.0100 0.0400 0.0200 NA NA NA 33.3 NA NA 

MERCURY I MG/l J 
0608 2 "'* 0.0002 ** 0.0002 ** 0.0002 NA NA NA 100.0 NA NA 
0611 3 . ., 0.0002 ** 0.0002 ** 0.0002 NA NA NA 100.0 NA NA 
0618 2 ** 0.0002 0.0008 + 0.0005 NA NA NA 50.0 NA NA 
0619 2 ** 0.0002 ** 0.0002' ** 0.0002 NA NA NA 100.0 NA NA 
0625 1 0 ** 0.0002 ** 0.0002 ** 0.0002 NA NA NA 100.0 NA NA 
0657 4 ** 0.0002 ** 0.0002 ** 0.0002 NA NA NA 100.0 ** 0.0002 ** 0.0002 
0663 3 ** 0.0002 ** 0.0002 ** 0.0002 NA NA NA 100.0 NA NA 
0664 1 ** 0.0002 ** 0.0002 ** 0.0002 NA NA NA 100.0 NA NA 
0668 2 . ., 0.0002 0.0005 + 0.0003 NA NA NA 50.0 NA NA 

MOLYBDENUM I MG/l .I 
0608 2 ** 0.0100 0.0100 ** 0.0100 NA NA NA 50.0 NA NA 
0611 3 ** 0.0100 0.1600 ** 0.0100 NA NA NA 66.7 NA NA 
0618 3 ** 0.0100 0.1900 0.0125 NA NA NA 66.7 NA NA 
0619 1 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0625 3 ** 0.0100 0.2600 0.1600 NA NA NA 33.3 NA NA 
0657 7 ** 0.0100 0.1800 0.0100 NA NA NA 28.6 ** 0.0100 0.1800 
0663 8 ** 0.0100 0.2400 ** 0.0100 NA NA NA 50.0 ** 0.0100 0.2400 
0664 2 0.1300 0.1900 + 0.1600 NA NA NA 0.0 NA NA 
0668 3 ** 0.0100 0.2100 0.1500 NA NA NA 33.3 NA NA 

NET GROSS ALPHA *** I PCI/l I 
0608 2 0.3700 1.5300 + 0.9500 NA NA NA 0.0 NA NA 
0611 2 1.7300 3.0700 + 2.4000 NA NA NA 0.0 NA NA 

***NET GROSS ALPHA (GROSS ALPHA - URANIUM) WITH 1 MG URANIUM =.686 PCI 
**The reported value is the minimum detection limit of the data set 
+ The sample size Is even, so the median value Is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametrlc distribution was used because the nondetected values comprise more than 15% of the samples. 

DISTRIBUTION 
TYPE 

NONPARAMETRIC 
NORMAL 
UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
UNKNOWN 
UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 

FOOT 
NOTE 

2,6 

1 
1 

1 
1 
1 
1 
1 
2,4 
1 
1 
1 

1 
1 
1 
1 
1 
2 
2 
1 
1 

1 
1 

4) The stat. range is the 87.5% confidence Interval due to a sample size of 4. The maximum is the 93.8% one sided confidence Int. 
6) The stat. range is the 96.9% confidence Interval due to a sample size of 6. The maximum is the 98.5% one sided confidence int • 
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• TABLE D.7.20 - GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT AND ON SITE MONITOR WELLS IN THE DECHELLY FORMATION 
SITE: MON01 MONUMENT VALLEY '·'· 
06/08/82 TO 11/21/92 · , 
REPORT DATE: 02/10/93 · 

PARAMETER NAME I UNITS J .. COEFF. (;\~~. STATISTICAL RANGE 
STANDARD OF 98X CONfiDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

NET GROSS ALPHA *** I PCI/L I .. 
0618 2 0.2600 2.9900 + 1.6250 NA NA NA 0.0 NA NA 
0619 2 -2.3700 6.3700 + 2.0000 NA NA NA 0.0 NA NA 
0625 3 1.5900 8.8100 3.noo NA NA NA 0.0 NA NA 
0657 4 3.5200 16.1200 + 9.8200 9.8200 5.4170 0.5516 0.0 -2.4794 22.1194 
0663 6 -0.9300 3.6600 + 0.6150 NA NA NA 0.0 -0.9300 3.6600 
0664 2 -0.2000 0.2700 + 0.0350 NA NA NA 0.0 NA NA 
0668 2 -0.7900 -0.0900 + -0.4400 NA NA NA 0.0 NA NA. .... 

NICKEL I MG/L I 
0608 2 ** 0.0400 ** 0.0400 ** 0.0400 NA NA NA 100.0 NA NA 
0611 3 ** 0.0400 ** 0.0400 ** 0.0400 NA NA NA 100.0 NA NA 
0618 2 ** 0.0400 0.0800 + 0.0500 NA NA NA 50.0 NA NA 
0619 2 ** 0.0400 0.1500 + 0.0850 NA NA NA 50.0 NA NA 
0625 2 ** 0.0400 0.0700 + 0.0450 NA NA NA 50.0 NA NA 
0657 6 ** 0.0400 0.0600 ** 0.0400 NA NA NA 66.7 ** 0.0400 0.0600 
0663 6 ** 0.0400 0.1000 ** 0.0400 NA NA NA 83.3 ** 0.0400 0.1000 
0664 2 0.0400 0.1400 + 0.0900 NA NA NA o.o NA NA 
0668 3 ** 0.0400 0.0900 ** 0.0400 NA NA NA 66.7 NA NA 

NITRATE I MG/L I 
0608 2 1.0000 8.8600 + 4.9300 NA NA NA 0.0 NA NA 
0611 3 ** 1.0000 8.8600 5.0000 NA NA NA 33.3 NA NA 
0618 2 4.0000 4.4300 + 4.2150 NA NA NA 0.0 NA NA 
0619 2 4.0000 11.noo + 10.8600 NA NA NA 0.0 NA NA 
0625 3 ** 1.0000 ** 1.0000 ** 1.0000 NA NA NA 100.0 NA NA 
0657 7 6.0000 29.0000 21.0000 20.1143 7.0490 0.3504 0.0 11.7405 28.4881 
0663 8 0.4000 7.0000 + 1.8000 NA NA NA 37.5 0.4000 7.0000 
0664 2 ** 1.0000 ** 1.0000 ** 1.0000 NA NA NA 100.0 NA NA 
0668 3 ** 1.0000 6.7000 ** 1.0000 NA NA NA 66.7 NA NA 

NITRITE I MG/L J 
0608 2 ** 0.1000 1.3200 + 0.6850 NA NA NA 50.0 NA NA 

*** NET GROSS ALPHA (GROSS ALPHA - URANIUM) WITH 1 MG URANIUM = 686 PCI 
**The reported value is the minimum detection limit of the data set 
+ The sample size fs even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
1) A minimum of 4 samples must be available for the statistical analysts. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

UNKNOIJN 
UNKNOIJN 
UNKNOIJN 
NORMAL 

NONPARAMETRIC 
UNKNOIJN 
UNKNOIJN 

UNKNOIJN 
UNKNOIJN 
UNKNOIJN 
UNKNOIJN 
UNKNOIJN 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 

UNKNOIJN 
UNKNOIJN 
UNKNOIJN 
UNKNOIJN 
UNKNOIJN 
NORMAL 

NONPARAMETRIC 
UNKNOIJN 
UNKNOWN 

UNKNOIJN 

FOOT 
NOTE 

1 
1 
1 

9,6 
1 
1 

1 
1 
1 
1 
1 
2,6 
2,6 
1 
1 

1 
1 
1 
1 
1 

2 
1 
1 

1 

6) The stat. range is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int. 
9) The nonparametic distribution was used because the data failed the normal distribution test and includes values ~0. 
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TABLE D.7.20 • GROUNDWATER QUALITY STATISTICS BY tOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT AND ON SITE MONITOR WELLS IN THE DECHELLY FORMATION 
SITE: MON01 MONUMENT VALLEY 
06/08/82 TO 1'1/21/92 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. % OF STATISTICAL RANGE 
STANDARD OF NON 98% CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

NITRITE I MG/L I 
~ 

0611 1 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0618 2 ** 0.1000 0.9900 + 0.5200 NA NA: NA 50.0 NA NA 
0619 2 •• 0.1000 0.3300 + 0.1900 NA NA NA 50.0 NA NA 
0625 1 ** 0.1000 •• 0.1000 •• 0.1000 NA NA NA 100.0 NA NA 
0657 1 •• 0.1000 ** 0.1000 •• 0.1000 NA NA NA 100.0 NA NA 
0663 1 •• 0.1000 •• 0.1000 •• 0.1000 NA NA NA 100.0 NA NA 
0664 1 ** 0.1000 ** 0.1000 •• 0.1000 NA NA NA 100.0 NA NA 
0668 1 ** 0.1000 •• 0.1000 •• 0.1000 NA NA NA 100.0 NA NA 

NITRITE AND NITRATE I MG/L I .. 

0608 1 2.4000 2.4000 2.4000 NA NA NA 0.0 NA NA 
0611 1 2.0000 2.0000 2.0000 NA NA NA 0.0 NA NA 
0618 1 1.3000 1.3000 1.3000 NA NA NA 0.0 NA NA 
0619 1 4.1000 4.1000 4.1000 NA NA NA 0.0 NA NA 
0663 1 0.7000 0.7000 0.7000 NA NA NA 0.0 NA NA 

PH lsu I 
0608 2 7.7700 7.8300 + 7.7990 NA NA NA o.o NA NA 
0611 3 7.7600 8.1700 7.9400 NA NA NA o.o NA NA 
0618 3 7.0500 7.6700 7.4600 NA NA NA 0.0 NA NA 
0619 2 7.4700 7.5800 + 7.5215 NA NA NA o.o NA NA 
0625 4 8.3000 8.7700 + 8.4212 NA NA NA 0.0 NA NA 
0657 7 7.1600 7.4800 7.3300 NA NA NA 0.0 NA NA 
0663 10 8.1300 9.8900 + 8.3502 NA NA NA 0.0 NA NA 
0664 2 7.9300 8.4900 + 8.1254 NA NA NA 0.0 NA NA 
0668 3 8.7800 9.6900 9.1100 NA NA NA 0.0 NA NA 

PHOSPHATE I MG/L I 
0608 2 •• 0.1000 ** 0.1000 •• 0.1000 NA NA NA 100.0 NA NA 
0611 3 •• 0.1000 1.0000 •• 0.1000 NA NA NA 66.7 NA NA 
0618 2 •• 0.1000 ** 0.1000 •• 0.1000 NA NA NA 100.0 NA NA 
0619 2 ** 0.1000 •• 0.1000 •• 0.1000 NA NA NA 100.0 NA NA 
0625 1 •• 0.1000 •• 0.1000 •• 0.1000 NA NA NA 100.0 NA NA 
0657 4 •• 0.1000 0.3000 •• 0.1000 NA NA NA 75.0 •• 0.1000 0.3000 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15% of the samples. 

DISTRIBUTION 
TYPE 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 

FOOT 
NOTE 

1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
2,4 

4) The stat. range is the 87.5% confidence interval due to a sample size of 4. The maximum is the 93.8% one sided confidence int • 
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• TABLE 0.7.20 - GROUNDWATER QUALITY STATISTICS BY LOCATION: All DOWNGRADIENT 
AND CROSS GRADIENT AND ON SITE MONITOR WELLS IN THE DECHELLY FORMATION 
SITE: MON01 MONUMENT VALLEY 
06/08/82 TO 11!21!92 .. 
REPORT DATE: 02!10/93, 

PARAMETER NAME I UNITS I COEFF. 'X OF · STATISTICAL RANGE 
STANDARD OF NON 98% CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

PHOSPHATE I MG/l I .. 

0663 3 ** 0.1000 0.3000 ** 0.1000 NA NA NA 66.7 NA NA 
0664 1 0.3000 0.3000 0.3000 NA NA NA 0.0 NA. NA 
0668 2 ** 0.1000 1.3000 + 0.6750 NA NA NA 50.0 NA NA 

POLONIUM-210 I PCI/L I ' 
0608 2 ** 1.0000 ** ·1.0000 ** 1.0000 NA NA NA 100.0 NA NA 
0611 2 ** 0.9000 ** 0.9000 ** 0.9000 NA NA NA 50.0 NA NA 
0618 2 ** 1.0000 ** 1.0000 ** 1.0000 NA NA NA 100.0 NA NA 
0619 2 ** 1.0000 ** 1.0000 ** 1.0000 NA NA NA 100.0 NA NA 
0625 1 ** 1.0000 ** 1.0000 ** 1.0000 NA NA NA 0.0 NA NA 
0657 1 ** 0.8000 ** 0.8000 ** 0.8000. NA NA NA 0.0 NA NA 
0663 1 ** 1.0000 ** 1.0000 ** 1.0000 NA NA NA 100.0 NA NA 
0664 1 ** 1.0000 ** 1.0000 ** 1.0000 NA NA NA 100.0 NA NA 
0668 1 ** 1.0000 ** 1.0000 ** 1.0000 NA NA NA 100.0 NA NA 

POTASSIUM I MG/l I 
0608 2 2.3100 2.3200 + 2.3150 NA NA NA 0.0 NA NA 
0611 3 2.8000 3.6500. 3.4100 NA NA NA 0.0 NA NA 
0618 3 1.2000 1.5700 1.5500 NA NA NA 0.0 NA NA 
0619 2 2.1900 2.2100 + 2.2000 NA NA NA 0.0 NA NA 
0625 3 0.9300 1.0600 1.0100 NA NA NA 0.0 NA NA 
0657 7 1.6900 3.9300 1.8000 2.2814 0.8419 0.3690 0.0 1.2814 3.2815 
0663 8 2.4000 7.1700 + 2.8450 3.7325 1.9364 0.5188 0.0 1.6800 5.7850 
0664 2 4.1200 5.4300 + 4.7750 NA NA NA 0.0 NA NA 
0668 3 5.0900 8.6100 5.4000 NA NA NA 0.0 NA NA 

RADIUM-226 I PCI/L I 
0608 2 ** 0.1000 0.2000 + 0.1250 NA NA NA 50.0 NA NA 
0611 3 ** 0.6000 2.0000 ** 0.6000 NA NA NA 0.0 NA NA 
0618 3 ** 0.1000 1.0000 0.2000 NA NA NA 66.7 NA NA 
0619 2 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0625 2 1.5000 2.1000 + 1.8000 NA NA NA 0.0 NA NA 
0657 5 ** 0.1000 0.4000 0.3000 NA NA NA 20.0 ** 0.1000 0.4000 

**The reported value is the minimum detection limit'of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximUm is the 99 percent one sided confidence interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2> The nonparametric distribution was used because the nondetected values comprise more than 15% of the samples. 

DISTRIBUTION 
TYPE 

UNKNOWN 
UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
NORMAL 
NORMAL 
UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 

FOOT 
NOTE 

1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 

1 
1 
1 
1 
1 
2,5 

5) The stat. range is the 93.8% confidence interval due to a sample size of 5. lhe maximum Is the 96.9% one sided confidence Int. 
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TABLE D.7.20 • GROUNDWATER QUALITY STATISTICS BY LOCATION: All DOWNGRADIENT 
AND CROSS GRADIENT AND ON SITE MONITOR WELLS IN THE DECHELLY FORMATION 
SITE: MON01 MONUMENT VALLEY 
06/08/82 TO 11/21/92 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. X OF STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

RADIUM-226 . I PCI/l I .. 
0663 6 ** 0.1000 0.2000 + 0.2000 NA NA, NA 16.7 ** 0.1000 0.2000 
0664 1 ** 0.4000 ** 0.4000 ** 0.4000 NA NA<. NA 0.0 NA NA 
0668 2 ** 0.1000 ** 0.1000 ** 0.1000 NA N~ NA 100.0 NA NA 

RADIUM·226 + RADIUM·228 I PCI/l I 
0608 2 0.5500 0.7000 + 0.6250 NA NA NA 0.0 NA NA 
0611 3 0.8000 2.3000 0.8000 NA NA NA 0.0 NA NA 
0618 2 0.5500 0.7000 + 0.6250 NA NA NA 0.0 NA NA 
0619 2 0.1500 0.4500 + 0.3000 NA NA NA 0.0 NA NA 
0625 2 2.0000 3.7000 + 2.8500 NA NA NA 0.0 NA NA 
0657 5 0.5500 1.4000 1.1000 1.0100 0.3362 0.3328 0.0 0.4467 1.5733 
0663 6 0.5000 2.3000 + 0.9000 1.2250 0.8023 0.6550 0.0 0.1228 2.32n 
0664 1 0.7000 0.7000 0.7000 NA NA NA 0.0 NA NA 
0668 1 0.5500 0.5500 0.5500 NA NA NA 0.0 NA NA 

RADIUM·228 I PCI/l I 
0608 2 *"' 1.0000 ** 1.0000 ** 1.0000 NA NA NA 100.0 NA NA 
0611 3 ** 1.0000 ** 1.0000 ** 1.0000 NA NA NA 66.7 NA NA 
0618 2 ** 1.0000 ** 1.0000 ** 1.0000 NA NA NA 100.0 NA NA 
0619 2 ** 1.0000 ** 1.0000 ** 1.0000 NA NA NA 0.0 NA NA 
0625 2 ** 1.0000 1.6000 + 1.0500 NA NA NA 50.0 NA NA 
0657 5 ** 1.0000 1.0000 ** 1.0000 NA NA NA 40.0 ** 1.0000 1.0000 
0663 6 ** 1.0000 2.1000 ** 1.0000 NA NA NA 16.7 ** 1.0000 2.1000 
0664 1 ** 1.0000 ** 1.0000 ** 1.0000 NA NA NA 100.0 NA NA 
0668 1 ** 1.0000 ** 1.0000 ** 1.0000 NA NA NA 100.0 NA NA 

REDOX POTENTIAL I mVOLTS I 
0663 1 164.5000 164.5000 164.5000 NA NA NA 0.0 NA NA 

SELENIUM I MG/L I 
0608 2 *"' 0.0050 ** 0.0050 ** 0.0050 NA NA NA 100.0 NA NA 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

NONPARAMETRIC 
UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
NORMAL 
NORMAL 
UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 

UNKNOWN 

UNKNOWN 

FOOT 
NOTE 

2,6 
1 
1 

1 
1 
1 
1 
1 

1 
1 

1 
1 
1 
1 
1 
2,5 
2,6 
1 
1 

1 

1 

5) The stat. range is the 93.8X confidence interval due to a sample size of 5. The maximum is the 96.9X one sided confidence Int. 
6) The stat. range Is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence Int • 
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•• • TABLE D.7.20 • GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT AND ON SITE MONITOR WELLS IN THE DECHELLY FORMATION 
SITE: MON01 MONUMENT VALLEY 
06/08/82 TO. 11 !21!92 . > • ' . ·' 

REPORT DATE: 02/10/93"-. 
' 

PARAMETER NAME I UNITS I } COEFF. ,_x.,o,F , STATISTICAL RANGE 
STANDARD OF NON 98% CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

SELENIUM .. I MG/L I 
0611 3 ** 0.0050 ** 0.0050 ** 0.0050 NA NA NA 100.0 NA NA 
0618 3 ** 0.0050 ** 0.0050 ** 0.0050 NA NA NA 100.0 NA NA 
0619 2 ** 0.0050 ** 0.0050 ** 0.0050 NA NA NA 100.0 NA NA 
0625 3 ** 0.0050 ** 0.0050 ** 0.0050 NA NA NA 100.0 NA NA 
0657 7 ** 0.0050 ** 0.0050 ** 0.0050 NA NA NA 100.0 ** 0.0050 ** 0.0050 
0663 7 ** 0.0050 ** 0.0050 ** 0.0050 NA NA NA 100.0 ** 0.0050 ** 0.0050 
0664 2 ** 0.0050 ** 0.0050 ** 0.0050 NA NA NA 100.0 NA NA 
0668 3 ** 0.0050 ** 0.0050 ** 0.0050 NA NA NA 100.0 NA NA 

SILICA - SI02 I MG/L I 
0608 2 8.0000 11.0000 + 9.5000 NA NA NA 0.0 NA NA 
0611 3 8.0000 12.0000 11.0000 NA NA NA 0.0 NA NA 
0618 2 10.0000 11.0000 + 10.5000 . NA NA NA 0.0 NA NA 
0619 2 10.0000 11.0000 + 10.5000 NA NA NA o.o NA NA 
0625 1 11.0000 11.0000 11.0000 NA NA NA 0.0 NA NA 
0657 5 13.0000 14.0000 13.9000 13.5800 0.5310 0.0391 0.0 12.6901 14.4699 
0663 5 11.0000 15.4000 12.8000 13.2400 1.9047 0.1439 0.0 10.0482 16.4318 
0664 1 10.0000 10.0000 10.0000 NA NA NA 0.0 NA NA 
0668 2 10.0000 11.0000 + 10.5000 NA NA NA 0.0 NA NA 

SILVER I MG/L I 
0608 2 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0611 3 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0618 2 ** 0.0100 ** ·o.o1oo ** 0.0100 NA NA NA 100.0 NA NA 
0619 2 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0625 1 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0657 5 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 ** 0.0100 ** 0.0100 
0663 5 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 ** 0.0100 ** 0.0100 
0664 1 ** 0.0100 ... 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0668 2 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 

SODIUM I MG/L I 
0608 2 22.6000 24.8!)00 + 23.7000 NA NA NA 0.0 NA NA 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15% of the samples. 

DISTRIBUTION 
TYPE 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
NORMAL 
NORMAL 
UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

. UNKNOWN 
UNKNOWN 

UNKNOWN 

FOOT 
NOTE 

1 
1 
1 
1 
2 
2 
1 
1 

1 
1 
1 
1 
1 

1 
1 

1 
1 
1 
1 
1 
2,5 
2,5 
1 
1 

1 

5) The stat. range is the 93.8% confidence interval due to a sample size of 5. The maximum is the 96.9% one sided confidence int. 
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TABLE D.7.20 - GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT AND ON SITE MONITOR WELLS IN THE DECHELLY FORMATION 
SITE: MON01 MONUMENT VALLEY 
06/08/82 TO 11/21/92 
REPORT DATE: 02/10/93 

PARAMETER NAME 1 UNITS I COEFF. X OF STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

SODIUM I MG/L I .. 

0611 3 69.3000 83.9000 76.3000 NA NA NA 0.0 NA NA 
0618 3 6.3700 7.9000 6.8000 NA ;~ NA NA 0.0 NA NA 
0619 2 21.8000 21.9000 + 21.8500 NA NA NA 0.0 NA NA 
0625 3 118.0000 124.0000 121.0000 NA NA NA 0.0 NA NA 
0657 7 14.7000 46.4000 16.4000 20.6857 11.4170 0.5519 0.0 7.1230 34.2485 
0663 8 75.0000 103.0000 + 78.0500 81.5875 9.7134 0.1191 0.0 71.2918 91.8832 
0664 2 63.1000 78.8000 + 70.9500 NA NA NA 0.0 NA NA 
0668 3 34.2000 68.3000 61.8000 NA NA NA o.o NA NA 

SPECIFIC CONDUCTANCE I UMHO/CM I 
0608 2 290.0000 355.0000 + 322.5000 NA NA NA 0.0 NA NA 
0611 3 379.0000 430.0000 410.0000 NA NA NA 0.0 NA NA 
0618 3 240.0000 285.0000 250.0000 NA NA NA 0.0 NA NA 
0619 2 330.0000 380.0000 + 355.0000 NA NA NA 0.0 NA NA 
0625 4 200.0000 456.0000 + 437.5000 382.7500 122.9780 0.3213 0.0 103.5285 661.9715 
0657 7 410.0000 698.0000 500.0000 519.7143 98.3899 0.1893 0.0 402.8328 636.5958 
0663 10 300.0000 502.0000 + 400.0000 402.9000 59.9675 0.1488 o.o 349.4043 456.3957 
0664 2 240.0000 395.0000 + 317.5000 NA NA NA 0.0 NA NA 
0668 3 210.0000 340.0000 325.0000 NA NA NA 0.0 NA NA 

STRONTIUM I MG/L I 
0608 2 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0611 2 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0618 2 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0619 2 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0625 3 0.0500 0.1000 0.0800 NA NA NA 33.3 NA NA 
0657 4 0.5000 0.6000 + 0.5050 0.5275 0.0486 0.0921 0.0 o.41n 0.6378 
0663 5 0.1000 0.5400 0.5000 0.3720 0.2062 0.5543 0.0 0.0265 0.7175 
0664 2 0.3000 0.4000 + 0.3500 NA NA NA 0.0 NA NA 
0668 2 0.1000 0.2000 + 0.1500 NA NA NA 0.0 NA NA 

SULFATE J MG/L I 
0608 2 34.9000 35.0000 + 34.9500 NA NA NA 0.0 NA NA 
0611 3 61.2000 77.0000 66.3000 NA NA NA 0.0 NA NA 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, « = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis • 
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UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
NORMAL 
NORMAL 
UNKNOWN 
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NORMAL 
NORMAL 
NORMAL 
UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
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NORMAL 
NORMAL 
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UNKNOWN 

FOOT 
NOTE 

1 
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l • TABLE D.7.20 - GROUNDWATER QUALITY STATISTICS BY LOCATION: All DOWNGRADIENT 

AND CROSS GRADIENT AND ON SITE MONITOR WELLS IN THE DECHELLY FORMATION 
SITE: MON01 MONUMENT VALLEY 
06/08/82 TO 11/21/92 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I 
COEFF. ,X OF STATISTICAL RANGE 

STANDARD OF 'NON 98X CONFIDENCE INTERVAL 
LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

SULFATE I MG/l I -
0618 3 12.0000 16.1000 15.2000 NA NA NA 0.0 NA NA 
0619 2 53.0000 56.8000 + 54.9000 NA NA NA 0.0 NA NA 
0625 3 48.1000 88.5000 54.0000 NA NA NA 0.0 NA NA 
0657 7 122.0000 194.0000 153.0000 160.8000 30.8363 0.1918 0.0 124.1682 197.4318 
0663 8 38.0000 70.4000 + 47.0000 49.4625 9.6061 0.1942 0.0 39.2805 59.6445 
0664 2 22.6000 37.8000 + 30.2000 NA NA NA 0.0 NA NA 
0668 3 19.8000 41.9000 40.0000 NA NA NA 0.0 NA NA 

SULFIDE I MG/l I 
0608 2 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0611 3 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0618 2 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0619 2 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0625 1 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0657 3 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0663 3 ** 0.1000 ** . 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0664 1 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0668 2 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA . NA 

TEMPERATURE I c - DEGREEI 

0608 2 15.0000 19.0000 + 17.0000 NA NA NA 0.0 NA NA 
0611 3 16.0000 18.0000 17.0000 NA NA NA 0.0 NA NA 
0618 3 17.0000 20.0000 17.0000 NA NA NA 0.0 NA NA 
0619 2 16.0000 17.0000 + 16.5000 NA NA NA 0.0 NA NA 
0625 4 15.6000 17.0000 + 16.3500 16.3250 0.7805 0.0478 0.0 14.5529 18.0971 
0657 7 15.5000 18.5000 17.0000 17.0000 1.0801 0.0635 0.0 15.7169 18.2831 
0663 10 13.5000 18.0000 + 16.5000 16.3500 1.3no 0.0842 0.0 15.1216 17.5784 
0664 2 16.0000 18.0000 + 17.0000 NA NA NA 0.0 NA NA 
0668 3 17.0000 18.0000 17.5000 NA NA NA 0.0 NA NA 

THALLIUM I MG/l J 
0611 1 ** 0.0100 ** 0.0100 ** 0.0100 NA NA NA 100.0 NA NA 
0657 4 ** 0.0100 0.0500 ** 0.0100 NA NA NA 100.0 ** 0.0100 0.0500 

** The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 
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4) The stat. range fs the 87.5X confidence interval due to a sample size of 4. The maximum is the 93.8X one sided confidence int. 
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TABLE D.7.20 - GROUNDWATER QUALITY STATISTICS BY LOCATION: All DOWNGRADIENT 
AND CROSS GRADIENT AND ON SITE MONITOR WELLS IN THE DECHELLY FORMATION 
SITE: MON01 MONUMENT VALLEY 
06/08/82 TO '11/21/92 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. X OF STATISTICAL RANGE 
STANDARD OF NON 98% CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

THALLIUM I MG/l I ... 

0663 4 ** 0.0100 0.0500 ** 0.0100 NA NA NA 100.0 ** 0.0100 0.0500 
0668 1 ** 0.0100 ** 0.0100 ** 0.0100 NA NA' NA 100.0 NA NA 

THORIUM-230 I PCI/l I 
0608 2 ** 0.5000 0.5000 ** 0.5000 NA NA NA 50.0 NA NA 
0611 2 ** 0.8000 ** 0.8000 ** 0.8000 NA NA NA 50.0 NA NA 
0618 2 ** 0.7000 ** 0.7000 ** 0.7000 NA NA NA 0.0 NA NA 
0619 2 ** 0.5000 ** 0.5000 ** 0.5000 NA NA NA 0.0 NA NA 
0625 1 ** 0.1000 ** 0.1000 ** 0.1000 NA NA NA 100.0 NA NA 
0657 2 ** 0.4000 ** 0.4000 ** 0.4000 NA NA NA 0.0 NA NA 
0663 3 ** 0.8000 ** 0.8000 ** 0.8000 NA NA NA 0.0 NA NA 
0664 1 ** 0.6000 ** 0.6000 ** 0.6000 NA NA NA 0.0 NA NA 
0668 1 ** 0.9000 ** 0.9000 ** 0.9000 NA NA NA 0.0 NA NA 

TIN I MG/l I 
0608 2 ** 0.0050 ** 0.0050 ** 0.0050 NA NA NA 100.0 NA NA 
0611 3 ** 0.0050 ** 0.0050 ** 0.0050 NA NA NA 100.0 NA NA 
0618 2 ** 0.0050 ** 0.0050 ** 0.0050 NA NA NA 100.0 NA NA 
0619 2 ** 0.0050 ** 0.0050 ** 0.0050 NA NA NA 100.0 NA NA 
0625 1 ** 0.0050 ** 0.0050 ** 0.0050 NA NA NA 100.0 NA NA 
0657 5 ** 0.0050 0.0340 ** 0.0050 NA NA NA 80.0 ** 0.0050 0.0340 
0663 5 ** 0.0050 0.0050 ** 0.0050 NA NA NA 100.0 ** 0.0050 0.0050 
0664 1 ** 0.0050 ** 0.0050 ** 0.0050 NA NA NA 100.0 NA NA 
0668 2 ** 0.0050 ** 0.0050 ** 0.0050 NA NA NA 100.0 NA NA 

TOTAL DISSOLVED SOLIDS I MG/l I 
0608 2 216.0000 223.0000 + 219.5000 NA NA NA 0.0 NA NA 
0611 3 302.0000 313.0000 305.0000 NA NA NA 0.0 NA NA 
0618 3 158.0000 190.0000 164.0000 NA NA NA 0.0 NA NA 
0619 2 253.0000 303.0000 + 278.0000 NA NA NA 0.0 NA NA 
0625 3 316.0000 339.0000 324.0000 NA NA NA 0.0 NA NA 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15% of the samples. 

DISTRIBUTION 
TYPE 

NONPARAMETRIC 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

FOOT 
NOTE 

2,4 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
2,5 
2,5 
1 
1 

1 
1 
1 
1 
1 

4) The stat. range is the 87.5% confidence interval due to a sample size of 4. The maximum is the 93.8% one sided confidence int. 
5) The stat. range is the 93.8% confidence interval due to .a sample size of 5. T_he maximum is the 96.9% one sided confidence int • 
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• •• TABLE D.7.20 • GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT AND ON SITE MONITOR WELLS IN THE DECHELLY FORMATION 
SITE: MON01 MONUMENT VALLEY _, 
06/08/82 TO 11/21/92 

--~. 

REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. , % OF STATISTICAL RANGE 
STANDARD OF NON 98% CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

TOTAL DISSOLVED SOLIDS I MG/L I 
0657 7 392.0000 563.0000 430.0000 464.0000 71.0188 0.1531 0.0 379.6338 548.3662 
0663 8 232.0000 335.0000 + 2n.oooo 278.2500 33.7671 0.1214 0.0 242.4585 314.0415 
0664 2 215.0000 321.0000 + 298.0000 NA NA NA 0.0 NA NA 
0668 3 2.3600 259.0000 242.0000 NA NA NA 0.0 NA NA 

TOTAL-ORGANIC CARBON I MG/L I 
' . .. 

0608 2 19.0000 35.0000 + 27.0000 NA NA NA 0.0 NA NA 
0611 2 41.0000 47.0000 + 44.0000 NA NA NA 0.0 NA NA 
0618 2 25.0000 58.0000 + 41.5000 NA NA NA o.o NA NA 
0619 2 31.0000 34.0000 + 32.5000 NA NA NA 0.0 NA NA 
0625 2 ** 1.0000 44.0000 + 22.2500 NA NA NA 50.0 NA NA 
0657 2 45.0000 48.0000 + 46.5000 NA NA NA 0.0 NA NA 
0663 4 ** 1.0000 37.0000 + 12.1500 NA NA NA 50.0 ** 1.0000 37.0000 
0664 1 46.0000 46.0000 46.0000 NA NA NA o.o NA NA 
0668 1 38.0000 38.0000 38.0000 NA- NA NA 0.0 NA NA 

TOTAL ORGANIC HALOGENS I MG/L I 
0608 1 0.0030 0.0030 0.0030 NA NA NA 0.0 NA NA 
0611 1 0.0070 0.0070 0.0070 NA · NA NA 0.0 NA NA 
0618 1 ** 0.0030 ** 0.0030 ** 0.0030 NA NA NA 100.0 NA NA 
0619 1 0.0050 0.0050 0.0050 NA NA NA 0.0 NA NA 

URANIUM I MG/L I 
0608 2 0.0085 0.0122 + 0.0104 NA NA NA o.o NA NA 
0611 3 0.0004 0.0099 0.0015 NA NA NA 0.0 NA NA 
0618 3 0.0038 0.0070 0.0053 NA NA NA 0.0 NA NA 
0619 2 0.0257 0.0297 + o.o2n NA NA NA 0.0 NA NA 
0625 3 0.0003 0.0015 0.0010 NA NA NA 33.3 NA NA 
0657 1 0.0395 0.0663 0.0514 0.0509 0.0107 0.2109 0.0 0.0381 0.0637 
0663 8 ** 0.0003 0.0020 + 0.0009 NA NA NA 50.0 ** 0.0003 0.0020 
0664 2 0.0085 0.0105 + 0.0095 NA NA NA 0.0 NA NA 
0668 3 0.0013 0.0017 0.0013 NA NA NA 0.0 NA NA 

**The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value Is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, m = 9.01 
1> A minimum of 4 samples must be available for the statistical analysis.· 
2) The nonparametric distribution was used because the nondetected values comprise more than 15% of the samples. 

DISTRIBUTION 
TYPE 

NORMAL 
NORMAL 
UNKNOWN 
UNKNO'JN 

UNKNO'JN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
UNKNOWN 
UNKNOWN 

UNKNO'JN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

UNKNO'JN 
UNKNOWN 
UNKNO'JN 
UNKNOWN 
UNKNOWN 
NORMAL 

NONPARAMETRIC 
UNKNO'JN 
UNKNO'JN 

FOOT 
NOTE 

1 
1 

1 
1 
1 
1 
1 
1 
2,4 
1 
1 

1 
1 
1 
1 

1 
1 
1 
1 
1 

2 
1 
1 

4) The stat. range is the 87.5% confidence Interval due to a sample size of 4. The maximum is the 93.8% one sided confidence Int. 
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TABLE D.7.20 • GROUNDWATER QUALITY STATISTICS BY LOCATION: ALL DOWNGRADIENT 
AND CROSS GRADIENT AND ON SITE MONITOR WELLS IN THE DECHELLY FORMATION 
SITE: MON01 MONUMENT VALLEY 
06/08/82 TO 11/21/92 
REPORT DATE: 02/10/93 

PARAMETER NAME I UNITS I COEFF. X OF STATISTICAL RANGE 
STANDARD OF NON 98X CONFIDENCE INTERVAL 

LOC. SAMP MINIMUM MAXIMUM MEDIAN MEAN DEVIATION VARIATION DETECTS MINIMUM MAXIMUM * 

VANADIUM I MG/L I 
0608 2 ** 0.0100 0.8000 + 0.4025 NA NA NA 50.0 NA NA 
0611 3 ** 0.0100 0.6000 ** 0.0100 NA NA NA 66.7 NA NA 
0618 3 ** 0.0100 0.6000 0.0800 NA . NA NA 33.3 NA NA 
0619 2 ** 0.0100 0.6000 + 0.3025 NA NA NA 50.0 NA NA 
0625 3 ** 0.0100 0.5500 0.4000 NA NA NA 33.3 NA NA 
0657 6 ** 0.0100 0.3100 + 0.0700 NA NA NA 16.7 ** 0.0100 0.3100 
0663 7 ** 0.0100 0.6000 ** 0.0100 NA NA NA 71.4 ** 0.0100 0.6000 
0664 2 0.2200 0.5000 + 0.3600 NA NA NA 0.0 NA NA 
0668 3 0.0100 0.5000 0.1600 NA. NA NA 0.0 NA NA 

ZINC I MG/L I 
0608 2 0.0050 0.0400 + 0.0225 NA NA NA 50.0 NA NA 
0611 3 ** 0.0050 o. 7250 0.0100 NA NA NA 33.3 NA NA 
0618 2 0.0050 1.2600 + 0.6325 NA NA NA 50.0 NA NA 
0619 2 0.0050 0.2900 + 0.1475 NA NA NA 50.0 NA NA 
0625 3 ** 0.0050 0.1100 0.0090 NA NA NA 33.3 NA NA 
0657 6 ** 0.0050 0.1160 + 0.0073 NA NA NA 50.0 ** 0.0050 0.1160 
0663 7 ** 0.0050 0.2250 ** 0.0050 NA NA NA 71.4 ** 0.0050 0.2250 
0664 2 0.0060 0.0110 + 0.0085 NA NA NA 0.0 NA NA 
0668 3 0.0100 0.1180 0.0140 NA NA NA 0.0 NA NA 

** The reported value is the minimum detection limit of the data set 
+ The sample size is even, so the median value is the arithmetic average of the two middle values 
* The statistical maximum is the 99 percent one sided confidence interval, a = 0.01 
1) A minimum of 4 samples must be available for the statistical analysis. 
2) The nonparametric distribution was used because the nondetected values comprise more than 15X of the samples. 

DISTRIBUTION 
TYPE 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

NONPARAMETRIC 
NONPARAMETRIC 

UNKNOWN 
UNKNOWN 

FOOT 
NOTE 

1 
1 
1 
1 
1 
2,6 
2 
1 
1 

1 
1 
1 
1 
1 
2,6 
2 
1 
1 

6) The stat. range is the 96.9X confidence interval due to a sample size of 6. The maximum is the 98.5X one sided confidence int. 

INPUT DATA FILENAME: M:\DART\MON01\GWQ10015.DAT 
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• • Table D.7.21 • Molybdenum Data for Monitor Wells 625, 664, and 668 
SITE: MON01 MONUMENT VALLEY 
08/17/85 TQ 11/21/92 
REPORT;DATE: 02/17/93 ; ,. 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP REL. 

MOLYBDENUM 0625 08/17/85 0001 DC c 
0625 04!23/86 0001 DC c 
0625 02!26/92 0001 DC c 
0625. 11!21192 0001 DC c 
0664 10!27/85 0001 DC D 
0664 04/24/86 0001 DC D 
0668 10/24/85 0001 DC D 
0668 04/25/86 0001 DC D 
0668 06/25/89 0001 DC D 

FORMATION OF COMPLETION CODE: 
DC • DECHELLEY MEMBER OF THE CUTLER FORMATION 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT 

UNITS OF PARAMETER 
MEASURE PVI VALUE 

MG/L 0.26 
0.16 

< 0.01 
< 0.0049 tiN 

0.19 
0.13 
0.21 
0.15 

< 0.01 

FLOW RELATIONSHIP CODE: 
C • CROSS GRADIENT 
D : DOWN GRADIENT 

SAMPLE ID CODES: 

FLAGS 

0001 · FILTERED SAMPLE (.45 MICRONS) 

OTHER PARAMETER VALUE FLAGS: 
# • THE DATA HAS NOT YET UNDERGONE QUALITY CONTROL TESTS. 
N • SPIKE SAMPLE RECOVERY NOT WITHIN CONTROL LIMITS 

DATA FILE NAME: M:\DART\MON01\GWQ10017.DAT 

DETECTION 
LIMIT 

0.01 
0.01 
0.01 
0.0049 
0.01 
0.01 
0.01 
0.01 
0.01 

• 
PARAMETER 

UNCERTAINTY 

. 

. 

. 

. 

. 

. 

. 

. 

. 
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LOCATION 
PARAMETER NAME ID 

ALKALINITY 0616 
0616 
0616 
0616 
0616 

i 
0616 
0616 
0617 
0617 
0617 
0617 
0617 

ALUMINUM 0616 
0616 
0616 
0616 
0616 
0617 
0617 
0617 

ALUMINUM (TOTAL) 0616 
0616 
0617 

AMMONIUM 0616 
0616 
0616 
0616 
0617 
0617 
0617 

AMMONIUM (TOTAL) 0616 
0616 
0617 

ANTIMONY 0616 
0616 
0616 
0616 

FORMATION OF COMPLETION CODE: 
AL • ALLUVIUM 

TABLE D.7.22 - Groundwater Quality Data for Domestic Wells 616 and 617 
SITE: MON01 MONUMENT VALLEY 
06/08/82 TO 11/24/92 
REPORT DATE: 02/17/93 

SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION 
LOG DATE ID COMP REL. MEASURE PVI VALUE FLAGS LIMIT 

04/21/85 0001 A~ MG/L CAC03 226.00 -
08/02/85 0001 AL 196.00 -
06/03/91 0001 AL 214. -
06/03/91 N001 AL 214. -
02/27/92 0001 AL 228 -
02/27/92 N001 AL 228 -
11!24/92 0001 AL 231 -
04/21/85 0001 AL 265.00 -
07/31/85 0001 AL 293.00 -
02/27/92 0001 AL 268 -
02/27/92 N001 AL 268 -
11!24/92 0001 AL 271 -
06/08/82 0001 AL N MG/L < 0.05 0.1 
04/21/85 0001 AL N 0.80 0.1 
08/02/85 0001 AL N 0.20 0.1 
06/03/91 0001 AL N < 0.05 0.05 
02!27/92 0001 AL N < 0.05 0.05 
04/21/85 0001 AL N 0.80 0.1 
07/31/85 0001 AL N . 0.20 0.1 
02/27/92 0001 AL N < 0.05 0.05 

06/03/91 N001 AL N MG/L < 0.05 0.05 
02/27/92 N001 AL N < 0.05 0.05 
02/27/92 N001 AL N < 0.05 0.05 

04/21/85 0001 AL N MG/L 0.52 0.1 
08/02/85 0001 AL N < 0.10 0.1 
06/03/91 0001 AL N 0.1 0.1 
02/27i92 0001 AL N < 0.1 0.1 
04/21/85 0001 AL N 0.26 0.1 
07/31/85 0001 AL N < 0.10 0.1 
02/27/92 0001 AL N < 0.1 0.1 

06/03/91 N001 AL N MG/L 0.1 0.1 
02!27/92 N001 AL N < 0.1 0.1 
02/27/92 N001 AL ·N < 0.1 0.1 

04/21/85 0001 AL N MG/L < 0.003 0.003 
08/02/85 0001 AL N < 0.003 0.003 
06/03/91 0001 AL N < 0.003 0.003 
02/27/92 0001 AL N < 0.003 0.003 

FLOW RELATIONSHIP CODE: 
N · UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 • FILTERED SAMPLE (.45 MICRONS) 
N001 · UNFILTERED SAMPLE 

PARAMETER 
UNCERTAINTY 

. 
-
--
-
-
--
----
-
--
--
-
-
-
-
-. 
. 
. 
. 
. 
-. 
. 
. 
. 
-
--
--
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• 
LOCATION 

PARAMETER NAME ID 

ANTIMONY 0617 
0617 
0617 

ANTIMONY (TOTAL) 0616 
' 0616 

0617 

ARSENIC 0616 
0616 
0616 
0616 
0616 
0617 
0617 
0617 

ARSENIC (TOTAL) 0616 
0616 
0617 

BARIUM 0616 
0616 
0616 
0616 
0617 
0617 
0617 

BARIUM (TOTAL) 0616 
0616 
0617 

BERYLLIUM 0616 

BERYLLIUM (TOTAL) 0616 

BICARBONATE - HC03 0616 

BORON 0616 
0616 
0616 

FORMATION OF COMPLETION CODE: 
AL • ALLUVIUM 

• TABLE D.7.22·- Groundwater Quality Data for Domestic Wells 616 and 617 
SITE: MON01 MONUMENT VALLEY 

,. 
; 

06/08/82 TO 11/24/92' 
REPORT DATE: 02/17/93' 

SAMPLE FORM FLOW 
LOG DATE ID COMP REL. 

04/21/85 0001 AL N 
07/31/85 0001 AL N 
02/27/92 0001 AL N ... 

06/03/91 N001 AL N 
02/27/92 N001 AL N; 
02/27/92 N001 AL N 

06/08/82 0001 AL N 
04/21/85 0001 AL N 
08/02/85 0001 AL !f-, 
06/03/91 0001 AL N 
02/27/92 0001 AL N 
04/21/85 0001 AL N 
07/31/85 0001 AL N 
02/27/92 0001 AL N 

06/03/91 N001 AL N 
02/27/92 N001 AL N 
02/27/92 N001 AL N 

04/21/85 0001 AL N 
08/02/85 0001 AL N 
06/03/91 0001 AL N 
02/27/92 0001 AL N 
04/21!85 0001 AL N 
07/31/85 0001 AL N 
02/27/92 0001 AL N 

06/03/91 N001 AL N 
02/27/92 N001 AL N 
02/27/92 N001 AL N 

06/03/91 0001 AL N 

06/03/91 N001 AL N 

06/08/82 0001 AL N 

04/21/85 0001 AL N 
08/02/85 0001 AL N 
06/03/91 0001 AL N 

UNITS OF PARAMETER 
MEASURE · PVI VALUE 

MG/L < 0.003 
< 0.003 
< 0.003 

MG/L. < 0.003 
< 0.003 
< 0.003 

MG/L < 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 

MG/L < 0.01 
< 0.01 
< 0.01 

MG/L < 0.10 
0.30 
0.11 
0.12 

< 0.10 
0.20 
0.05 

MG/L 0.01 
0.13 
0.05 

MG/L < 0.005 

MG/L < 0.005 

MG/L 248.00 

MG/L 0.20 
0.30 

< 0.05 

FLOW RELATIONSHIP CODE: 
. N • UNKNOWN 

DETECTION 
FLAGS LIMIT 

0.003 
0.003 
0.003 

0.003 
0.003 
0.003 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

0.01 
0.01 
0.01 

0.1 
0.1 
0.01 
0.01 
0.1 
0.1 
0.01 

0.01 
0.01 
0.01 

0.005 

0.005 

-
0.1 
0.1 
0.05 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 • FILTERED SAMPLE (.45 MICRONS) 
N001 • UNFILTERED SAMPLE 

• 
PARAMETER 

UNCERTAINTY 

-
-
-
-
-
-
-
-
----
--
-
-
-
-
--
---
-
--
-
-
-
-
-
--
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TABLE D.7.22- Groundwater Quality Data for Domestic Wells 616 and 617 
SITE: MON01 MONUMENT VALLEY 
D6/08/82 TO 11/24/92 
REPORT DATE:'02/17/93 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP REL. 

BORON 0617 04/21/85 0001 AL N 
0617 07/31!85 0001 AL N 

BORON (TOTAL) 0616 06/03/91 N001 AL N 

BROMIDE i 0616 04/21!85 0001 AL ti 
0616 06/03/91 0001 AL N 
0617 04/21/85 0001 AL N 

BROMIDE (TOTAL) 0616 06/03/91 N001 AL N 

CADMIUM 0616 04!21/85 '0001 AL N 
0616 08/02!85 0001 AL N 
0616 06/03/91 0001 AL N 
0616 02/27/92 0001 AL N 
0617 04/21!85 0001 AL N 
0617 07/31/85 0001 AL N 
0617 02!27/92 0001 AL N 

CADMIUM (TOTAL) tl616 06/03/91 N001 AL N 
0616 02/27/92 N001 AL N 
0617 02!27/92 N001 AL N 

CALCIUM 0616 06/08/82 0001 AL N 
0616 04/21!85 0001 AL N 
0616 08/02/85 0001 AL N 
0616 06/03/91 0001 AL N 
0616 02/27/92 0001 AL N 
0617 04/21/85 0001 AL N 
0617 07/31/85 0001 AL N 
0617 02/27/92 0001 AL N 

CALCIUM (TOTAL) 0616 06/03/91 N001 AL N 
0616 02!27/92 N001 AL N 
0617 02/27/92 N001 AL N 

CHLORIDE 0616 06/08/82 0001 AL N 
0616 04/21/85 0001 AL N 
0616 08/02/85 0001 AL N 
0616 06/03/91 0001 AL N 
0616 02/27/92 0001 AL N 

FORMATION OF COMPLETION CODE: 
AL - ALLUVIUM 

PARAMETER VALUE INDICATOR (PVI): < - LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
a - ADDED DETECTION LIMIT 

• 

UNITS OF PARAMETER 
MEASURE PVI VALUE FLAGS 

MG/L 0.20 
0.40 

MG/L 0.19 

MG/L < 2.00 
< 0.1 
< 2.00 

MG/L < 0.1 

MG/L < 0.001 
< 0.001 
< 0.001 
< 0.001 
< 0.001 
< 0.001 
< 0.001 

MG/L < 0.001 
< 0.001 
< 0.001 

MG/L 32.50 a 
35.50 
31.10 
35.6 
30.3 
18.00 
18.50 
18.1 

MG/L 4.5 
31.5 
18.3 

MG/L 24.00 a 
10.00 
16.00 
11.4 
9.7 

FLOW RELATIONSHIP CODE: 
N - UNKNOWN 

SAMPLE ID CODES: 
0001 - FILTERED SAMPLE (.45 MICRONS) 
N001 - UNFILTERED SAMPLE 

DETECTION 
LIMIT 

0.1 
0.1 

0.05 

2. 
0.1 
2. 

0.1 

0.001 
0.001 
0.001 
0.001 

00.001 
0.001 
0.001 

0.001 
0.001 
0.001 

0.01 
0.01 
0.01 
0.5 
0.5 
0.01 
0.01 
0.1 

0.1 
0.5 
0.1 

1. 
1. 
1. 
0.5 
0.5 

PARAMETER 
UNCERTAINTY 

--
-
-
--
-
-
----
--
---
-
--
-
-
--
-
--
-
--
-
-
-
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• • TABLE D.7.22- Groundwater Quality Data for Domestic Wells 616 and 617 
SITE: MON01 MONUMENT VALLEY 
06/08/82 TO 11/24/92 
REPORT DATE:. 02!17/93 '1:• 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP REL. 

.. 
CHLORIDE 0617 04/21/85 0001 AL N 

0617 07/31/85 0001 AL N 
0617 02!27/92 0001 AL N 

CHLORIDE (TOTAL) 0616 06/03/91 N001 AL N 
0616 02/27/92 N001 AL N 
0617 02/27/92 N001 AL N 

CHROMIUM 0616 04/21/85 0001 AL N 
0616 08/02/85 0001 AL N 
0616 06/03/91 0001 AL N 
0616 02/27/92 0001 AL N. 
0617 04/21!85 0001 AL N 
0617 07/31/85 0001 AL N 
0617 02!27/92 0001 AL N 

CHROMIUM (TOTAL) 0616 06/03/91 N001 AL N 
0616 02/27/92 N001 AL N 
0617 02!27/92 N001 AL N 

COBALT 0616 04!21!85 0001 AL N 
0616 08/02/85 0001 AL N 
0616 06/03/91 0001 AL N 
0617 04/21/85 0001 AL N 
0617 07/31/85 0001 AL N 

COBALT (TOTAL) 0616 06/03/91 N001 AL N 

COPPER 0616 04/21/85 0001 AL N 
0616 08/02/85 0001 AL N 
0616 06/03/91 0001 AL N 
0617 04/21/85 0001 AL N 
0617 07/31/85 0001 AL N 

COPPER (TOTAL) 0616 06/03/91 N001 AL N 

CYANIDE 0616 04/21/85 0001 AL N 
0616 08/02/85 0001 AL N 
0617 04/21!85 0001 AL N 
0617 07/31!85 0001 AL N 

FLUORIDE 0616 06/08/82 0001 AL N 

FORMATION OF COMPLETION CODE: 
AL - ALLUVIUM .. 

PARAMETER VALUE INDICATOR CPVI): < • LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
a · ADDED DETECTION LIMIT 

UNITS OF PARAMETER 
MEASURE PVL· 

~· 
VALUE FLAGS 

MG/L 27.00 
23.00 
15.5 

MG/L 11.3 
9.8 

15.8 

MG/L < 0.01 
0.04 

< 0.01 
< 0.01 
< 0.01 

0.03 
< 0.01 

MG/L < 0.01 
< 0.01 
< 0.01 

MG/L < 0.05 
< 0.05 
< 0.03 
< 0.05 
< 0.05 

MG/L < 0.03 

MG/L < 0.02 
0.03 

< 0.01 
< 0.02 

0.03 

MG/L < 0.01 

MG/L < 0.01 
< 0.01 
< 0.01 
< 0.01 

MG/L < 1.00 a 

FLOW RELATIONSHIP CODE: 
N • UNKNOWN 

SAMPLE ID CODES: 
0001 · FILTERED SAMPLE (.45 MICRONS) 
N001 • UNFILTERED SAMPLE 

DETECTION 
LIMIT 

1. 
1. 
0.5 

0.5 
0.5 
0.5 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

0.01 
0.01 
0.01 

0.05 
0.05 
0.03 
0.05 
0.05 

0.03 

0.02 
0.02 
0.01 
0.02 
0.02 

0.01 

0.01 
0.01 
0.01 
0.01 

1. 

• 
PARAMETER 

UNCERTAINTY 

--
-
. 
. 
. 

. 

. 

. 
--. 
-
--
-
-
-. 
. 
-
-
-. 
. 
. 
. 

-
--
--
-
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TABLE D.7.22- Groundwater Quality Data for Domestic ~ells 616 and 617 
SITE: MON01 MONUMENT VALLEY . 
06/08/82 TO 11/24/92 
REPORT DATE: 02/17/93 

LOCATION SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION PARAMETER 
PARAMETER NAME ID LOG DATE ID COMP REL. MEASURE PVI VALUE FLAGS LIMIT UNCERTAINTY 

FLUORIDE 0616 04/21/85 0001 AL N MG/L 0.50 0.1 -
0616 08/02/85 0001 AL N 0.60 0.1 -
0616 06/03/91 0001 AL N 0.3 0.1 -.. 
0617 04/21!85 0001 AL N 0.60 0.1 -
0617 07/31/85 0001 AL N. 0.90 0.1 -

FLUORIDE (TOTAL) 0616 06/03/91 N001 AL Nh MG/L 0.3 0.1 -
GROSS ALPHA 0616 04/21/85 0001 AL N PCI/L 3.90 0.2 3.90000 

0616 08/02/85 0001 AL N 5.40 0.2 3.90000 
0616 06/03/91 0001 AL N 10.7 1. 6.2 
0616 02!27/92 0001 AL N 1.2 1.0 3.9 
0617 04/21/85 0001 AL N 1.20 0.2 4.80000 
0617 07/31!85 0001 AL N 3.10 0.2 4.80000 
0617 02/27/92 0001 AL N 3.3 1.0 5.4 

GROSS ALPHA (TOTAL) 0616 06/03/91 N001 AL N PCI/L 6.5 1. 7.1 
0616 02/27/92 N001 AL N 3.7 1.0 4.2 
0617 02/27/92 N001 AL N 0.0 1.0 5.2 

GROSS BETA 0616 04/21/85 0001 AL N PCI/L 3.30 1. 1. 70000 
0616 08/02!85 0001 AL N 2.30 1. 3.40000 
0616 06/03/91 0001 AL N 3.5 0.5 3.2 
0616 02!27/92 0001 AL N 1.8 0.5 2.6 
0617 04/21/85 0001 AL N 3.60 1. 1.90000 
0617 07/31/85 0001 AL N 1.00 1. 3.20000 
0617 02/27/92 0001 AL N o.o 0.5 2.8 

GROSS BETA (TOTAL) 0616 06/03/91 N001 AL N PCI/L 4.4 0.5 3.5 
0616 02/27/92 N001 AL N 2.2 0.5 2.6 
0617 02!27/92 N001 AL N 2.5 0.5 3.1 

IRON 0616 06/08/82 0001 AL N MG/L < 0.10 a 0.1 -
0616 04/21/85 0001 AL N 0.03 0.03 -
0616 08/02/85 0001 AL N 0.06 0.03 -
0616 06/03/91 0001 AL N < 0.03 0.03 -
0616 02/27/92 0001 AL N < 0.03 0.03 -
0617 04/21/85 0001 AL N 0.03 0.03 -
0617 07/31/85 0001 AL N 0.18 0.03 -
0617 02/27/92 0001 AL N < 0.03 0.03 -

IRON (TOTAL) 0616 06/03/91 N001 AL N MG/L 0.16 0.03 -
FORMATION OF COMPLETION CODE: FLOW RELATIONSHIP CODE: 
AL - ALLUVIUM N - UNKNOWN 

PARAMETER VALUE INDICATOR CPVI): <- LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 - FILTERED SAMPLE (.45 MICRONS) 

OTHER PARAMETER VALUE FLAGS: N001 - UNFILTERED SAMPLE 
a - ADDED DETECTION LIMIT 

•• • • 
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LOCATION 

PARAMETER NAME ID 

IRON (TOTAL) 0616 
0617 

LEAD 0616 
0616 
0616 
0617 
0617 

LEAD (TOTAL) 0616 

LEAD-210 0616 
0616 
0617 
0617 

MAGNESIUM 0616 
0616 
0616 
0616 
0616 
0617 
0617 
0617 

MAGNESIUM (TOTAL) 0616 
0616 
0617 

MANGANESE 0616 
0616 
0616 
0616 
0617 
0617 
0617 

MANGANESE (TOTAL) 0616 
0616 
0617 

FORMATION OF COMPLETION CODE: 
AL - ALLUVIUM 

TABLE D.7.22- Groundwater Quality Data for Domestic Wells 616 and 617 
SITE: MON01 MONUMENT VALLEY 
06!08!82 TO 11/24/92 , · 

: REPORT DATE:. 02/17/93 

SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION 
LOG DATE ID COMP REL. MEASURE PVI VALUE FLAGS LIMIT 

02!27/92 N001 AL N MG/L 0.14 0.03 
02!27/92 N001 AL N < 0.03 0.03 

04!21!85 0001 AL N MG/L < 0.01 0.01 
08/02/85 0001 AL N < 0.01 0.01 
06/03/91 0001 AL N • < 0.005 0.005 
04!21!85 0001 AL N < 0.01 0.01 
07/31/85 0001. AL N < 0.01 0.01 

06/03/91 N001 AL N MG/L < 0.01 0.01 

04/21/85 0001 AL N PCI/L 1.20 1.5 
08/02/85 0001 AL N 1.20 1.5 
04/21/85 0001 AL N < 1.10000 b 1.5 
07/31/85 0001 AL N < 1.00000 b 1.5 

06/08/82 0001 AL N MG/L 24.00 a 0.001 
04/21!85 0001 AL N 22.80 0.001 
08/02/85 0001 AL N 23.60 0.001 
06/03/91 0001 AL N· 28.4 0.1 
02/27/92 0001 AL N . 25.6 0.1 
04!21!85 0001 AL N . 31.20 0.001 
07/31!85 0001 AL N 29.70 0.001 
02/27/92 0001 AL N 33.0 0.1 

06/03/91 N001 AL N MG/L 26.1 . 0.1 
02!27/92 N001 AL N 28.2 0.1 
02/27/92 N001 AL N 35.3 0.1 

04/21/85 0001 AL N MG/L < 0.01 0.01 
08/02!85 0001 AL N < 0.01 0.01 
06/03/91 0001 AL N < 0.01 0.01 
02/27/92 0001 AL N < 0.01 0.01 
04/21/85 0001 AL N < 0.01 0.01 
07/31/85 0001 AL N < 0.01 0.01 
02/27/92 0001 AL N < 0.01 0.01 

06/03/91 N001 AL N MG/L < 0.01 0.01 
02/27/92 N001 AL N < 0.01 0.01 
02/27/92 N001 AL N < 0.01 0.01 

FLOW RELATIONSHIP CODE: 
N - UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT SAMPLE ID CODES: 

OTHER PARAMETER VALUE FLAGS: 
a - ADDED DETECTION LIMIT 
b - CHANGED PARAMETER VALUE 

0001 • FILTERED SAMPLE (.45 MICRONS) 
N001 - UNFILTERED SAMPLE 

• 
PARAMETER 

UNCERTAINTY 

--
-
--
-
-
-

1.00000 
1.20000 
1.10000 
1.00000 

--
--
--
--
-
--
-
--
-
-
-
-
-
-
-
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TABLE D.7.22 ·Groundwater Quality Data for Domestic Wells 616 and 617 
SITE: MON01 MONUMENT VALLEY 
06/08/,82 TO 11/24/92. 
REPORT DATE: 021,17/93 

LOCATION SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION 
PARAMETER NAME ID LOG DATE ID COMP REL. MEASURE PVI VALUE FLAGS LIMIT 

MERCURY 0616 04/21/85 0001 AL N MG/L < 0.0002 0.0002 
0616 08/02/85 0001 AL N < 0.0002 0.0002 
0617 04/21/85 0001 AL N < 0.0002 0.0002 
0617 07/31/85 0001 AL N < 0.0002 0.0002 

MOLYBDENUM ;. 0616 06/08/82 0001 AL N· MG/L < 0.025 8 0.025 
0616 04/21/85 0001 AL N < 0.01 0.01 
0616 08/02/85 0001 AL N 0.08 0.01 
0616 06/03/91 0001 AL N 0.01 0.01 
0616 02/27/92 0001 AL N < 0.01 0.01 
0617 04/21/85 0001 AL N < 0.01 0.01 
0617 07/31/85 0001 AL N 0.06 0.01 
0617 02/27/92 0001 AL N 0.01 0.01 

MOLYBDENUM (TOTAL) 0616 06/03/91 N001 AL N MG/L < 0.01 0.01 
0616 02/27/92 N001 AL N < 0.01 0.01 
0617 02/27/92 N001 AL N 0.02 0.01 

NET GROSS ALPHA * 0616 04/21/85 0001 AL N PCI/L 2.19 . 
0616 08/02/85 0001 AL N 3.89 . 
0616 06/03/91 0001 AL N 10.01 . 
0616 02/27/92 0001 AL N ·1.54 . 
0617 04/21/85 0001 AL N ·2.50 . 
0617 07/31/85 0001 AL N 0.15 . 
0617 02/27/92 0001 AL N ·0.13 . 

NET GROSS ALPHA (TOTAL) ** 0616 06/03/91 N001 AL N PCI/L 6.16 . 
0616 02/27/92 N001 AL N 0.96 . 
0617 02/27/92 N001 AL N ·2.06 . 

NICKEL 0616 04/21/85 0001 AL N MG/L < 0.04 0.04 
0616 08/02/85 0001 AL N 0.06 0.04 
0616 06/03/91 0001 AL N < 0.04 0.04 
0617 04/21/85 0001 AL N < 0.04 0.04 
0617 07/31/85 0001 AL N 0.08 0.04 

NICKEL (TOTAL) 0616 06/03/91 N001 AL N MG/L < 0.04 0.04 

* NET GROSS ALPHA (GROSS ALPHA • URANIUM) WITH 1 MG URANIUM = 686 PCI 
** NET GROSS ALPHA (TOTAL) (TOTAL GROSS ALPHA • TOTAL URANIUM) 

FORMATION OF COMPLETION CODE: FLOW RELATIONSHIP CODE: 
AL • ALLUVIUM . N • UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 · FILTERED SAMPLE (.45 MICRONS) 

OTHER'PARAMETER VALUE FLAGS: N001 ·UNFILTERED SAMPLE 
8 • ADDED DETECTION LIMIT 

PARAMETER 
UNCERTAINTY 

. 
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. LOCATION 

PARAMETER NAME ID 

NITRATE 0616 
0616 
0616 
0616 
0617 
0617 
0617 

NITRATE (TOTAL) 0616 
0616 
0617 

NITRITE 0616 
0616 
0617 

NITRITE AND NITRATE 0616 
0616 
0617 

NITRITE AND NITRATE (TOTAL) 0616 

PH 0616 
0616 
0616 
0616 
0616 
0616 
0616 
0616 
0617 
0617 
0617 
0617 
0617 

PHOSPHATE 0616 
0616 
0617 
0617 

POLONIUM·210 0616 

FORMATION OF COMPLETION CODE: 
AL • ALLUVIUM 

• TABLE D.7.22 ·Groundwater Quality Data for Domestic Wells 616 and 617 
SITE: MON01 MONUMENT VALLEY 
06/08/82 TO. 11/24/92-· 
REPORT DATE: 02/17/93 

SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION 
LOG DATE ID COMP REL. MEASURE PVI VALUE FLAGS LIMIT 

04/21/85 0001 AL N MG/L 8.86 1. 
08/02/85 0001 AL N 3.00 1. 
06/03/91 0001 AL N 6.2 1. 
02/27/92 0001 AL N 2.4 1.0 
04/21/85 0001 AL N· 22.15· 1. 
07/31/85 0001 AL N 6.00 1. 
02/27/92 0001 AL N 12.6 1.0 

06/03/91 N001 AL N MG/L 5.7 1. 
02/27/92 N001 AL N 4.9 1.0 
02/27/92 N001 AL N 13.0 1.0 

04/21/85 0001 AL N MG/L 0.33 0.1 
08/02/85 0001 AL N < 0.10 0.1 
07/31/85 0001 AL N < 0.10 0.1 

04/21/85 0001 AL N MG/L 2.10 0.1 
06/03/91 0001 AL N 1.40 0.05 
04/21/85 0001 AL N 5.00 0.1 

06/03/91 N001 AL MG/L 1.29 0.05 

06/08/82 0001 AL su 6.90 . 
04/21/85 0001 AL 8.11 -
08/02/85 0001 AL 7.52 . 
06/03/91 0001 AL 7.89. . 
06/03/91 N001 AL 7.89 -
02/27/92 0001 AL 8.25 -
02/27/92 N001 AL 8.25 -
11/24/92 0001 AL 8.90 . 
04/21/85 0001 AL 8.17 -
07/31/85 0001 AL 7.74 . 
02/27/92 0001 AL 8.39 . 
02/27/92 N001 AL 8.39 . 
11!24/92 0001 AL 8.57 . 

04/21!85 0001 AL N MG/L 0.20 0.1 
08/02/85 0001 AL N < 0.1 0.1 
04/21/85 0001 AL N < 0.10 0.1 
07/31!85 0001 AL N < 0.1 0.1 

04/21/85 0001 AL N PCI/L < 0.80000 b 1. 

FLOW RELATIONSHIP CODE: 
N • UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT SAMPLE ID CODES: 

OTHER PARAMETER VALUE FLAGS: 
b • CHANGED PARAMETER VALUE 

0001 · FILTERED SAMPLE (.45 MICRONS) 
N001 • UNFILTERED SAMPLE 

• 
PARAMETER 

UNCERTAINTY 

-
-
-
-
--
-
--
-
-
-
-
--
-
. 
. 
-
-. 
-
-
-. 
-
-
-. 
. 
. 
-. 
. 

0.80000 
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TABLE D.7.22- Groundwater Quality Data for Domestic Wells 616 and 617 
SITE: MON01 MONUMENT VALLEY 
06/08/82 TO 11/24/92 
REPORT DATE: 02/17/93 

• l "-1 ,. 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP REL. 

POLONIUM-210 0616 08/02/85 0001 AL N 
0617 04!21/85 0001 AL .N 
0617 07/31/85 0001 AL N 

POTASSIUM 0616 06/08/82 0001 AL N 
l 0616 04/21!85 0001 AL ,N 

0616 08/02/85 0001 AL N 
0616 06/03/91 0001 AL N 
0616 02!27/92 0001 AL N 
0617 04/21!85 0001 AL N 
0617 07/31/85 0001 AL N 
0617 02/27/92 0001 AL N 

POTASSIUM (TOTAL) 0616 06/03/91 N001 AL N 
0616 02!27/92 N001 AL N 
0617 02/27/92 N001 AL N 

RADIUM-226 0616 06/08/82 0001 AL N 
0616 04!21!85 0001 AL N 
0616 08/02!85 0001 AL N 
0616 06/03/91 0001 AL N 
0616 02/27/92 0001 AL N 
0617 04/21/85 0001 AL N 
0617 07/31!85 0001 AL N 
0617 02!27/92 0001 AL N 

RADIUM-226 (TOTAL) 0616 06/03/91 N001 AL N 
0616 0.2!27/92 N001 AL N 
0617 02!27/92 N001 AL N 

RADIUM-226 + RADIUM-228 0616 04/21!85 0001 AL N 
0616 08/02/85 0001 AL N 
0616 06/03/91 0001 AL N 
0616 02/27/92 0001 AL N 
0617 04/21!85 0001 AL N 
0617 07/31/85 0001 AL N 
0617 02/27/92 0001 AL N 

FORMATION OF COMPLETION cobE: 
AL • ALLUVIUM 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
a • ADDED DETECTION LIMIT 
b - .CHANGED PARAMETER VALUE 
c • CHANGED DETECTION LIMIT 
d • CHANGED DETECTION LIMIT AND PARAMETER VALUE 
e - NO UNCERTAINTY VALUE REPORTED 

• 

UNITS OF PARAMETER 
MEASURE PVI VALUE FLAGS 

PCI/L < 0. 70000 b 
< 0.80000 b 
< 0.60000 b 

MG/L 1.00 a 
1.07 
2.08 
1.06 
0.87 
0.91 
0.76 
0.55 

MG/L 1.28 
0.84 
0.63 

PCI/L < 2.00 ae 
0.10 c 
0.50 c 
0.0 
0.0 

< 0.20000 d 
0.10 c 
0.1 

PCI/L 0.1 
0.0 
0.0 

PCI/L 0.60 
1.00 
0.40 
2.30 
0.55 
0.60 
1.70 

FLOW RELATIONSHIP CODE: 
N • UNKNOWN 

SAMPLE ID CODES: 
0001 • FILTERED SAMPLE (.45 MICRONS) 
N001 - UNFILTERED SAMPLE 

DETECTION 
LIMIT 

1. 
1. 
1. 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

0.01 
0.01 
0.01 

2. 
0.3 
0.8 
1. 
1.0 
0.1 
0.3 
1.0 

1. 
1.0 
1.0 

--
--
-
-
-

PARAMETER 
UNCERTAINTY 

0.70000 
0.80000 
0.60000 

--
--
--
--
-
--
-

0.20000 
0.30000 
0.2 
0.2 
0.20000 
0.20000 
0.2 

0.3 
0.1 
0.2 

-
-
--
--
-

•• 



c 
I 

-'=" .... .... 

• • TABLE D.7.22 - Groundwater Quality Data for Domestic Wells 616 and 617 
SITE: MON01 MONUMENT VALLEY . 
06/08/82. TO 11/24/92 
REPORT DATE: 02/17/93 ,. 

LOCATION SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION 
PARAMETER NAME ID LOG DATE ID COMP REL. MEASURE PVI!' VALUE FLAGS LIMIT 

RADIUM-226 + RAOIUM-228 TOTAL 0616 06/03/91 N001 AL N. PCI/L 7.80 -
0616 02/27/92 N001 AL N. 0.00 -
0617 02/27/92 N001 AL N" 0.00 -., 

RADIUM-228 0616 04/21/85 0001 AL N PCI/L < 1.00000 b 1. 
0616 08/02/85 0001 AL N''• < 0.70000 b 1 ~ ~ : 

0616 06/03/91 0001 AL N 0.4 1. 
0616 02/27/92 0001 AL N. 2.3 1.0 
0617 04/21!85 0001 AL N' < 0.70000 b 1. 
0617 07/31/85 0001 AL N < 0.80000 b 1. 
0617 02/27/92 0001 AL N:.; 1.6 1.0 

RADIUM-228 (TOTAL) 0616 06/03/91 N001 AL N PCI/L 7.7 1. 
0616 02/27/92 N001 AL N. 0.0 1.0 
0617 02/27/92 N001 AL N' 0.0 1.0 

SELENIUM 0616 06/08/82 0001 AL N MG/L < 0.005 a 0.005 
0616 04!21/85 0001 AL N· < 0.005 0.005 
0616 08/02!85 0001 AL N < 0.005 0.005 
0616 02!27/92 0001 AL N 0.005 0.005 
0617 04/21/85 0001 AL N < 0.005 0.005 
0617 07/31!85 0001 AL N·· < 0.005 0.005 
0617 02/27/92 0001 AL N 0.007 0.005 

SELENIUM (TOTAL) 0616 06/03/91 N001 AL N. MG/L 0.006 0.005 
0616 02!27/92 N001 AL N < 0.005 0.005 
0617 02!27/92 N001 AL N 0.005 0.005 

SILICA - SI02 0616 04/21/85 0001 AL N' MG/L 25.00 2. 
0616 08/02!85 0001 AL N. 11.00 2. 
0616 06/03/91 0001 AL N 26.1 0.1 
0617 04/21/85 0001 AL N 33.00 2. 
0617 07/31/85 0001 AL N· 5.00 2. 

SILICA - SI02 (TOTAL) 0616 06/03/91 N001 AL N MG/L 8.7 0.1 

SILVER 0616 04!21/85 0001 AL N MG/L < 0.01 0.01 
0616 08/02/85 0001 AL N < 0.01 0.01 
0616 06/03/91 0001 AL N < 0.01 0.01 
0617 04/21/85 0001 AL N < 0.01 0.01 

FORMATION OF COMPLETION CODE: FLOW RELATIONSHIP CODE: 
AL - ALLUVIUM N - UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): < - LESS THAN DETECTION LIMIT SAMPLE ID CODES: 

OTHER PARAMETER VALUE FLAGS: 
a - ADDED DETECTION LIMIT 
b • CHANGED PARAMETER VALUE 

0001 - FILTERED SAMPLE (.45 MICRONS) 
N001 • UNFILTERED SAMPLE 

• 
PARAMETER 

UNCERTAINTY 

-
-
-

1.00000 
0.70000 
1.6 
1.1 
0.70000 

. 0.80000 
1.0 

2.3 
1.8 
3.0 

--
--
--
-
---
--
--
-
-
-
-
--
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LOCATION 
PARAMETER NAME ID 

SILVER 0617 

SILVER (TOTAL) 0616 

SODIUM 0616 
: 0616 

0616 
0616 
0616 
0617 
0617 
0617 

SODIUM (TOTAL) 0616 
0616 
0617 

SPECIFIC CONDUCTANCE 0616 
0616 
0616 
0616 
0616 
0616 
0616 
0616 

' 0617 
0617 
0617 
0617 
0617 

STRONTIUM 0616 
0616 
0616 
0616 
0617 
0617 
0617 

STRONTIUM (TOTAL) 0616 
0616 

FORMATION OF COMPLETION CQDE: 
AL - ALLUVIUM 

TABLE 0.7.22- Groundwater Quality Data for Domestic Wells 616 and 617 
SITE: MOND1 MONUMENT VALLEY 
06/08/82 TO 11/24/92 
REPORT·D~TE: 02/17/93 

SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION 
LOG DATE ID COMP REL. MEASURE PVI VALUE FLAGS LIMIT 

07/31/85 0001 AL N MG/L < 0.01 0.01 

06/03/91 N001 AL N MG/L < 0.01 0.01 

06!0i5!8~ 0001 AL N MG/L 80.10 a 0.002 
04/21/85 0001 AL N, 34.20 0.002 
08/02/85 0001 AL N~. 50.10 0.002 
06/03/91 0001 AL N 66. 1. 
02/27/92 0001 AL N 57. 1. 
04/21/85 0001 AL N 150.00 0.002 
07/31!85 0001 AL N, 134.00 0.002 
02/27/92 0001 AL N 91. 1. 

06/03/91 N001 AL N MG/L 63. 1. 
02!27/92 N001 AL N 61. 1. 
02/27/92 N001 AL N 93. 1. 

06/08/82 0001 AL UMHO/CM 500.00 -
04/21/85 0001 AL 390.00 -
08/02!85 0001 AL 700.00 -
06/03/91 0001 AL 602. -
06/03/91 N001 AL 602. -
02/27/92 0001 AL 397 -
02/27/92 N001 AL 397 -
11!24/92 0001 AL 400 -
04/21/85 0001 AL 650.00 -
07/31/85 0001 AL 900.00 -
02/27/92 0001 AL 525 -
02!27/92 N001 AL 525 -
11/24/92 0001 AL N 500 -
04/21/85 0001 AL N MG/L < 0.10 0.1 
08/02/85 0001 AL N < 0.10 0.1 
06/03/91 0001 AL N 0.43 0.01 
02!27/92 0001 AL N 0.40 0.01 
04!21!85 0001 AL N < 0.10 0.1 
07/31/85 0001 AL N < 0.10 0.1 
02!27/92 0001 AL N 0.37 0.01 

06/03/91 N001 AL N MG/L 0.05 0.01 
02/27/92 N001 AL N 0.44 0.01 

FLOW RELATIONSHIP CODE: 
N - UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): <- LESS THAN DETECTION LIMIT SAMPLE ID CODES: 
0001 - FILTERED SAMPLE (.45 MICRONS) 

OTHER PARAMETER VALUE FLAGS: N001 - UNFILTERED SAMPLE 
a - ADDED DETECTION LIMIT 

PARAMETER 
UNCERTAINTY 

-
-
--
--
----
-
--
-
--
--
-
-
--
--
-
-
-
-
-
-
-
-
-
-
-
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TABLE D.7.22- Groundwater Quality Data for Domestic Wells 616 and 617 
SITE: MON01 MONUME-NT VALLEY 
06/08/82 TO 11/24/92 
REPORT DATE: 02/17/93 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP REL. 

STRONTIUM (TOTAL) 0617 02!27/92 N001 AL N 

SULFATE 0616 06!08!82 0001 AL N 
'0616 04/21/85 0001 AL N 
0616 08/02!85 0001 AL N : 
·o616 06/03/91 0001 AL N 
.0616 02/27/92 0001 AL N 
0617 04/21!85 0001 AL N 
0617 07/31!85 0001 AL N 
0617 02!27/92 0001 AL N 

SULFATE (TOTAL) 0616 06/03/91 N001 AL N 
0616 02/27/92 N001 AL N 
0617 02!27/92 N001 AL N 

SULFIDE 0616 04/21!85 0001 AL N 
0616 08/02!85 0001 AL N 
0617 04/21/85 0001 AL N 
0617 07/31/85 0001 AL N 

SULFIDE (TOTAL) ·o616 06/03/91 N001 AL N 

TEMPERATURE 0616 06/08/82 0001 AL 
0616 04!21/85 0001 AL 
0616 08/02!85 0001 AL 
0616 06/03/91 0001 AL 
0616 06/03/91 N001 AL 
0616 02!27/92 0001 AL 
0616 02!27/92 N001 AL 
0616 11/24/92 0001 AL 
0617 04/21/85 0001 AL 
0617 07/31!85 0001 AL 
0617 02!27/92 0001 AL 
0617 02!27/92 N001 AL 
0617 11!24/92 0001 AL 

THALLIUM 0616 06/03/91 0001 AL N 

THALLIUM (TOTAL) 0616 06/03/91 N001 AL N 

THORIUM-230 0616 04/21/85 0001 AL N 

FORMATION OF COMPLETION CODE: 
AL • ALLUVIUM 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
I • INCREASED DETECTION LIMIT DUE TO REQUIRED DILUTION 
a • ADDED DETECTION LIMIT 
c • CHANGED DETECTION LIMIT 

UNITS OF PARAMETER 
MEASURE PVI VALUE FLAGS 

MG/L 0.39 

MG/L 80.00 a 
55.80 
61.30 

134. 
69. 

158.00 
144.00 
85. 

MG/L · 82. 
77. 
91. 

MG/L < 0.10 
< 0.01 
< 0.10 
< 0.01 

MG/L < 1. I 

C • DEGREE 19.00 
13.00 
19.00 
15.7 
15.7 
8.6 
8.6 
9.0 

14.00 
21.00 
9.7 
9.7 

10.1 

MG/L < 0.01 

MG/L < 0.01 

PCI/L 0.10 c 

FLOW RELATIONSHIP CODE: 
N • UNKNOWN 

SAMPLE ID CODES: 
0001 • FILTERED SAMPLE (.45 MICRONS) 
N001 • UNFILTERED SAMPLE 

DETECTION 
LIMIT 

0.01 

0.1 
0.1 
0.1 

10. 
10. 
0.1 
0.1 

10. 

0.1 
10. 
10. 

0.1 
0.1 
0.1 
0.1 

1. 

--
------
--
-
-
-

0.01 

0.01 

0.7 

• 
PARAMETER 

UNCERTAINTY 

-
--
--
--
--
---
-
--
-
-
--
--
--
--
-
-
--
-
-
-
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TABLE D.7.22- Groundwater Quality Data for Domestic Wells 616 and 617 
SITE: MON01 MONUMENT VALLEY 
06/08/82.TO 11/24/92 
REPORT DATE:' 02/17/93 . 

LOCATION SAMPLE FORM FLOW 
PARAMETER NAME ID LOG DATE ID COMP REL. 

THORIUM-230 0616 08/02/85 0001 AL N 
0616 06/03/91 0001 AL N 
0617 04/21/85 0001 AL N 
0617 07/31/85 0001 AL N 

THORIUM-230 (TOTAL) 0616 06/03/91 N001 AL N 

TIN 0616 04/21/85 0001 AL N 
0616 08/02/85 0001 AL N 

. 0616 06/03/91 0001 AL N 

. 0617 04!21/85 0001 AL N 
0617 07/31/85 0001 AL N 

TIN (TOTAL) 0616 06/03/91 N001 AL N 

TOTAL DISSOLVED SOLIDS 0616 06/08/82 0001 AL N 
0616 04/21/85 0001 AL N 
0616 08/02/85 0001 AL N 
0616 06/03/91 0001 AL N 
0616 02/27/92 0001 AL N 
0617 04/21/85 0001 AL N 
0617 07/31/85 0001 AL N 
0617 02!27/92 0001 AL N 

TOTAL ORGANIC CARBON 0616 04!21/85 0001 AL N 
0616 08/02!85 0001 AL N 
0616 06/03/91 0001 AL N 
0616 06/03/91 N001 AL N 
0616 02/27/92 0001 AL N 
0616 02/27/92 N001 AL N 
0617 04/21/85 0001 AL N 
0617 07/31/85 0001 AL N 
0617 02/27/92 0001 AL N 
0617 02/27/92 N001 AL N 

TOTAL ORGANIC HALOGENS 0616 04/21/85 0001 AL N 
0617 04/21/85 0001 AL N 

URANIUM 0616 06/08/82 0001 AL N 

FORMATION OF COMPLETION CODE: 
AL - ALLUVIUM 

PARAMETER VALUE INDICATOR (PVI): < • LESS THAN DETECTION LIMIT 

OTHER PARAMETER VALUE FLAGS: 
I • INCREASED DETECTION LIMIT DUE TO REQUIRED DILUTION 
a • ADDED DETECTION LIMIT 
c • CHANGED DETECTION LIMIT 

• 

UNITS OF PARAMETER 
MEASURE PVI VALUE FLAGS 

.PCI/L 0.20 c 
0.8 
0.20 c 
0.20 

IPCI/L 1.4 ... 
MG/L < 0.005 

< 0.005 
< 0.01 I 

'· < 0.005 
< 0.005 

MG/L < 0.01 I 

MG/L 366.00 a 
294.00 
368.00 
378. 
349. 
626.00 
581.00 
442. 

MG/L 79.00 
46.00 

1. 
< 1. 
< 1. 
< 1. 

41.00 
44.00 

< 1. 
< 1. 

MG/L 0.005 
0.005 

MG/L 0.004 a 

FLOW RELATIONSHIP CODE: 
N • UNKNOWN 

SAMPLE ID CODES: 
0001 • FILTERED SAMPLE (.45 MICRONS) 
N001 • UNFILTERED SAMPLE 

• 

DETECTION 
LIMIT 

0.7 
1. 
0.9 
1. 

1. 

0.005 
0.005 
0.01 
0.005 
0.005 

0.01 

10. 
10. 
10. 
10. 
10. 
10. 
10. 
10. 

1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 

-
-

0.003 

PARAMETER 
UNCERTAINTY 

0.50000 
0.3 
0.70000 
0.80000 

0.5 

-
-
-
-
-
-
-
------
-
--
--
--
--
-
-

0.00500 
0.00100 

-

• 



0 
I 

-'=" ...... 
U'l 

• 
LOCATION 

PARAMETER NAME ID 

URANIUM 0616 
0616 
0616 
0616 
0617 
0617 
0617 

URANIUM (TOTAL) 0616 
0616 
0617 

VANADIUM 0616 
0616 
0616 
0616 
0616 
0617 
0617 
0617 

VANADIUM (TOTAL) 0616 
0616 
0617 

ZINC 0616 
0616 
0616 
0616 
0617 
0617 
0617 

ZINC (TOTAL) 0616 
0616 
0617 

FORMATION OF COMPLETION CODE: 
AL - ALLUVIUM 

• TABLE D.7.22- Groundwater Quality Data for Domestic Wells 616 and 617 
SITE: MON01 MONUMENT·VALLEY 
06/08/82 TO 11/24/92 
REPORT DATE: 02/17/93 

SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION 
LOG DATE ID COMP REL. MEASURE PVI VALUE FLAGS LIMIT 

04/21/85 0001 AL N . MG/L 0.0025 c 0.0025 
08/02/85 0001 AL N . 0.0022 c 0.0022 
06/03/91 0001 AL N 0.001 0.001 
02!27/92 0001 AL N .. 0.004 0.001 
04/21/85 0001 AL N 0.0054 0.003 
07/31/85 0001 AL N 0.0043 0.003 
02/27/92 0001 AL N . 0.005 0.001 

06/03/91 N001 AL N MG/L < 0.001 0.001 
02/27/92 N001 AL N. 0.004 0.001 
02!27/92 N001 AL N . 0.003 0.001 

06/08/82 0001 AL N MG/L < 0.025 a 0.025 
04/21/85 0001 AL N < 0.01 0.01 
08/02/85 0001 AL N 0.50 0.01 
06/03/91 0001 AL N < 0.01 0.01 
02/27/92 0001 AL N < 0.01 0.01 
04/21/85 0001 AL N < 0.01 0.01 
07/31/85 0001 AL N 0.60 0.01 
02/27/92 0001 AL N 0.02 0.01 

06/03/91 N001 AL N MG/L < 0.01 0.01 
02/27/92 N001 AL N < 0.01 0.01 
02/27/92 N001 AL N 0.01 0.01 

04/21/85 0001 AL N MG/L 1.00 0.005 
08/02/85 ooi:11 AL N 0.12 0.005 
06/03/91 0001 AL N < 0.005 0.005 
02/27/92 0001 AL N < 0.005 0.005 
04/21/85 0001 AL N 1.60 0.005 
07/31/85 0001 AL N 0.01 0.005 
02/27/92 0001 AL N < 0.005 0.005 

06/03/91 N001 AL N MG/L < 0.005 0.005 
02/27/92 N001 AL N 0.039 0.005 
02!27/92 N001 AL N < 0.005 0.005 

FLOW RELATIONSHIP CODE: 
N - UNKNOWN 

PARAMETER VALUE INDICATOR (PVI): < - LESS THAN DETECTION LIMIT SAMPLE ID CODES: 

OTHER PARAMETER VALUE FLAGS: 
a - ADDED DETECTION LIMIT 
c - CHANGED DETECTION LIMIT 

DATA FILE NAME: M:\DART\MON01\GWQ10018.DAT 

0001 - FILTERED SAMPLE (.45 MICRONS) 
N001 - UNFILTERED SAMPLE 

• 
PARAMETER 

UNCERTAINTY 

----
--
-
-
-
-
--
-
-
---
-
-
--
--
-
--
-
-
-
-
-
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D.8 SURFACE-WATER HYDROLOGY 

D.8.1 GENERAL 

The nearest occurrences of perennial surface water at the Mexican 
Hat site in the area of the tailings are three sewage lagoons at the 
northwest corner of the site. One of these sewage 1 agoons contains 
approximately 475,000 gallons of untreated liquid wastes; the other two 
lagoons are available to receive overflow from the active sewage lagoon. 
Recharge to these lagoons is from the sewage discharge system serving the 
community of Halchita. The impounded wastes recharge the upper 
hydrostratigraphic unit by infiltration through the unlined pond base; no 
surface discharge from the pond is evident. Overflow from the pond 
drains northwestward toward the San Juan River via a small, unnamed 
arroyo. 

The San Juan River represents the largest surface-water occurrence 
in the area. The river is approximately one air mile north of the 
tailings site and 240 feet lower in elevation. 

The arroyos in the area of the site, Gypsum Creek being the largest, 
contain ephemeral occurrences of surface water. Several seeps have been 
reported at various times within these drainages, but in general, surface 
water in the arroyos is confined to periods immediately following. 
precipitation events . 

D.8.2 DRAINAGE AND FLOW 

Gypsum Creek, an ephemeral stream, is located approximately 2000 
feet east of the tailings pile. Due to the ephemeral nature of flows 
within Gypsum Creek, no records of flow within the creek exist. This 
creek is separated from the tailings site by a low ridge line, and is 
incised approximately 100 feet below the elevation of the tailings site. 
The effects of flows within Gypsum Cree~, in terms of affecting the 
tailings site, are considered negligible. 

The site is drained by a network of arroyos that ultimately dis
charge into the San Juan River (Figure D.8.1). The tailings site is 
located approximately one mile south of the San Juan River, a large, 
perennial-flowing tributary of the Colorado River. 

These networks of arroyos are similarly incised, ephemeral, and have 
no record of measured discharges. Due to the relatively small size of 
the upstream watershed, slightly greater than 360 acres, and the rela
tively deeply incised nature of the arroyos, the effects of flows within 
these arroyos upon the tailings site is likewise considered negligible . 
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D.8.3 FLOODING ANALYSIS 

The Mexican Hat tailings site is approximately one air mile south of 
the San Juan River and 240 feet above the riverbed. The potential for 
floodwaters reaching the pile is considered negligible; therefore, a 
flood analysis is not required. 

D.8.4 WATER QUALITY 

Tailings site 

Perenni a 1 flowing surface water is present within the San Juan 
River, located approximately one mile north of the tailings site. The 
river receives sporadic discharges from the arroyos draining the area of 
the tailings site, at the confluence of Gypsum Creek and the San Juan 
River (see Figure D.8.1). 

Water-qua 1 i ty ana 1 yses for samp 1 es withdrawn from the San Juan 
River, both upstream and downstream of the tailings site, are available 
from several sources. The U.S. Geological Survey {USGS) has collected 
water~quality data continuously since 1927 at a sampling station located 
on the south bank of the river, downstream from the confluence of the 
river and Gypsum Creek (Figure D.8.1). The USGS (1985) data indicate 
that the flow-weighted TDS concentration averaged approximately 360 
milligrams per liter over the 59-year period of record. T~e dominant 
ions are normally calcium and sulfate, except during spring runoff when 
bicarbonate and calcium dominate. The pH value of the water generally 
ranges from 7.5 to 8. The river is generally free of chemical consti
tuents with concentrations in excess of EPA drinking water standards, 
although occasionally iron, manganese, and sulfate do occur in concen
trations marginally to substantially above EPA drinking water standards. 
Due to the relatively large flow, and subsequent diluting effect within 
the river, it is unlikely that the sporadic discharges from the arroyos 
draining the area of the tailings have any measurable impact upon the 
chemical quality of the San Ju~n River. 

Radio 1 ogi ca 1 water-qua 1 i ty data have been reported for samp 1 es 
collected with the San Juan River, both upstream and downstream of the 
tailings site. These data are found in reports compiled by the EPA 
(1973), Geochemistry and Environmental Chemistry Research (GECR, 1982), 
and DOE (see Section D.2). Sample locations are shown.in Figure D.8.1, 
and water-quality analyses are reported in Table D.8.1. These data 
indicate that Ra-226 and total uranium concentrations measured upstream 
of the tailings site do not vary significantly from those concentrations 
measured downstream of the site. 

Borrow sites 

~ 

~. 

Due to the ephemera 1 nature of surface-water flows within the 
arroyos draining the areas of the borrow sites, no water-quality data are 
available for these locations. Even if available, water-quality analyses ~ 
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of water within the arroyos would not be indicative of stream-water 
chemistry, because of evaporative effects, unless the water-quality 
samples could be collected during periods of stream flow. 

p.8.5 WATER USE 

The Halchita community obtains all of its water from the San Juan 
River. This is accomplished by use of a Navajo Tribal Utility Authority 
(NTUA) pumping station and water treatment plant located on the south 
bank of the San Juan River below the point where Gypsum Creek empties 
into the river. The treated water is pumped, via an aqueduct, into three 
holding tanks located in the hills to the east of Halchita. The average 
production rate at the pumping station for the three-year period of May 

.1982 to May 1985, was approximately 9.74 million gallons per year. 
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Table 0.8.1 Radiological analyses of surface-water samples collected in the area • 
of Meiican Hat tailings site 

Location identification 

Constituent EPA1 EPA2 938 939 954 955 961 

Uranium, mg/1 0.0009 0.0050 0.0014 0.0017 0.0024 

Ra-226, pCi/g 0.13 0.17 0.4 :!: 0.2 0.2 + 0.2 

• 

• 
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D.9 METEOROLOGICAL DATA 

Meteorological data are essential in order to estimate the length of the 
construction season, plan construction dust and runoff controls, design long-term 
erosion control and proper cover for the stabilized tailings, and determine any 
special protection required for personnel or equipment. 

D.9.1 WEATHER PATTERNS 

The climate at the Mexican Hat site is of the semiarid desert type, 
with light precipitation, low relative humidity, and large ranges in 
daily and annual temperatures. The winters are cold but not usually 
severe, with Fahrenheit temperatures of zero degrees or below occurring 
only every second or third year. The summers are characterized by hot, 
dry weather with high temperatures in the 90s and low 100s (°F) (FBD and 
SNL, 1983). Wind directions depend on the local pressure gradient and 
terrain features, and average wind velocities are generally less than 10 
mi 1 es per hour (mph). Thunderstorms 'with accompanying 1 i ghtni ng are 
relatively common, especially during the warmer months of the year. 
Winds associated with storm fronts or severe thunderstorms may 
occasionally exceed 60 mph, but normally are between 30 and 40 mph. More 
severe weather events such as hailstorms and tornadoes are less frequent 
(Stevens et al., 1983) • 

D.9.2 WIND 

A one-year wind record from the White Mesa Project at Blanding, 
Utah, shows an overall average wind speed of 9.2 mph (all directions) 
with the most frequent direction being from the south (Table D.9.1) (NRC, 
1979). Blanding is approximately 35 air miles northeast of. the site. 
Wind measurements at the tailings site in July and August 1976 showed the 
wind blowing predominantly from the southwest at an average velocity of 
five mph, with gusts up to 40 mph (FBD and SNL, 1983). 

Atmospheric stability data for the Farmington, New Mexico, airport 
are provided in Table D.9.2. This station is approximately 90 air miles 
west-southwest of Mexican Hat; however, it is the closest station for 
which these data are available. 

D.9.3 TEMPERATURE 

Temperature data for the Mexican Hat site are provided in Table 
D.9.3. The average annual maximum and minimum temperatures are 71.9°F and 
40.7°F, respectively. The average monthly maximum temperatures range from 
43.4°F in January to 98.4°F in July, and the average monthly minimum 
temperatures range from 18.9°F to 65.2°F in the same months, respectively. 
Diurnal temperature ranges are wide, commonly 30°F or more (Stevens et 
al., 1983) . 

D-423 
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D.9.4 PRECIPITATION 

Precipitation data for the Mexican Hat site are provided in Table 
D.9.3. The average annual precipitation is 6.09 inches, more than half 
of which occurs as rain during July through January. Approximately 60 
percent of the annual precipitation occurs between the average freeze
free (32°F) dates. Snowfall averages 3.3 inches annually, and all of this 
occurs during November through February (Stevens et al., 1983). The 
10-year 24-hour precipitation frequency value for the Mexican Hat area is 
1.7 inches (Miller et al., 1973). 

D.9.5 FROST 

The average freeze-free (32°F) period at the Mexican Hat site is 
April 19 through October 23, or 190 days (Stevens et al., 1983). Data on 
the ~epth to the frost line at the Mexican Hat site are not available. 

D.9.6 EVAPORATION 

Estimated pan evaporation rates for the M~xican Hat site are 
provided in Table D.9.3. The estimated annual evaporation rate is 84.41 
inches, most of which would occur during April through October (Stevens 
et al., 1983). Pan evaporation rates were measured at Mexican Hat during 

• 

April through November of 1957 through 1976. The average monthly rates • 
were as follows (Crowell, 1985): 

Apri 1 
May 
June 
July 

9.07 inches 
12.35 inches 
14.49 inches 
15.22 inches 

August 
September 
October 
November 

12.68 inches 
9.48 inches 
5.49 inches 
2.34 inches 

Reportedly, 75 percent of the evaporation at Mexican Hat occurs during 
April through October (DOC, 1968). 

Based on the period 1946 to 1955, the mean annual lake evaporation 
at Mexican Hat is approximately 50 inches (DOC, 1968). 
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Table 0.9.1 Wind speed at Blanding, Utaha 

Average speed Frequencyb 
Direction (miles per hour) (percent) 

N 8.5 5.9 
NNE 8.7 7.4 
NE 8.1 9.1 
ENE 6.2 4.2 
E 5.7 3.5 
ESE 7.6 3.8 
SE 8.0 5.7 
SSE 5.8 5.1 
s 9.4 9.6 
ssw 11.9 7.9 
sw 10.8 8.5 
WSW 11.8 4.1 
w 11.0 5.0 
WNW 9.5 4.0 
NW 10.9 9.4 
NNW _1_& 7.1 

All 9.2 

aoata for the one-year period of March 1, 1977, to February 28, 1978, at 
Blanding, Utah, adapted from NRC, 1979. 

bDoes not total 100 percent because of rounding . 
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Table 0.9.2 Atmospheric stability distribution for the • Farmington, New Mexico, airport 

Frequency 
Stability class Stability description (percent) 

A Extremely unstable 4.68 

B Moderately unstable 8.74 

c Slightly unstable 12.96 

0 Neutral 15.81 

E Slightly stable 12.73 

F Moderately stable 15.08 

Ref. DOE, 1984. 

• 

•• 
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Table 0.9.3 Temperature, precipitation, and pan evaporation data for Mexican Hat, Utaha 

' . ..: 

Annual means 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec or totals 

Normal maximum 43.4 52.9 61.2 71.1 81.6 93.0 98.4 95.2 87.6 74.4 57.8 45.3 71.9 7~ 

temperatureb "1-

Normal minimum 18.9 24.8 30.1 38.4 48.1 57.2 65.2 63.1 52.8 40.1 28.7 20.0 40.7 
temperatureb 

Normal monthly 0.50 0.43 0.38 0.31 0.35 0.19 0.66 0.65 0.54 0.96 0.51 0.61 6.09 
preci pi tat i one 

Average monthly 1.7 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 1.0 3.3 
snowc 

c Estimated pan 0.35 1.10 3.11 7.1511.7114.51 15.55 12.85 9.34 5.69 2.16 0.89 84.41 
I evaporationc ~ 

N ....... 

astation 5582, elevation 4120 feet above sea level; period of record 1951-1980. 
bDegrees Fahrenheit (of). 
cinches 0 

Ref. Stevens et al., 1983. 
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1.0 INTIODUCTION 

•

Thia rac!ioloalc characterization of the inacti~• uranium millsite at Mesican 
Bat, Utah, was conducted by Benc!iz Field Enaineerina Corporation (Beuc!iz) for 
the U.S. Department of Eaer11 (DOE), Graue! 1unctioa Projects Office, •Jn 
response to and in accord with a Statement of lort prepared by the DOB Uranium 
Mill Tailiaas lemec!lal Action Project (UMTBAP) Technical Assistance Contractor, 
1acobs Euaineerina Group, Inc. (1EG). The objecti~e of this project was to 
determine the horizontal and ~ertical eztent of contamination that ezceeds the 
~.s. En~iroaaental Protection Aaency (EPA) staDc!arc!s at the Mezicaa Bat site. 
The 4ata presented in this report are ~equirec! for characterization of the 
areas adjacent to the Mezicaa Bat tailiaas piles and for the subsequent desiaa 
of cleanup acti~ities. Some on-pile sampliaa was required to determine the 
depth of the 15-pCi/a la-226 interface in an area where wind and water erosion 

• 

• 

has taken place. 

An orientation •isit to the site was conducted on 4-8 1une 1984, in conjunction 
with 1acobs Enaiaeerins Group, to determine the approsiaate estent of contam
ination that esceec!s EPA atandarc!s surroundiaa the piles, to establish aurvey 
control points and baselines for later establishment of arid lines, to assess 
drillina requirements, and to aather bactsround radioloaic and aeochemical data 
to be used to determine esposure rates, disequilibrium between radium and its 
radon dauahters, aoisture content in soils, and concentrations of radium, 
thorium, and potassium in aoils. The information &tined from this ~isit was 
used in determiaiaa the scope of wort required for the radioloaic site charac-
terization. 

Fieldwork at Mesican Bat was condncted on 10-24 September 1914. ladio.etric 
aeasurementa, soil aamples, and buildiaa surveys were completed on 20 September 
and drillina was completed on 24 September 1984. 

2.0 BACKG~O'C'ND 

2.1 LOCATION 

The iuacti~e uranium aillsite is located on the Navajo Nation (Indian leserva
tioa) approziaately 1.5 miles southwest of the town of Mezican Bat, Utah (see 
Fiaure 1). The mill housiaa area, now the community of Balchita, is located 
0.5 aile aouthwest of the aillsiu. The aillsite is wi,thla Section 13, Town
ahip 42 South, laaae 18 East, Salt Late Base and Meridian, San 1uan County, 
~tah. 

2.2 GEOLQGIC AND BYD~OLOGIC SETTING 

The Mezican Bat site ia located within the southern Monument Upwarp reaioa of 
the Colorado Plateau. This portion of the north-south eloaaated uplift con
tain• aeveral small plunaina aaticliues. The aillaite ia in the Mezican Bat 
~~~line which is a sharp downfold between the laplee Anticline to the east and 
the Cedar Kesa-fialaaito Anticlines to the weat. The aite is on the aently 
east-dippina (3 to 6 dearees) west ltmb of the ·~cline • 
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Fiaure 1. Locatiou Xap of the Xezicau Hat Site Showiua 
BactaroUD4-Xeaaureaent Location• 
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Sedt.eatary roots of the aillslte area coaaist of fiae-araiaed ailty sandstones 
and ahales of the Balaaito Toaaue, a aember of the Cutler Formation of Pennsyl
•aaian aae. Theae ••ds are a distinctive red to chocolate-brown in color and 
ranae tD thickness froa approxiaately 50 to 100 ft. The aill area and tailinss 
piles are underlain •Y Halaaito redbeds. To the east of the tailiDI\ piles in 
the •ottoas of the aajor arroyos draiaina the site are resistant limestone 
•eds, probably part of the lico Formation (or facies of the Cutler Formation), 
which .-derlie rocta of the Halaaito Toaaue. 

Unlite aany other aillsites, the Mexican Hat aite does not contain a developed 
aoil horizon or allavial cover. Most of the site is located on bedroct or 
weathered •edroct. Accumulations of ~consolidated aaterial areater than 2 ft 
thict are aainly restricted to aan-aade aixtures of bedroct, tailinss, ore, and 
debris. Due to the color contrast between the Halaaito redbeds and contami
nated aaterials (often white to aray), lt is aenerally not difficult to 
identify contaminated aaterials. 

-Surface drainaae at the aillsite is to the east-northeast •ia tributary arroyos 
whicb drain into GypsDa Wash less thau one aile from where it empties into the 
SaD 1uan liver. These arroyos are usually dry, with water flow restricted to 
infrequeut periods of heavy rainfall. 

Due to the fine-araiued nature of the Halaaito sandstones and shales and to the 
arid climate at the aillsite, no asjor near-surface aroundwater aquifers exist. 
The aajor source of doaestic water in the area ia the San 1uan liver. 

2.3 SITE HISTORY 

The aill at lezican Hat was built and operated by·Tezas-Zinc Minerals Corpora
tion froa 1957 to 1963 •. The aill was acquired by the Atlas Corporation in 1963 
aud was operated by them until operations ceased in 1965. A sulfuric acid 
plant continued to operate at the aite until 1970. After the aill closure, 
control of the site reverted to the Navajo Nation. The aite was used for a 
abort period as a trade school (carpentry, weldina, electrical, etc.) operated 
•Y the Utah Trades Commission. Presently the only continuonsly occupied por
tion of the site la the former aill office buildina which is now the Balchita 
He&l th Center. 

Much of the ore procea1ed at the aill came froa the White Canyou district of 
Utah. Thi1 ore contained, alona with uranium, a cons~derable amount of copper 
sulfides froa which copper wa1 also recovered. Brown and others (1974) 
de1cribed the process of recovery as a froth-flotation proce11 followed •Y acid 
leachina. The leached flotation concentrates were filtered to recover a final 
copper product and the filtrate wa1 combined with aaiu-circuit leach alurry 
froa the flotation tailinas. A five-staae counter-current thickener circuit 
waa uaed to separate leached solids and prcanant liquor, which was then clari
fied ••fore solvent extraction. The loaded oraanic solvent was stripped with 
an UIIDoDiu nitrate 'solution, which was then neutralized with aaanilium hydro
side to precipitate the final uranium product. 

The ta.UiDa• were 4htributed to two pUn (referred to as the upper and lower 
pUea) by a cyclone separator which •uUt up the dam• with coarse. sand and 
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allowed the aliaea to flow toward the ceater aad southwestern portioaa of the 
piles. 

ne aill proceued a total of 2.2 alllioa toaa of ore which auayed at aa 
aTeraae of 0.28 perceat Va0 1 aad produced 5700 tons of U1 01 coaceatrate for 
aale to the V.S. Atoalc laer17 co .. iaaion. 

2.4 PREylOUS WOI[ 

Prior to the start of fidclwort for thh characterhatloa project, a thoroup 
literature aearch waa perforaed to identify published lafor.aatioa pertainina 
to reaedial action at the Kezican Bat aite. ne results of this aearch are 
presented lathe biblloaraphJ at the ead of this report (Section 7.0). 

PreTloia studies at Kezican Bat iaclade the followiaa: an ea.iroaaental survey 
of the uraaia aill 'tailiaas piles at Kezicaa Bat by the U.S. lll"t'iro1111ental 
Protectioa Aaea~ coaducted in lay 1968; a oooperati•e site Tiait to assess 
lite coadltioaa by the V.S. Atoaic laerrr eo .. tasioa, Ea•lroDaeatal Protectioa 
Aaea~, aad the State of Vtah ia lay 1974; an eaaiaeeriaa aaaeaaaeat of the 
site by Ford, Bacoa aad DaTil Vtah, Inc • .ader contract to the V.S. laerJY 
leaearch aad De•elopaeat Ad.lalatratioa Ia 1974; a radioloaic iapact asaesaaent 
of the site by Oat lidae Natioaal Laboratory for the U.S. Departaent of laeraY 
!~\Karch 1980; and aa aerial radioloaic survey of the area aurro1aadiaa the site 
by EG&G laerJY leasureaeat Group for the U.S. Departaeat of laerJY Office of 
Operatioaal Safety ia September 1980. 

2 .5 SITE CQNDITIQNS 

The reaaina of eiaht aill bulldiaas ezist at the site. Of the eiaht buildiaas 
oaly two are still Ia use. The foraer aill office bulldiaa has beea coDVerted 
to a health ceater aad Ia la 1ood coaditloa. A aetal buildiaa oace used as a 
chemistry lab aad later as a sheet aetal ahop Ia aow used for atoraae and 
reaaiaa looted. The loaa buildiaa oace used for a trade school Ia abaadoued 
but appears to coatain a larae aaouat of aal•aaeable aaterials. An eapty aetal 
atoraae abed, i• aood coaditioa, also appeara to be aal•aaeable. Other build
l•a• lacludiaa the scale house, ore-crushiaa buildiaa. aad aeaerator buildina 
are either coataaiaated or do aot lead theasel•e• to aal•aae • 

... 

Other reaalaa of the allllaa operatioaa laclade fouadatloaa of buildlaas that 
haTe beea reao.ed, taata aaed for holdin1 crushed ore, taata .. ed Ia the 
aanufacture of aulfuric acid, aad aiaoellaneoua burled jamt aaterlala. A 
aewaae poad, water llae, aad electrical traaaforaer are also preaeat aad Ia use 
at the site. 

The talli•a• piles, althoup crusted, are aot co.ered or stabilized aad access 
to the piles, aa well aa the eatlre alte, Ia aot restricted. Both wiad and 
water eroaioa ha•e occurred o• the piles. The piles occupy a .. tural draiaaae 
are• aud althouah berms aad ditea were built to reduce the aaouat of tailinas 
belaa washed or blora off of the piles, arroyos downatreaa froa the pile 
coataia taill•a• for a coasiderable distaace. The pre•aillaa wiad direction 

• 

• 

and draiaaae directioa are both to the aortheaat. Therefore a• area aurrouad- • 
laa the aortheaat ooraer of the lower pile ooataiaa both •Iaible wladblara aad 



• 

• 

• 

water-transported tailinas contamination. Outward froa the pile to the east 
and northeast, oontaaination is confined to a thin Caenerally less than 1-in. 
thick) blanket of windblown tailinas over a broad area and to scattered sand 
bars Caenerally less than 1-ft thick) containina tailinas, located alona the 
bottoas of arroyos drainina the pile area. •• 

~ to the •ariable topoarapby at the aite (rollin& hills, narrow ridaes, and 
deep arroyos), auch of the acceas to aamplina. aeasureaent, and drillina sites 
was accoaplished by the use of three-wheeled, all-terrain cycles CATCs). A 
portion of the drillin& at the site was accomplished usina a portable hand-held 
aaa-powered auaer. 

3.0 FROC[PURES 

The aeaiurement techniques, instrumentation, and procedures used for the Mexican 
Bat radioloaic characterization were baaed primarily on protocols developed by 
the DOE Division of Remedial Action Projects (DRAP) Technical Measurements 
Center (TMC) and on field-implementation experience aained durina radioloaic 
characterizations of other ~MTBAP sites (Allen, Showalter, and others, 1983; 
Allen, Steele, and others, 1983; Allen and Strona, 1984; Marutzty and others, 
1983; Shay and others, 1984; Shay and luah, 1984; and Goodtniaht and Walter, 
1984). 

All activities at or in support of the project were performed i~ compliance 
with the provisions aet forth in an approved Quality Assurance Proaram Plan 
(QAPP). To ensure the health and safety of personnel assianed to the project, 
a comprehensive health and safety plan was followed durin& the fieldwork phase 
of the project. This plan included monitorins of external radiolosic exposure, 
potential for internal radioloaic exposure (i.e., inhalation of airborne 
radioactive dust), personnel contamination, site access, and equipaent con
taaination. 

For purposes of this study, radiometric aeasureaents aade indirectly by aea
aurement of radiation from sources other than the decay of the nuclide of 
iDtereat are reported as 'equivalent' concentrations, denoted by an 'e' prefix, 
e.a •• pCi(eRa-22£)/a. Similarly, 'e' is used to report equivalent elemental 
concentrations (e.a •• el, eTh) calculated from the natural abundance of the 
nuclide (I-40 for ei) or a dauahter in equilibrium with the parent (Tl-208 for 
eTh). Equivalent concentration is that concentration bf nuclide/element of 
interest in equilibrium with ita dauahter products that yields the aame mea
surement as the sample. 

All inatr .. enta used for radioloaic characterization were calibrated at the DOE 
calibration facilities in Grand 1unction, Colorado, both before and after the 
fieldwork aeaaion. Instrument-response field checks were made before use each 
day, and the results were monitored for compliance with quality-control limits 
established on the statistical basis of previous response checks. The methods 
uaed for instr .. ent-response field checks are described in Appendiz A • 
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3.1 *BFA P!SIQNA;IONS 

The MezlcaD Bat lite wa1 divided into 1iz areaa (Areaa A throelb F, Plate 1) aa • 
deacribed in the Statnent of lort, delineated on the baah of differlna co.-
taalnatlon patteraa. Theae areaa are the followlna: (A) windblown contaaiaa-
tlon north, northeaat, and eaat of the taillnaa pllea and arroyoa contalniDI 
~th wind- aDd water-tranaported contaainatioa; (B) windblown contaaiaation 
1outh of the pilea; (C) alll yard and ore-atoraae area; ·(D) ponda au contaai-
aated arroyo la the aorthweat portion of the alte; and (E) and (F) wind and 
water eroalon adjacent to retalnina ditea rlnaina the upper and lower tailiDJS 
pilei reapectively. The type and aaount of wort reqeired to oharacteriae each 
area are dlacua1ed later la thia report. 

3 .2 ms ICAL SIJIVEY 

The phyaical aurvey waa conducted by a Bendiz 1urveyor aslaa a Theodolite and 
Geodiaeter to eatabliah baselines fro. horizontal control atatlona aa lhOYD on 
the Borhontal and Vertical Control aap aupplied by 1acobs EnaiateriDJ Groep. 
The aillaite at Mezican Bat differed froa previoua lites la that the property 
•o'llDdary linea coincide with the baaelines 'llled to establish the arid .. twort. 
A dhtance check waa aade l»etween bo'llDdary poiatl before l»aaelinea were eatab
lhhed. 

Once the baselines were eatabliahed, 1everal auziliary linea were established 
with the lnatraenta at ript analu to the baaellua to aid in ariddiaa the 
different areas. All other aridpointa were aet by steel tape aad line of 1i1ht 
fra. established pointa. These aridpointa were located to the aeareat 0.5 ft • 

The borehole locations la Areas C and D were ataked in the aaae aaaner a1 the 
aridpointa, aaina ateel tape and eziatiDJ points aa line of aiJht. The bore
holes located ia Areas E and F were 1tated at approztmate locations baaed on 
the wort statement aaaple-deaian aap provided l»y 1acoba Enaineeriaa Groep. 
Many of the plaDDed borehole• were aoved to locations of easier access. After 
drillina, all holea la Areas E aad F were surveyed from eziatiDJ coatrol 
atationa. Elevations of all l»oreholea were eatabliahed by differential level
iaa betweea control atationa. 

Many of these holea were aoved aad rea~ated l»y the Bendiz Site Manaaer and the 
Techaical Asaiatance Contractor to aore acceasible locations or to location• 
that would yield the beat aubavface laforaation (I •I•, •oreholea lat-124, Bat-
125, aad Bat-158 la Azea A). 

3 .3 10n. WQ'LING AND PELTA-GAMMA IAPitJII JIEAStJBEMENIS AT GRIDPODrrS 

A total of 145 arldpolnta were eatabliahed ia Areas A throuaJL D for soil 
aaaplea aad delta-aamaa aeaaveaents. Each arid poiat had a 0-to-6-la. aoil 
aaaple taken for laboratory a~a-ray apectroacopic aaalyaia. Delta-aa.aa 
aeaaureaents were aade at a depth of 6 la. at apecified aridpolats for field 
auldance ia 1aaplina. The parpoae of the 0-to-6-la. aoll aaaple was to deter
alae the eztent of aarface oontaainatlon ezceediDI the EPA atandard of 5 pCi/J 
la-226 above l»actaro'llDd. Subaequent sebaurface delta-aaaaa Deaaureaenta and 
soil aaaples were taken to defiae areaa where the EPA standard of 15 pCl/a Ia-

• 
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226 waa exceeded. The lialer llait o~ly applies to areas tlat will '' exca
•ated a~d tle~ '•ctfilled; the lower limit aust '' applied to areas that aay be 

• 
excavated 'ut are ~ot '•ctfilled witl at least 15 em of soil. The procedure 

· •sed for aridpoiuts l~ Areas A and B was (1) a 0-to-6-i~. aoil sample tateu at 
eicb aridpoi~t. (2) a 6-iu. delta-a~• measurement taken at one lal( of tbe 
aridpoi~ts, and (3) a 6-to-12-iu. soil aample wbere a 6-iu. delta-a~• 

• 

• 

aeasureaent indicates la-226 activity areater than 5 pCi/a. followed by a 12-
lu. delta-a~• aeasureaeut. This alternatiua procedure waa continued .util 
tle delta aeasnreae~t indicated leas thaD 5 pCi/a or .util an 18-to-24-in. soil 
aaaple waa tateu. Iu Areas C and D at every apecified aridpoi~t this alterna
tl~a aoil sample/delta-a~• aeasureae~t protocol waa also used. 

3.3.1 Soil Saaplip1 

Several ateps were tate~ to euaure the i~tearity of tbe soil samples duriua the 
aoil-sampli~a procesa. The samples were excavated uaina specially co~structed 
alovels-desia~ed to produce saaplea of equal size. Care was taken to collect a 
•niform vertical croaa aect~ou of the 6-in. layer sampled. Care was also taken 
to clean the sample-aatberin& equipment to prevent cross-contaminatio~. Sample 
ticte.t 'oots with the prefix MBD were used for samples collected in the field 
durin& this project. Pertinent iuforaatiou such as sample type, arid locatio~. 
aample depth, project code, sampler's name, a~d soil conditions were placed ou 
each sample ticket. A paper record of the aaaple-ticket ~amber was placed 
inside the plastic ''' boldina the sample and the top of the bas was then 
folded twice •~d stapled abut to retain moisture. Ualua a permanent iat 
marker, the sample number, location, and depth were written o~ .the plastic bag. 
The plastic 'aa was theu placed in a duck-cloth baa which was also labeled with 
the aaaple uaaber and depth. The samples were then boxed and returned to Grand 
1~ctiou for aualysia by the Bendix Analytical Chemistry Laboratory. 

Followiua t~anspor~ to Grand 1uuction, the aoil samples were weiahed, dried, 
reweiabed, crushed and around to -28 mesh, blended, and sealed iu sample cans. 
The difference in weiJht after dryina, or loss on dryina (LOD), in percent, was 
recorded for about 10 percent of the samples submitted for analysis. These 
values were used later to calculate aoisture correction factors. The aamples 
were stored for at least 21 days to allow the radon and radon daughters to 
reach equilibrium with auy radium present. The samples were analyzed for 
radium, potassium, and thorium usiua biab-resolutiou aeraaniua aaaaa-ray spec
troscopy systems. The systems were calibrated aaainst the New Bruurwict 
Laboratory (NBL) Series 100-A certified aamma-ray standards. All samples were 
positioned on a detector by means of au automatic aampJe cbanaer·to maintain 
consistent sample/detector aeometry. The laboratory procedures used are 
described l~ detail in the Handbook of Analytical and Sample-Preparation 
Methods (Bendix Field Enaineeriu& Corporation, 1984c). 

Aaplifier aaiu and '•••line were manually elected daily, ••ina a Th-232 source. 
TWo tuowu control samples were analyzed eacb day; acceptance of the A&ta set 
thus aeuerated required that at least one co~trol be within one standard 
deviation a~d tlat both controls be within two standard deviations of the 
atatistlcally established individual rauaea. In addition to analysis of tuowu 
controls, 10 percent of the blended samples were split and aualy~ed for radium 
co~centration 11 blind d•pllcatea. The d•plicates are identified with au HBG 
aaaple prefis • 
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J .3 .2 Pelta=§ ... a ladha leu•nae1ltt 

Ja-altl! aeat1lreat1ltl ·"f eql!ivale1lt nc!la at aridpoi1lta were aa4e ui1ll a 
le1ldiz delta-a ... • ayatea oo1lt&i1li1ll 11lttr1lal oollt.atlo1l &1ld preflltera. The 
le1ldiz ayatea waa operated 01l coaati1ll plat••• ui11 a delta (dlffereaoe) 
techalque. The detector waa placed oa the aarface to be aaaayed aa4 aa UP 
OOl!Dt waa collected for 120 aecoada; a hiah-deaaity ahield was thea placed 
betwee1l the detector aad the 11rface beiaa attayed aad a DOWN oo~at of 120 
eeooads was collected. The UP/DOwN ool!Dter al!toaatically·reaittered the 
dlffertace or delta OOIAt. 

the etatlttical •alidity of the delta-iaaaa aeatl!reaeata w11 aoaitored Ia the 
field by takiaa two or aore aets of aeaa~reaeata at each locatioa. The proce
d1lrea 1aed Ia 4eteraiaiaa the atatiatical validity of the aeaa•reaeats aad for 
data redl!ctioa are deacribed Ia Sectloa 6.3 of the ladiolo1ic Field Keaa•re
aeata Proced1rea Kaa1al (le1ldiz Field Baaiaeeri1ll Corporatioa, 1984&). The 
aeaa of the oo1!1lt aets waa deter.iaed arithaetioally, aad the ataadard devia
tioa of each col!Dt aet waa oalc•lated 1lti1ll the eqa&tioa 

(1) 

where e Ia the ataadard deviatioa aad where N aad Nd are the 1!Bthielde4 (UP) 
aroaa col!Dtl &1ld the ahielded (DOWN) differeafe or delta co1ata, respectively. 
A ltatiatical check was aade to deteraiae if the aecoad aet of .aeaaureaeata was 
withia 2~ of the flrtt. If aot, a third tet of aeaa1reaeatt wat aade. The 
data were •~•d aad e waa eale•late4 for the total aeaa1reae1t. A check waa 
aade to deterai1le whether e Ia lets tha1l 15 perceat of the differe1ce co1at 
•tl1ll the eqa&tioa 

(2) 

where Ud is the perceat .acert&i1ltJ of the differeace OOIDt. If thia eriteri01l 
oolld 1ot be aet after three 12o-aeco1d aeaaureaeata, the data were flaaaed as 
beiaa aeaiq~&atitative. 

A cal !bra Uo1 factor &1ld three aaj or corre cti01lt were appl led to the raw del u
aamma readiaaa to obtaia radiaa coace1ltratioaa l1l picoCiriea of eq1ivale1lt 
radiua per araa [pCi(ela-226)/al. Calibratioa of the ~aatruae1t1 was perforaed 
at :the Departae1lt of E1err.r (DOE) Walker Pield oalibratioa pada Ia Graad 
Zl!Dctio1l, Colorado. The atripplaa factors 1eceaaary to oalCJ!late raw 
eq•ivale1lt-radiaa oo1lce1ltratioas froa the delta-a..aa readi111 were obtai1ed 
froa the calibratioa data. 

A oorrectio1l for coatribltio1lt froa radioeleaeats other thaa la-226 was aade 
to co.peasate for the fact that the raw data collected i1l the delta-a~• aea
a.reae1ltl are tle retllt of all , ... , ndiatioa reachiaa the detector. The 
oorrectio1l factor ased Ia the field waa derived fraa potaaaiua aad thori .. 
eo1lceatratioas 4eteraiaed froa ia-titl , ... a-ray-apectroaeter aeaaure•eats 
a1d laboratory aa.aa-ray-tpectrosoopic aaalyaia of aoil aaaplet obtai1ed d1ria1 
the orieatatioa viait to the aite. The correctio1l factor ued i1l thia report 

• 

• 

waa obt&i1led froa a~a-ray-apectroacopic a1lalyaia of aoll aaaplea collected • 
4ari1ll the fleidwork phaae of the project. 
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A oorrectioD factor was also applied for soll-aoisture oontent since aoil 
aolstare reduces the total aamma-ray flax at the aarface and becauae concentra-

•
' tiona arei co4119~1ltio~a11 1yb based on dry sample wei( aht. This correction factor 

was obta ne taroaaa a oratory loas-on-c!ryina LOD) aeaaureaents perforaec! on 
selected aoil samplu taken dariDa the fieldwork phaae of the project. Due to 
the 18al1 Tariability in aoil oonc!ltiona at the site, an a•eraae soil-aoistare 

• 

• 

Talae, ··toaether with the aohtare-conteat Talaea for the calibration pads, was 
•o119erted to a ainale correction factor to bi applied to all of the delta-aamma 
aeasueaents. 

A 4iseqailibrl~ factor was applied to the data to oorrect for the diaequil
ibrium between radium and its aamma-emittin& dauahter proc!ucta. This diaeqail
ibriam is due to loss of radon aaa, radium's first clauahter, from the aoil. 
ID-situ delta-a~• aeaaureaents include theae aamma-ray-emittina radon dauah
ters. When the correction for radon loss is applied, the apparent concentra-

. tioD of radium aeasurec! in situ increaaea. The disequilibrium factor was 
4eri•ec!·from laboratory analysis of selected soil samples. -Equi•alent-rac!iam 
concentrations were aeasurec! at 2 to 12 hours after cannina. and aaain after 6 
days.· lstiaatea of the radon disequilibrium ratio were aac!e by calculatins the 
radium concentration at disequilibrium and at equilibrium, aaina the standard 
equations for inarowth and decay of the •arioas isotopes in•ol•ed (Marut&ty and 
others, 1984; Scott aDd Dodd, 1960). 

3.4 ARROYO DELTA-GAMMA MEASUREMENTS 

To semiquantitati•ely characterize the eztent of contamination in arroyos 
drainina the site ia.Areas A and D, delta-aamma aeasurements were aac!e at 200-
ft intervals until tKree saccesai•e surface c!elta-a&mma aeasurements indicated 
radium concentrations less than 5 pCi/a or until physical access became imposs
ible. 

Startina at surveyed aric!points established durin& the physical survey, a 
IOU.ATAPE bicycle wheel distance-.easuriDs device was used to establish delta
a&mma aeasurement locations at approzimately 200-ft intervals alona the bottoms 
of the arroyos. 

At tach location a surface delta-a&mma measurement was aade. Where surface 
aeasurements indicated la-226 concentrations areater than 5 pCi/a. an addi
tional aeasureaent was aac!e at a depth of 6 ln. This procedure was followed 
.ntil (1) a aeasarement iadicated la-226 concentration• were leas than 5 pCi/a. 
(2) a aeasarement waa aade at a depth of 18 la. or (3) competent bedrock was 
reached. 

the same atatiatical checks and corrections that were applied to delta-a~• 
aeasureaenta at arid points (cf. Section 3.3.2) were used for •eaanreaents 
taken in the arroyos. No soil samples were taken in the arroyos with the 
ezception of aarveyed arid points used 11 startina points for the a~royo delta
aamma laney • 
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3.5 IOIEIIOL! SA.)!JILING. PIP' IHG. AND LOGGING 

3 .5 .1 Sppli111 

Por each borehole locatio1l, a O-to-f-l1l. a.rface aoll aaaple waa take1l prior 
to drllli1la. the aaaplea were oollocted l1l the aaae aanner as those at arid 
poi1lts described 11l Sectioa 3.3.1. No farther aabsarface aaapliaa was reqaired 
at borehole 1ooati01ll for thia ata4y. 

3 .5 .2 Drill"' 

Borehole drllliaa waa acooapliahed, .. taa ataadard aeotech1lica1 techaiqaes, 
with a CME 550 aaaer ria where access peraittod. lollow-atea aaaers (6-5/8 ia. 
O.D. by 3-1/4 Ia. I.D.) were ... d to drill to total depth la each hole. Aaaers 
were loft i1l place i1l the hole dari1ll radia.etric loaaiaa operatioas to pr .. oat 
hole o~llapse aad to al1liabe Deariaa of aJrJ dowuole ooataaiutio1l. A 
retri .. able ceater bit was ased for drilliaa to •~old coDtaaiutio1l withia the 
aaaer itself; tho ooater bit was reao.ed for radioaetric loaaiaa. The driller 
fazaished three aaaer heads ao that two holes coald be left opea for aeophys
ical loa&i1lJ while the third hole was beiaa drilled. 

The boreholes were drilled to either the total ostiaated depth as apecified la 
the Stateaeat of Wort or aatil the driller reached a poiat of refusal (stopped 
dowuward peaetratioa) due to coDditioDs sach as shallow bedrock, baried coD
crete, larae rocks, or other aaterial that would atop peaetrat~oa. 

Borehole loca.tioas which were iaacceuible by a tnct-outed aaaer ria were 
drilled aslaa a portable aas-powered 'Little Beaver' drill with a 4-ia.
diaaeter aaaer. The boreholes ~ere drilled.aad thea ~ediately loaaed with 
the aaaer reaoved.· Equipaeat traasport· to these holes was accoaplished aaiaa 
throe-wheeled ~Cs. 

011ce aeophysical louisa operatioas were coapleted, hole abaadouaeat was accoa
plished by fillia& the hole with auaer cuttiDJI or with other Dearby aatural 
aaterial fouad 011 the aroaad aurface. Boles that esceeded 8 ft or aore 111 
depth a11d that eacouatered arouadwater were filled with a beDtoaite sl.rry 
haviaa at least a 55-secoad ~iscosity. 

A Beadis drilli1ll supe~isor aoaitored the drllliaa operatio1ls a11d aai1ltaiaed a 
record of footaae drilled aad aaterlals used. The drilliaa aupe~lsor also 
chocked the aaaers •. a1ld drill biu for co1ltaaiutioa atter rnO.al fr• each 
borehole, ••l•a aa Bberliae PAC-6 Alpha Meter. Tools aeasuri111 areater tha1l 
200 coants per alaute (cpa) were clea11ed to reaove the appare1lt aoazco of 
eoDtaalutioa. The tools were the1l rechecked aad recleaaed if aecessary, aatil 
aeasazeaeats were leas thaa 60 cpa. 

3.5.3 Geophysical 1oaaipa 

Borehole• aocesaible by two-wheel-drive truck a11d that wore at least 5 feet l1l 
depth were loaaed ••i•a a Be11diz ooaputer-based aeophysical-borehole-loaaias 
(Coapaloaaer) aystea. The probe, which co11taiaa a 2-ta.-diaaeter-by f-ia.-loDI 
aodha iodide detector, was raised froa the bottoa to the top of the borehole 
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at aD approzt.ate rate of 1.5 ft per ainute; data were recorded at each 0.5-ft 
interval. lepeat·loaa were aade of the entire borehole to confirm the aeaaure
aenta obtained duriD& the aaiu loaaiua phase • 

The aamaa-ray detection system was operated in a linear (eueray-propcrtioual) 
aode. Ophole electronics provided ayatem-aain stabilization by aouitoriua the 
135-teV J&mma-ray peat from a aaDaaneae-54 source contained in the probe. 
Pulae-heiaht data were collected from aiuale-chanuel-analyzer (SCA) windows cor
reapoudina to the principal euerJY peats from the decays of potassium, radium, 
and thorium. Data from a fourth SCA window, the total-count window (1050 to 
3000 keV), were collected to provide statistically iaproved radium 
CODCeDtrstions. 

After returniD& to Grand 1UDction, the data from the Bendiz computer-baaed 
lossiua system were electronically transferred from a Dine-track tape on the 
CDC-815 computer to a disk on the Zenith Z-100 portable computer and verified 
accordina to approved quality-assurance procedures. Data from the total count 
channel were corrected to reflect au averaae subsurface aoisture content of 6.3 
percent• 

Data from the total-count channel were also corrected for aamma-ray attenuation 
caused by the auaer caaiua and auaer joints. The correction factor was deter
ained in the calibration aodela at Grand 1unctiou, uaiua aectious of casiua 
id~utical to the casiDB used at the field site. This factor is an equation 
which corrects all counts to the observed count rate iu the constant-thickness 
caaina. At positions far from the auaer joint, the function has a value of 
1.0, but as the depth aeasured approaches the center of the joint, the value of 
the correction factor increases to a aazimum value. Three coefficients deter
aine the correctiou,·one for the aazimum value at the ceater, one for the 
distance from the center at which the correction reaches one-half of the aazi
aum, and one which controls the speed at which the exponential curves approach 
the aazimum and aiuimum values. 

The depth of auaer joints was determined by aeaaurins the heiaht of the auger 
above the arouad surface for each borehole. Since the total auaer lenath was 
lnowu, the depth of the auaer joints could be calcalated. The auser joint 
correction was applied once the joint depth was known. 

The data were then spatially deconvolved (Georae and Price, 1982) to produce 
loaa of apparent-radium conceatration versus depth. Corrections were applied 
for contributions froa potaasiam and thorium. Contributions from potassium and 
thorium to the apparent radiaa analysis for the truck~ounted system are 1 
pCi(ela-226)/a for 1 percent potaaaium and 0.133 pCi(eRa-226)/a for.1 ppm 
thoriua-232, respectively. The averaae concentrations of potassium and tho
rium, baaed on soil samples taken at the site, are 1.3 percent and 6.6 ppm, 
respectively. 

In those areas uot accessible by two-wheel drive truck or at shallow boreholes 
leas than 5 feet iu depth, loaain& was performed uaiua a portable aroas-couut 
system. This system consists of an Eberline Model PIS-1 field survey aeter 
(RASCAL) connected by 20 ft of cable to a waterproof Eberliue Model SPA-3, 
2-iu.-by-2-in. aodiSD iodide detector. The systea la operated on countina 
plateau in a areas-count aode, which counts all aamaa rays whose eueraies 
ezceed approzimately 30 keV. 
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the probe was aaaaally lowered to the bottoa of the \orthole la f-la. lacre-
. aesats, with 30-... cosad aeuueaesau recorded aaa•ally at each step. The data 

aeas•reaesats recorded while lowerisaa the detector were ideatifltd as 'Phase 1'. • 
The probe was thesa raised to the top of the borehole la 6-la. iacreaesats, with 
3o-secoad aeassareaeats aaaia recorded at each atep. Data recorded while the 
detector was belaa raiatd were ideatifled aa 'Phase 2'. 

lOst of the data were aaaaally eatered lato the data baae of a Ztaith Z-100 
portable ooap•ter aad verified la the field accordiaa to approved q1lllity
••••raace proced•res. Data takea duiaa the laat two days of fieldwork were 
eatered aad verified .,oa ret1lraiaa to Graad 1aactioa. The data weri thea 
corrected for averaae aoiat.re coateat.aad for aamaa-ray atteaaatioa e&1lstd by 
the a•aer-stea caaiaa. as described for the tr•ck-aoaated loaaiaa aystea. 
Theae data were alao corrected for a•aer-joiat effects. 

the bo~ehole-loaaiaa w,rsteaa were field-checked prior to loaaiaa each day, 
aalaa a apecial aoaazlte aaad for the track-ao1l1lted syatea aad a radi .. chect 
aouce for the portable systea. Tbe res1lltiaa data were recorded aad coapared 
with pr~Ylo•s field-chect data aad with the two-ataadard-deviatioa llaita for 
qaality coatrol. lepeat loaaiaa phases were r1lD for each hole aad the res1llts 
of both the aala aad repeat phases were chected for aareeaeat. A4ditioaal 
repeat loa• were collected where disaareeae•ts la the data were observed. Yhea 
possible, the appareat ca111e of the disaareeaeat was aoted. 

The loaalaa systeas were calibrated, both before aad after the .fieldwort, asias 
the. DOE borehole-calibratioa aodels at Graad 11l1lctioa, Colorado, aad with the 
ooap11ter proaraa LOGCAL (Showalter aad others, 1t84). Pre-fieldwork calibra-
tloa was perforaed to process the data, while post-fieldwork calibratioa per- • 
altttd de tectioa of aay •t•ipaeat aalfuctioas. Tbe res•l tiaa 4a.ta were thea 
archived la a peraaaeat calibratioa data base. 

3.6 IUD..DOO SURVEYS AND QASVJEH!NTS 

3.6.1 lzpospre-late Meas•rraepts 

TWo ladoor ezposue-rate aeas•reaeats were aade at the saae locatioa la the 
approz~ate ceater of each b•ildlaa •siaa a le•ter-Stotes Model ISS-111 

· Preu.rbed Ioabatioa Chaaber (PIC). Tbh ialtrDeat, widely ... d for ezpo
••r• rate aeasueaeats, prod•ces a aearly flat respoase to aa.aa rays raaaiaa 
la·eaerJ7 froa 100 teV to J MeV aad la alao 4eslaaed to respoad llaearly ia 
, .... fields ap to 100 al/h. · 

A dally iastruaeat chect was aade 1ltiaa a 1-pCi radi .. check ao.rce placed ia 
the aouce-holdiaa fizt.re at the top of the loa chaaber. First, with the 
ao.rce reaoved, a bactaro1l1ld readiaa was obtaiaed •siaa a Beadiz-aodifitd 
reado•t to deteraiae the averaae ezpos.re rate over a tlae iaterval of tO 
atooada. Pollowiaa the backaroaad ezposue-rate 4eteraiaatioa, the 1-pCi 
aosarce waa placed la the souct JLolder aad tlle aaae procedue waa •ud to 
4tteralae the averaae ezpos.re rate. The bactaro1l1ld ezpos•re rate was •••
tracted from tJLe aecoad ezpos.re rate to 4eteraiae aet ezposue rate froa tJLe 
source. TJLe rea1lltiaa val111 was recorded aa4 ehected for caapllaace with 
q•ality-coatrol llaita. To aoaitor PIC perforaaace at JLiaJLer tzpossare-rate 
levela, tlle procedure waa repeated aaiaa a lo-pCi check aouce. 
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TWo ezposure-rate aeasureaents were taken at tle approziaate center of eacl 
buildiua at a heiJht of 3 feet uaina a countina time of 180 aecouds (3 ai
autes). Tho ezposure-rate readinas in ~/l were tlen entered into a field data 
boot. 

3.6.2 Alpha Measureaeuts 
• . 

Aa Eberline Air Proportional Alpha Detector was used to obtain &rosa-alpha 
aeaaureaents inside the lite buildiuaa. These measurements, recorded in counts 
per ainute (cpm), were aade to determine surface coutaaination levels. The 
overall objective of tle aeasureaents was to determine the eztent of.decon
taainatiou aeeded in the buildinas. 

A daily instrument-response check was aade uaina a set of plutonium check 
1ourcea. The detector was placed over the source and a readiua was recorded. 
The detector was rotated 180 deareea and a 1econd readina was recorded. The 
two readiuas were averaaed and the result was checked to determine if the 
reac!ill& was within 1«1 of the value ( b cpa) Ita ted on the reference check 
1ource. If the readinas were aot within 2«1, the procedure was repeated. 

If the 1econd test failed, the instrument was taaaod 'DO NOT nSE' and returned 
to Grand Iunction for repair. 

TWo alpha measurements were aade at each delineated location within the aban
doned buildiuas. Four aeasurement locations were delineated for every 1000 
1quare feet of floor space, with a minimum of four locations p~r buildinz. The 
first readina was a direct surface readina. Tbe location was then wiped or 
brushed clean and a second reac!ina was taken. A aarled decrease in count rate 
provided an. indication that the contamination h naovable. For the two build
inas still in use, tle Balchita lealth Center and the locked storaae buildiDJ, 
both direct readiuas and smears were collected. Tbe smears were taken at the 
same toea tiou as the direct reacHna. Tbe aaears were counted us iDs a Ludlum 
Model 2000 Scaler with a Ludlum Model ~3-17 detector for a period of 3 aiuutes. 
A sketch of each bulldin& ahowiua the approziaate alpha-aeasuremeut location 
was provided with the data. 

3 • 7 BACIGBOUNJ) MEASUREMENTS 

The four areas 1elected for backaround aeasurements aear the site include an 
area approziaately 3 ailes aortheast of the site aear ~be Mezican Bat Bock, au 
area 5 ailes to the 10uth, au area 2 aile a to the west-southwest, and an area 
0.5 aile to the east. The backaround site to the east was located just west of 
Gypsum Wash, Iince there are no access roads across Gypsum Wash to allow 
establishment of a bactaround site at least 3 miles east of tle site. Three 
aile• to the east of the site is the crest of the Baplee Anticline which ia in 
a different aeoloaic aettiaa. · All of tle backaroud sites were located in 
silty sandstones and shales of the Balaaito Tonaue of tle Cutler Formation, 
aiailar to the Jeoloa!c settina at the aillsite. 

At each bactaround site, PIC aaama ezposure-rate aeaauremeuts, delta-aamma 
aeasureaents, and soil samples were taken. Soil samples taken durin& the 
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orleatatloa vlalt were aaalyaed for la-226. Th. E. aad aolat~e (LOD). Oae 
a .. ple waa aaalyzed for D-234. D-238. aad Tl-230. Soil , .. plea take• at back
aroud aitea duriDJ the 'fieldwork phase were aaalyzed for la-226. Th, aad I. 

4.0 IESVLTS 

Data obtalaed clurlDJ the fieldwork phase of the project are preaeated ia 
Appeadicea I throuJh G. Diaouaaioa of the realllta of each taak perfoEaed both 
cluriaa aa4 after flelnork ll pre aeated la aultaequat aectloaa of tllh report. 

4 .1 PBYS I CAL-SPIVEY IE51JLD 

Before lltabliahiDJ the baaellaea 1l8e4 iD ariddiDJ the lite. the Theodolite aDd 
GeodU.eter were aet up over two aeparate braaa-capped ooatrol poiata, aad the 
4iataace betweea the two poiata waa aeaaured. The aeaaured 4iataace waa co.
pared to the calclllated 4iataace aad reaulta iadicated that the differeace 
betweea the aeaaured aad the calculated 4iataaoea was laaiaaificaat (leaa thaa 
0.30 ft). PollowlDJ thia check. the baaeliaea were established. 

Froa the baaeliaea, aeveral aaziliar,y llaea were eatabliahed with the 
Theodolite aad Geodiaeter at riaht aaalea to the baaeliua. Pro. tlleae liaea, 
aridpoiata were aet by tape aad liae of alJILt. A total of 145 lrldpoiata for 
aaapliaa aad aeaaureaeata were eatabliahed. 

Borehole• la Areas C aad D were located uaiaa a ateel tape aad eziatiaa poiata 
aa:liae of aiaht prior to drilli•l· Several borehole• ia Areaa C aad D were 
aoved by the Beadiz Site Maaaaer to avoid powerliaea, coacrete follBdatioaa, 
surface bedrock, or other obatractioaa. Tbeae holes were uaually aoved oaly a 
few feet uaiaa a aeaauriDJ tape aad liae of aiaht. Boreholes Ia Areas E aad F 
were staked at approzblate locatio••• baaed oa the aaaple deals• aap provided 
by 1acoba laaiaeerlaa Group. Maay of these holes were aoved aad restated by 
the Beadiz Site •aaaaer aad the Techaical Aaaiataace Coatractor to aore accea
aible locatioaa or to locatioaa that would yield the beat subsurface iaforaa
tloa. After drilli•l• all holes Ia Areas E aad F were aurveyed fraa eziatiaa 
ooatrol statioaa to the aeareat 0.5 ft. 

llevatioaa of all borehole• were eatablialled by diffar .. tial levell•a batweaa 
ooatrol ataUoaa •. · I• the aUl yard aad ore-atoraae area, trneraea were aade 
fraa Statio• S to Statio• 1 to Statio• 6 aad back to Statio• s. aad froa 
Statio• 1 to Statio• I. The cllffereaoaa la elevatioa aurvey cloaures aoted at 
Statloas 7, '· aa4 S were -o.04. -o.01. aad 0.03 ft. respectively. aad the 
cllfferaaoe la elavatloa aoted at Statloa I was -o.03 ft. Aro1LB4 the spper 
taili•a• pile a traverse was aade froa Statio• 3 to Statio• 1 aad back to 
Statio• 3. No cliffereaoe ia elevatloa cloa~e was aoted wltllia this traverse. 
Aroaad the lower taillaaa pile a traverse was aade froa Statio• 2 to Statioa 1 
to Statio• 3 aad back to Statio• 2. The cllffereacea ia elevaUoa eloaurea 
aoted at Statioaa 7, 3, aad 2 were -o.11. +0.01. aad +0.10 ft. respectively. 
The overall closure clifferaace aoted at Statio• 2 was -o.07 ft. All borehole 
elevatioas ware cleteraiaed to the aeareat 0.1 ft. 
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The location of 1urvey control 1tatlou1, e1tabll1hed arldpoiuts, and borehole 
locations are 1harn ou Plate 1 • 

.. • 2 son SAMPLING IESt!'LTS . . 
A total of 293 1oil 1aaples were collected and analyzed for radi.a, thorium, 
and pota1sina; re1ults are presented tu Appendix B, Table B-1. Duplicate anal
Jill were performed ou 27 1amples for all three radionuclides; the results are 
presented iu Appendix C, Table C-1. Duplicate aample1 are identified by the 
prefix IBG. Appendix C, Table C-2, presents the radium data for the orialual 
and duplicate aualysea to perait coaparison of the re1ulta. · 

The differiua contamination patterns described in Section 3.1 of this report, 
with the exception of arroyo contamiu Uou where 10il samples were not taken, 
are indicated lu the results of soil-sample analyses. Fiaure 2 1hows the 
distribution of radium couceutratlous for aoil 1aaples collected at G-to-6-iu. 
depths. Fiaure 3 shows the location of soil samples haviua areater tbau 5 
pCi(ela-226)/a radium concentrations iu 10l1 1amples tabu at 0-to-6-lu. depths. 

Windblown contamination (Area A) exceediua 5 pCi/a radi .. -226 in surface (0 to • 6 in.) aoil samples is present in a broad area to the northeast and east of the 
lower tailiuas pile. Soil 1amples taken at arid points N10152 and E9290, 
NlOOOO and E9200, N9960 and E9246, and N10600 and !10400 contain radium concen
trations of 369, 535, 676, and 100 pCi/a, respectively. Tbe first three aam
ples are related to small piles of aaterial containins uranium-ore and the 
fourth was taken from the bottom of au arroyo coutainins water-transported 
tailiuas. All of the remaiulna 1oil aamples in Area A coutainins areater than 
5 pCi/a,la-226 are related to windblown contamination. As shown by the 4ilta
aU.a data taken at a depth of 6 b., the windblown contaainatiou ls restricted 
to the upper'6 ln. of aaterial ·except for au area aloua the eastern edse of the 
lower pile. Only one surface soil aample iu Area B has a concentration of 
radium-226 exceedins 5 pCi/a. This indicates that windblown contamination is 
iusianificant 1outh of the pile. 

Contamination lu aoil l&mples taken from the aill and ore-storase areas (Area 
C) is hishly variable. West of approximately E7600, the radium-226 conceutra
tious iD soil samples are at or uiar backsround coucentratious (1 to 4 pCi/a). 
last of approximately E7600 to the upper taUiuss pile, the radium conceutra
tious vary areatly rauaius from 3 to 363 pCi/a, reflectius the acattered ore, 
tailiuas. and coutamiuated debris found in this area.~ Mauy of the 1011 samples 
taken ia Area C correspond to borehole locations. 

Soil 1amples taken lu Area_.D !lave couceutratious of la-226 at or near back
around levels, except those taken in the wash or arroyo which drains Area D to 
the aorth. The 1aaples from tile wash !lave la-226 couceutrations rauaiua from 2 
to 482 pCi/a, which represent spotty coutaminatioa by tailiuas and aliaes beiua 
transported dowustreaa duriua periods of heavy raiDfall. 

lquivaleut-t!lorium concentrations lu 1oil samples are lliahly variable, ranaiua 
froa 0 to 1384 ppm. The lliahest concentrations of tllori.a are related to 1oil 
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aaaplea ooatalal•& araat .. ore aad taill•&•• The locatio•• of aoll aaaples 
ooataialaa thoriaa l• coaoeatratloaa areater thea 15 p,- are ahara la Flaaze 4. 
A dhc•uioa oa correctioa factora •aed to oorreot radioloaic aeas•rneau for 
thoriaa ooatrib•tioaa la preaeated ia Sectlo• 4.3 of this report. 

Potaaai .. ooaceatratloaa ia aoll saaplea are &•••rally low b•t are alao vari
able aad raaae froa beloW detectioa ltait (<0.5 perceat) to 3.2 perceat. A 
dia011asloa oa oorreotioa factors .. ed to correct radioloaic aeasareaeata for 
potaaaiaa coatrib•tioaa la preaeated l• the followiaa aectioa. 

4.3 PELTA-G,p:MA IIEAStJIEIIENTS 

4.3.1 Soil-loiataze Correctioa Factor• 

Lou-o1a-dryiDI (LOD) aeaa1lreaeats were perfonaed oa tea perceat (28) of the 
aoil aaaplea collected dazi•& the fieldwork phaae of the at1ld7 aad oa 16 
aaaple• collected darla& the alte-orieatatioa vhit, to derive a• averaae 
aoil~olatare-ooateat va11le for the aite (Appeadis B, Table B-2). Based oa 25 
aoll aaaplea take• at a depth of 0 to 6 la., the averaae aoistare la 1.6 
perceDt • 'l'tro aaaph I takeD at a depth Of 6 to 12 iD. aDd ODe aaaple take a It a 
depth of 12 to 18 la. had aoiatare ooateata of 1.13 perceat, 2.65 perceat, aad 
6.26 percent, reapectively. 

Soll-aolature correotioaa were applied to ia-sit1l radl .. aeaa~eaenta to con
vert the aeas1lreaeatl to dry-weiaht radiua coaceDtratloaa. The ooruotioaa 
were calc1llated, ••l•& the aoistaze ooDteat of the aoil, fro. the eq.atlo• 

p • 1 + 1.11 (1/(1--)] • 
(3) 

where X 11 the fractloa of the total wel&ht acco•nted for by water (larut&ty 
aDd othera, 1984). 

leca••• oalibratioa-pad aolatve •••t alto h taken lato accout, the ratio of 
the aoll-aoistve oorrectlo• to the oalibratioa-pad-aoistare oorrectioa la 
applied to the data as follows: 

·~. 1 + 1.11 [lf/(1-1,>1 
1 + 1.11 [IP/(1-Mp)] 

(4) 

where •f la the aoil-aoiature ooateat 4ete~laed for each aaapll•l depth later
val l• the at•dy area aDd •, la the oallbratioa-pad aoiat•r• content (appros
laately 11 perceat). SiDce the aoistUre ooateat for the 6-to-12-iD. deptha was 
aot aiaaiflcaatly dlffereat froa those of the o-to-6-ia. aaaples, the aaae 
oorrectioa factor (F~ • 0.8t) waa applied for data iD these depth raaaea. For 
~~ aevea aoll aaaples tate• below a 4epth of 12 ia., a oorrectioa factor of 
·~. o.t4 waa applied. 

4.3.2 piaea•lllbriaa Correctiop pactpr 

• 

• 

ladoa eacaplDI froa the aoil decreaaea the appareat coacentratioa of radiaa 
•••••red lD ait1l beca•s• the ln-ait• aeas•reaent techaiqae actually aeaa•res 
, ... a-ray-aaittla& radoa da•Jhtera. tle aao.at of thia decrease is the frac- • 
tloa of radoa that eacapea froa the aoil. 
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lesalta of laboratory .. as•r .. eats of diseq•ilibri .. betweea radi .. aad ita 
radoD daaJhters for 2 1aaple1 tateD dDriDJ the site orieDtatiOD visit were 17.8 
.t 1.0 perceat aad 18 .6, .. .t 1.0 perceDt. The averaae of tlle two val .. • h 18 .2 .t 
1.0 peroeat. This valae is lower thaD previoas site diseqailibriaa val•e• 
probably dae to tlle low .oisture ooateat of the aoils (1.6 perceat for depth• 0 
to 6 la.). 

• •• 1/(1-1) (5) 

where P
1 

la the diaeqailibriaa oorrectioa aad I ls the fractioD of radoa 
eacapiDI froa the 1011. the appareat-radiua coaceatratloa calcalated froa la
alta data la aaltlplled b7 the di1eqailibriua factor to deteraiae actaal radiaa 
ooDceatratioa. Becaa1e the calibratioa pads al1o .. aaate radoD (approslaately 
10 per~eat). the fiaal oorrectioa applied to the field data ls the ratio betweea 
the field diaeqailibriaa correctloa aDd the oalibratioa-pad diaeqailibriaa 
oorre ctioa, or 

( 6) 

where I is the fractioa of radoa escapiDI fro. the pads (10 perceat) aad Ef ia 
the fraltioa of radoa eacapiaa froa the soil (18.2 perceat). 

4.3.3 pelta-Gamma Keasareaeat leaalta 

The raw data collected duriDI the field ••rvey were coaverted to eqaivaleat
radia coaceatratioaa DliDI oornctioa factor• for aohtare, dheqailibri ... 
aad· thoriaa aad potauia coaceatratioa1, aa well aa the uceuary calibratioa 
factors obtaiaed fro. calibratioaa perforaed oa the DOE Walter Field calibra-
tioa pads. 

The eqaatioa for data redactioa ls 

(7) 

where c
1 

ia radi .. ooaceDtratioa la pCi(ela-226)/J, t11 is the delta-ooant 
calibratfoa factor ia pCi(ela-226)/a per cp1, I 11 averaae aet co•at rate ia 
cpa; F~ b the aohtue oorrectioa factor (averaae per ... area). 5t h the strip
pia& factor b pCi(.~la-226) Ia per perceat 1:. ~ h perceat 1: (averaae per 
area), Jn h the a·tdppiDJ factor ia pCi(ela-226) /a per pp 'l'h, en h ppa Th 
(averaae per area). aad Fe ia the diseq•ilibri .. oorrectioa factor (averaae per 
area). 

The dileq•U ibrf .. correct loa factor (Fe> deterabed for tllia atuy h 1.10 
(of. Sectioa 4.1.2). The aoiature oorrectioa factor (F~) for thia stady area 
la 0.89 for aeaa•reaeata leas thaD or eqaal to 12 la. la depth aad 0.94 for 
aeaaureaeata areater thaD 12 l•. ia depth. leaD thoriua aad potassiaa ooacea
tratloaa for the alllalte were deteraiaed froa laboratory aaalyaia of a aroap 
of soil ... plea ooDtaialaa very hiah coaoeDtratloas of thorl... The statl•
tical aeaa for thoriaa 11 38 ppa. To ooapeDaate for theae hlah val•••· all 
thoriaa valaea areater thaD 15 ppa were. for the purpoae of data redactioa, 
placed la a aeparate file where the looatlODI of the hl&h thorlaa aaaplea were 
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elected aaainat locations of delta-aamma aeaaureaenta. Delta aeaaureaenta 
taken at the aaae location as aoil samples containina hiah thori~ were correc
ted individually for thori~. The remainina delta-aamma aeaaurementa were 
corrected for thori~ uai~l a aean concentration of 6.6 ppm. A aean potassium 
concentration (C~) of 1.3 percent was used to reduce the delta-a&mma~ata. 

Uncertainties in radiam-concentration values were calculated uaina the equation 

(8) 

where • is the .ncertainty in radium concentration, Nu and Nd are the 
nnshielded (UP) ooUDts and delta or difference counts, respectively, t is the 
countina interval (ttae in seconds for the UP count), and the other parameters 
are 11 defined above. These UDcertainties reflect countina errors ouly. Not 
included are the uncertainties in the equivaleut-radium concentratiou intro
duced b7 the errors anochted with each correctiou and calibration factor. 
At low radi~ concentrations, the countlna uncertaluty Ia, •oat likely, the 
laraest source of error in the aeasureaeut. At hlah concentrations, however, 
the reported countina uncertainty is likely to be overshadowed by errors 
Introduced by the correction- and calibration-factor uncertainties. 

Equivalent-radium concentratlous determined usiua the delta-a&mma aethod and 
their associated two-standard-devlatlou countlua uncertainties are reported in 
Appendiz. D, Table D-1. Fiaure 5 shows locations where the equivalent-radium 
content of the soil ezceeds 5 pCi/& 11 determined by the delta-aaama aethod. 
Fiaure 6 Ulustra tea the distribution of the del ta-aamma aeuur.emenu over the 
ranae of equivalent-radium concentrations determined for the aite • 

. . . 

Yith the ez.ceptlon of delta-a&mma aeasurements in arroyos, nearly all of the 
delta-aamma aeasurements were aade at a depth of 6 ln. as specified in the 
Statement of Wort. Tho aeanrementl were aade at approz.imately half of the 
aridpoiats in Areas A and B, and at all of the aridpoints (ezcludiD& borehole 
locations) in Areas C and D followina the collection of a 0-to-6-in. aoil 
aample. The alternatina aoil aample/delta-aamma aeasurement aethod described 
in Section 3.3 was used to determine the depth of contaaination ez.ceedina EPA 
atandards. 

The reaul ta of del ta-a&mma aeasureaents taken· in areas containina windblown 
contamination (Areas A and B) indicate that equivalent la-226 concentrations 
below a depth of 6 in. are at or near bactaround conce,tratioas. By comparina 
the o-to-6-in. soil-sample data and the 6-in. delta-a~• aeasureaent data, 
lt appears that windblown contaaination ez.ceedina 5 pCi/a la-226 is confined to 
near-snrface (0 to 6 in.) aateriala. 

Delta-a~• aeasurements in arroyos of Area A indicate that ez.tensive contami
nation conaiatina of a aiz.ture of water- and wind-transported tailinas is pre
sent in scattered sand bars alona each of foar arroyos surveyed. The ez.tent of 
the oontaaiaation usually ez.tenda outside of available lite aapa. lberefore, 
in Appeadiz. D, Table D-2, location valuei of J9999 are aiven for aeaaureaeats 
taken outside the site aap. Bowever, In the reaarts section of the data-entry 
sheets, the aeanrements are referenced to a blown point (e •I•, 400 ft 4cnrn
atreaa from Nl0600, !8200). The depths of contamination ez.ceedina EPA stan
dards aenerally correspond to depths needed to reach bedrock. The arroyo 
bottoas at the site are floored by bedrock and in aany cases bedrock is reached 
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at a .. ptla of 3 to 4 la. hoe 1tedroct h reached, tlle eq:alvaleat-radhlll 
ooaceatratioa falls 1telow tile EPA ataadard of 5 pCi/a abo.e 1tactaro.ad. Tile 
arroro la Area D ooataiaa tle aaae type of coaceatratioa, 1tut due to a areater 
tlictaeaa of aaterial ia tle bottoa of the arroro south of V.S. BiJbway 163, 
tile arroyo waa Claracterized by drilllaa. North of the liahYay, aurface 
4elta-aaaaa aeaaureaeata ladlcate the coataalaatloa ezteada oaly approziaately 
JOO ft donatreaa froa tile klaJaray. 

Tile 4elta-aaaaa aeaaur .. eata froa the aill J&rd aad ore-atoraae area (Area C) 
ladicate tllat wltl tile ezceptioa of aiz aridpoiata (N8200, 17600; N8000, 17600; 
N"7100, 17600; N"7600, 17635; N7800, 18200; aad N7600, 18400) the ela-226 ooaceD
tratioaa at a .. ptl of 6 ia. are leas tlaa S pCi/a. Of the aiz aeaaureaeat 
locatio•• tllat ooatala ooaceatratioaa areater tlaa 5 pCi/a, four are located la 
a 1torrow-pit area 1tetweea tile aravel road oa the west edae of tle aillaite aad 
ore-atoraae area aa4 tile paved road to Balclita. Tile reaaiaiaa two locatioaa 
are loc,ted adjaceat to .. all ore piles still preaeat Ia the ore-atoraae area. 
Delta-aaaaa aeaaureaeata at two of the abo.e aridpoiata (N'7800, 18200 aad 
N7600, 18400) yielded aeaative ela-226 ooaceatratioaa due to oorrectioaa for 
lial tloriua coaceatratioaa. Soil aaaplea tatea at a depth of 0 to 6 ia. at 
these locatioaa ooataia 138 aad 857 p~ eTh, respectively. Other aoll a .. ples 
Ia Area C also coataia lial ooaceatratioaa of tlloriua. These aaaplea, however, 
oorrespoaded to borehole locatio•• aad will be dlac•aaed ia Sectioa 4.4.2. 

4.4 BOIEBOLE DIILLJ:NG. SAJIPL!NG. AND LOGGING IESJlLTS 

4.4.1 prilllpa aad Saaplipa lea•lts 

A.total of 117 boreholes were drilled, of which 47 were located ia tile aill 
yard aad ore-atoraae area (Area C), 17 were located ia the snaae .poad aad 
arroyo area Ia the aorthweat portioa of the site (Area D), 23 were located 
aloaa the periphery of the •pper pile (Area 1), 28 were located aloaa the 
periphery of the lower pile (Area F), aad 2 holes were added to teat piles of 
coataaiaated .. terial Ia Area A. The borehole auabera, ooordiD&tea, aad ele
vatioaa are iaclu4ed ia Appe1l4iz E. 

Boreholes Ia Area C were drilled by tr•ct-ao.ated auaer accordlaa to the 
looatloaa specified ia the Stateaeat of Wort, with the ezceptioa of 8 boreholes 
(BAT-G13, 017, 022, 023, 026, 037, 048, aad 051) that were ao.ed to avoid 
atilitiea, eziltiaa atr•cturea, aad other obatructio••: Borehole IIAT-G57 waa 
deleted alaoe it waa located directly oa bedroct. Borehole depths were aeaer
ally shallower thaa orlaiaally eatiaated 4eptha due to tle alallaw 4epth to 
1tedroct. 

Boreholes la Area D were drilled with a traot-aoaated auaer accordiaa to 
tlle Stateaeai of Wort with the ezceptioa of boreholes IIAT-071, 073, 078, 086, 
aad 088 which were ao.ed dae to difficult access or &hallow depth to bedrock. 
Borehole BAT-o84 waa abaadoaed due to both the lack of access aa4 to shallow 
.. ptl to bedroct. Borehole BA7-G85 was drilled .. iaa a portable ••aer. 

Boreholes la Areas I aad P, which lad approsiaate locatio•• apecified la the 
Stateaeat of Wort, were drilled with both traot-aoaated au1er ia easily access
ible locatio•• aad portable ••aer la difficult-acoeaa areaa. Borehole• were 
located by tle Techaical Aaaiataace Coatractor aad the Beadiz alte aaaaaer to 
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aocomaodate dr111iaa aad to pro.lde the beat aabaurface laforaatioa. Boreholes 
orlaiaally located aloaa the aoatbera periphery of both piles were ao.ed iDWard 
to the edae of the tailiaaa becaaae the oriaiaal approziaate locatioaa were 10 
to 12 ft Ia ele•atioa above the tailiaaa piles, which woald ha•e reqaired 
drilllaa approziaately 10 ft of •edrock to reach the desired depth. ~eae 
loles wire drilled to deteraiae the aaoaat of leachiaa of ooataaiaatioa below 
the tailiaa•l•edrook iaterfaoe. 

Ia Area A two .. all areas ooataiaed thick acc~ulatloas of coataaiaated aater
lala (ta!llaaa, •raat-. ore, aalfar, aad other debris) which coald aot be fally 
eTalaated asia& the delta-a~• aeaaareaeats. Oae •orehole was placid la the 
approsiaatt oeater of each pile of ooataaiaated aaterial. 

A aoll aaaple was takea froa a depth of 0 to f la. at tach borehole locatioa 
prior to drilllaa. Appeadis I, Table 1-1 ooataiaa the resalta of aaalysia of 
tle aaaplea. 

4.4.2 Geophysical Borehole-Loaaiaa lesalts 

4.4.2.1 Borehole Loaafa& with the Truct-Nounted Systea. The track-aouated 
apectral aamma-ray loaaiaa systea was ased to loa 32 •oreholea of which 10 were 
la Area C, f were la Area D, f were la Area E, aad 7 were la Area F. The 
radioaetric loa• are provided oa aicrofiche Ia Appeadis E; borehole-loaaiaa 
aad eqaipaeat data are preseated Ia Table 1-1. 

The loa• of boreholes located Ia the ore-atoraae area (Area C) ladlcate that 
ooataaiaatioa ezceediaa the EPA staadard of 5 pCi(ela-226)/J abo•e ••ckarouad 
la spotty aad raaaes fran ao ooataaiaatioa (BAT-o21, 023, 02f, aad 045) to 
coat&aiaatioa at a depth of 5 ft (BAT-o22). The deepest aad aoat ezteaai•e 
coataaiaatioa is found Ia •oreholes sarrouadias the fouadatioa of the old aill 
(BAT-o22, 026, 031, aad 035). The •orehole drUled aezt to the track scale 
also coataiaa ooataaiaatioa froa the sarface to 4 ft Ia depth. 

Loa• of boreholes located la Area D also ladicate that coataafaatioa esceediDJ 
EPA ataadarda is spotty. Ia aeaeral the coataaiaatioa is shallow (0 to f la. 
la BAI-073, 074, 080, 084, aad 088) with the ezceptioa of boreholes BAr-o71, 
075, 081, 083, aad 086, which ha•e spotty ooataaiaatioa to a depth of 4ft, 7.5 
ft, 10.5 ft, f.5 ft, aad 2 ft, reapecti•ely. These holes are located ia the 
arroyo coataialaa water-traaaported taill•&•· 

The loaa of borehole• asiaa the track-aoaated .ystea located la Areas I aad P 
are coafiaed to boreholes located aloaa the aorthera periphery of the apper 
aad lower piles with the ezceptioa of boreholes BAI-120 aad 121, located oa 
tle west edae of the apper pile aad BAT-110 located oa the south portioa of 
the bera road ••tweea the apper aad lower pile. Coataaiaatioa, with the 
esceptioa of boreholes BAT-102 aad 103, is deep, oftea ezteadiaa to the total 
depth of the lole. 

4.4.2.2 Jorehole Loaaiaa with the RASCAL Portable Syatea. The IASCAL syatea 
was aaed to loa boreholes that were aeaerally aot acceaaible •y the track
aouated loasia& syatea or that were shallow (<5 ft). The radioaetric loa• are 
provided oa aicrofiche la Appeadis I; borehole-loaaiaa aad equip.eat data are 
preaeated la Ta•l• 1-2 • 
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Vacertalatlea iD the flDAl ela-226 coaceatratloaa were oalc.tated at the f5 
perceat coafldeace leTel (two ataDdard 4eTlatloaa) aad laclade te~• for the 
followiDa paraaetera: 

• ltatlatlca of the obaerTed ooaat rate. 

• Correctloa factora for caalaa, aaaer jolata, aad aolat.re, aa well aa 
•ackaro.ad ooatrlbatloaa of potaaal .. aad thorl .. coaceatratloaa. 

• The t-factor (coaTeraloa factor for total aa.aa-ray co .. t rate to radi .. 
ooaceatratloa) for the .yatea. 

~••• calc.lated .. certalatlea aay be aaed, toaether with oalcalated ooaceatra
tloa T~l .. a, to , .. atify radi .. coaceatratloaa aa bela& deflaltely below 
apecific ltalta with f5 perceat coafideace. 

ladlaa ·ooaceatratloaa at or aear the aarface, aa ladicated by borehole radio
aetric loaa, 4o aot aaree with coaceatratioaa 4ete~iaed froa aaaaa-ray apec
troacoplc aaalyala of G-to-6-la.-deep aoil a .. plea, •ecaaae the oalibratioa 
prooed•re doea aot ala-tate the air/earth laterfaoe at the top of the borehole. 
The borehole-loaalaa ayateaa are calibrated la the aiddle of a zoae of radio
aotiTe aaterial aaauaed to appear lDfiaitely thick aad hoaoaeao•• for aa.aa-ray 
aeaeratioa aad propaaatioa. Thia aaae aaau.ptioa la thea aade .for the borehole 
whea proceaalaa the loa data, with appropriate 4ecoBYolatioa to correct for 
adjaceat bed effects, ••t aot aear-a•rface aad ••rface aeaa.reaeata for the 
air/earth laterface effecta. 

A total of 12 borehole• were loaaed ••laa the RASCAL ayatea. Fo.rteea of these 
borehole• were drilled with a portable a•aer aad were loaaed witho•t caalaa. 
The reaalalaa •oreholea were loaaed thro•&h hollow-atea aaaera. 

IASCAL borehole loa• la Area C ladlcate that coataaiaatioa, aa with the tract
ao.ated loaalaa, la 1potty aa waa also la4lcated b7 the Coapaloaaer ayatea. Of 
17 holea loaaed aalaa the IASCAL aystea la this area, 27 of the boreholes did 
aot ooatala ooataaiaatloa ezceediaa EPA staa4arda below a depth of 6 Ia. Of 
the 10 that did coatala areater thaa 5 pCl(ela-226)/a below a depth of 6 la., 
oaly 4 had coataaiaatioa below a depth of 1 ft. 

. ' IASCAL loa• froa borehole• la Area D ladlcated ao ooataalaatloa ezoeedlaa EPA 
ataa4arda .. low a depth of 6 la. 

Loa• of borehole• la Area• I aad F ladicate that coataaiaatioa aloaa the 
aorthera periphery of the apper aad lower pile• (BAT-101, 152, 154, 155, 156, 
aad 158) la &hallow, with 4eptha to 6 la. or leaa. Coataaiaatioa aloaa the 
eaatera periphery of the lower pile (wla4blowa-tailiaaa area) la aore eztea
alTe, with depth• to 12 ft. Borehole& oa the aoathera periphery were drilled 
to bedrock oa the edae of the talllaas with a portable aaaer. Ia aoat oasea 
the coataaiaatioa ezceeds 5 pCi(ela-226)/a at the bottoa of the hole. To 
f.tly teat the aao .. t of leachiaa below the taillaaa/Balaaito ahale laterface 
req•irea tr•ck-aoaDted rotary drllllaa. Loa• of borehole• aloaa the weat ed1e 

• 

• 

of the apper pile ladlcate that ooataaiaatloa la shallow, with depths aeaerally • 
leaa thaa 1 ft. 
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Loaa of tlt two ~relolea Ia Area A (IAT-124 and 125), wlicl were drilled to 
teat .. all pilta of oontaaiaatlon, Indicate that in BAT-124 approzlaattly 7 ft 
of contaainated aaterlal tzlata fro. •~face to bedrock; BAX-125 appears to 
con tal• a 5-ft-tllck aou of oontaaiaa ted aa tidal. 

4 .5 BtJD.piNG st!JVE! IESVLTS 

~~ elalt buildi•a• at the Mezlcaa Bat aite ataad l• relati•ely llal aaama 
fields (oftta referred to •• 'pile ahi•e') dae to tbtir prozlaity to the 
tallinas pilta aad tle ore-atoraae area, aad coaaequeatly oaly oae l•door a ... a 
ezpoaure-rate aeas~eaeat waa aade la the approzlaate center of each buildi•a 
at a leipt of oae aeter. Surface alpha aeasurementa were aade at approz
taattly four locatioaa per 1000 aquare feet of floor apace. Ia abandoned 
buildiaaa a aurface readiaa waa taken, the •~face was brushed a•d wiped with a 
diapoaable wipe, aad thea a aecoad readina was takea. Tbis procedure aa•e a 
a•••nl" ladica.tion of reaovable Ttraua Aoueaovable contaaiaatioa ltTela. Ia 
the two occupied buildiDaa (the Bdchita Health Cliaic a•d tle aleet aetal 
ahop,· which la aow used aa a atoraae ahed) direct aeaaureaenta were taken, 
followed by &mears on lad-wipe filter paper which were then oouated. Appendiz 
F provide• buildiaa diaarams ahowina aeaauremeat location• (Fiaurea F-1 throuJh 
F-8) aad alpha contamination and ezpoaure-rate aeasureaent data (Tables P-1 
tlroup F-1) • 

Tbe Balchita Bealtl Clinic (buildina number 8) and the aheet aetal 1lop 1toraae 
buildiaa (buildina auaber 2) ahow little aian of alpha oontaaiaatioa. Alpha 
aeasureaenta in the former trade achool buildina (buildiaa aaaber 5) also 
ladicate that little alpha contaaiA&tion la preseat, ranai•a froa 10 to a 
aaziaum of 130 opm. luch of the alpha actiTity appear• to be rtaovable. 

··B11Udina 5·appears to· contain a lara• aaouat of ·a&haaeable aaterlala h.a. 
atruct~al lteel). bother ••11 aetd buildiDa Cb11ildina •=ber 3) baa hiaher 
alpha actiTity on the floor (135-220 cpa), but aoat of the alpha oontaaiA&tion 
appears to be reaovable aad the buildiaa itself appears to be in aood condi
tion. the reaainina buildinaa. the scale louse buildina (aumber 7), ore
cr11shina buildina (aumber 1), aenerator buildina (namber 4), and the .. all 
brick bui14ina (number 6), were tither liahly coatamiA&ted (•umber 7 and aamber 
1) or lad little aal•aae Talue (aaaber 4 and •=ber 6). 

4 .6 IACIGRQUND CBAIACTEI IZATION IE SUI. TS 

Four locatio•• were clo••• for baclarouad aeaa~eaeati la the area of the 
Mezica• Bat 1ite (cf. Fiaure 1). Three of fhe bactaround location• eatab.
llahed duri•a the lite orieatatloa Tiait were chosen as final bactaro11A4 loca
tions for the aite. A fo11rth location waa established durlna the fieldwork 
phase of the project. lactarouad aealureaent areas were to be, aacordina to 
the Stateaent of lorl, at least 3 aile• east or •ortheaat of the 1ite and at 
ltaat 1 aile from the 1lte la other 4irectioaa. laclaro11Ad locatio•• BG-1, 2b, 
J, aad 4 are located approziaately 5 ailea aouth, 2 ailea weat-aouthweat, 3 
ailtl Aortheaat, &Ad 0.5 aile east of the lezican Bat aite, respectiTtly. The 
bactarouad locatio• BG-4 Ia located just west of Gypsua Wash; the lact of 
access to areas east of Gyps11a lash pre•eated the establishment of a bactarouad 
aite 3 ailea east aa stated 1• the Stateaent of lorl. All of the bactarouad 
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altea were looated oa weatlered. red allty aaadatoae1 aad &kalea of ~e 
Balaalto Toaaae. a aeaber of tle C.tler Fo~atloa. aiallar to ~e aeoloaic 
aettlaa at the ·aezlcaa Bat alte. 

1.-aa espoaure-rate .. aaur .. eata. delta aealar .. eata. aad 1011 aaaplea were 
tatea at each bactarouad locatloa. leaaltl of aeaaureaeat1 aad laborator,y 
aaalJ••• of aoll aaaplea are preaeated la Appeadiz G. Table G-1. 

tle PIC ezpoaure-rate aeaaureaeata yield a aeaa bactaro .. d ezpoaure rate of 
11.f ± 0.7 pl/h for the .. zlcaa Bat area which ia ooa1lateat with •alaea 
reported b7 preTloaa at•diea. · 

Delta-a...a aea1ur .. eat1 at each bactaro.ad locatloa ladlcate that bactaro.ad 
ela-226 coaceatratloa1 raaae froa 1.1 to 2.5 pCl/a with a aeaa of 1.f ~ 0.4 
,Ci/a. 

AaalJ••• of eoll aaaple1 tatea froa the bactaro.ad looatloa1 had la-226 ooa
eeat,atioal raaaiaa froa 0.7 to 2 pCl/a aad a aeaa of 1.2 ± 0.4 pClla. th 
coaceatratloa1 raaalaa froa 1 to'·' ppa aad a aeaa of 5.4! 2.1 ppa. aad K 
eoaoeatratloa1 raaaiaa fraa 1.3 to 1.1 perceat aad a aeaa of 1.4 ~ 0.3 perceat. 
For parpo1e1 of deteraiaiaa areal coataiaiaa 5 pCi (ela-226)/a abOTe bact-
aro .. d. a bactaro.ad eoaceatratioa of 1 pCl (ela-226)/a oaa .. •1ed. 

5.0 SVKMAJY 

• 

Arroro coataalaatloa ooa1l1tiaa of wladblowa aad water-traa1ported taillaa• l1 
the ao1t wide1pread aad probleaatic ooataaiaatloa at the Mezicaa Bat lite. • 
Spotty contaaiuatioa 1 ll preseat lathe bottaa of arrOJOI fro. the aorth. aorth-
eaat. aad east edae1 of the talllaas piles to their ooaflaeace with Gypsum 
Waah. approztaately 2200 ft dowaatreaa froa the lower pile •. The ooataaiaatioa 
ooaaista of eloaaated aaad bars raaaiaa ia thictae1s froa 6 la. to approzl-
aatelJ 2 ft. This aaterial coatala1 ela-226 coaceatratloa1 areater than the 
IPA ataadard of 5 pCl/a abo.e bactaro .. d. 

Surface wladblowa ooataaiaatloa la widespread to the aortheaat aad eaat of the 
talllDJI pile•; ooataalaatioa ezceed1 5 pCl(ela-226)/a approzbaately 1000 ft 
aorth and approziaately 100 ft east of the lower pile. leaalt1 ahow that aost 
of thla coataaiaatloa doe1 aot eztead below a 4epth of 6 la. To the aoath aad 
weat ao wladblowu ooataalaatloa ezceedlaa 5 fCl(ala-22f)/a was foaAd. 

Coataalaatloa la the ore-atoraae aad aill areas la spotty aad. d.e to the 
ahallow depth to .. droct. la aeaerallJ 1hallow aa well. Thi1 coataaiaatioa 
coa1l1t1 of a •ariety of aateriala iacladlaa taillaa•. uraaiua ore. aad other 
barfed 4ebrl1. the deepest coataaiaatioa ooour1 la aa area aurro.adlaa the 
lara• eoacrete fo .. datioa of the old aill. 

The aewaae poad aad arroro area la the aorthwe1t portioa of the 1lte do aot 
appear to coatala coataalaatioa ezceediaa 5 pCl(ela-226)/a ezcept la aad aloaa 
the banta of the .. all arro,o draiaiaa to the aorth. leaalt1 of drllliaa 
iadloate tkat .. ar the head of the arroro (aear the .,per pile) water-traa•
ported talllaaa ooataalaatioa ezceedlaa EPA ataadarda 11 pre1eat to a1 ••ch aa 
10.5 ft la depth. Farther to the aorth aear U.S. BlahwaJ 163. the ooataalaa- • 
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tlo• la ahallow (leaa tla• 1 ft), escept for 4oze4 aaterlal oa the east ••at of 
the arroyo where ooat .. laate4 aaterlal has '-•• Jile4 to a thictAeaa of &Jpros-
laa tllJ 4 ft. 

~l•••ral •ui14iaaa at tle lleslcaa Bat site are aal•aaeable or coatala lara• 
aao~t• of aal•aaeable aaterlali whieh are aot ooutaalaate4. the Ba!ohlta 
Bealth Cllalc was fotD4 to •• free of ooataaluatloa aa4 la aoo4 coudltloa. The 
aheet aetal ahop (foraer lab •ul14laa), which la aow used for atoraae of laaula
tloa aad •ul14laa auppliea, was also fotDd to '- .. ooataaiaate4 aad la aoo4 
coadltloa. An .. ptJ aetal ahed was fouad to coataia alaor coataaluatioa •ut lt 
appeara that aoat of this coataaiaatloa la l• the fora of reaovable radioactiTe 
dust, aa4 the •u114laa la l• aood coadltloa. The loaa •uildia& foraerly used 
as a trade achool alao appears to ooatala alaor reaovable coataaiaatloa. 
AJthouJh alaal•& lara• areas of aetal aldla& aad roofl•&• this •uildi•& co.
talus a larae aaouat of aalvaaeable aaterlala. The reaaiaiaa buildiaaa are 
either ooataaiaated or have little aal•aae value. 
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Appea41z A 

INSDmMENI-PDFOIMANCE Em D mas 

Instruaent-responae field elects were performed on each lnstraaent bifore •se 
each day. These checta were performed ln an area near the aotel ln Kezlcan Bat 
at which the radloloalc-characterlzatioa field crew was lo•sed. 

leadlnaa were recorded Ia the appropriate data boot aad plotted oa a araph that 
displayed a hlator,y of pr-.io•s fleld-chect res•lts and apecified qualit,
oontrol ltaits. which were established aa two standard 4evlatioas (~) froa the 
aean of the previous read iDa•. lea Una a which fell o•taide the ae 1 iaitl were 
repeated to determine if they were the reaDlt of an instrumentation problea or 
of the statistical probability that approziaately 5 percent coDld be expected 
to fall o•talde these specified liaita. ValDes used for the aean and ataa4ard 
deviation were baaed oa fleld-chect data acca'lllated dudna the prevlo•s alte 
characterizations. 

For field-chectina the Bendix delta-aamma uaits, a field-check source fixture 
held both the detector and a uranium-button aoazce ia a fired aeoaetr,y while a 
10G-secoad UP coant was collected. The source was thea rea~ed to a point 
beyond ita raaae of inflDence, and a lOG-second DOWN coant was collected. The 
resDltiaa delta count was recorded in the appropriate data boot, plotted on the 
araph, and checked for ooapliance with the 2-slcma quality-control llaits. 

A calibration jia was •sed for field-chectiaa the portable spectrometers. A 
240-secoad bactaroand count was followed by successive 240-aecoad counts with a 
arani~button source and a thorium-button source. Tbe araniua source provided 
test coants in the ~ aad aross-coant chaaaela as well as in the U channel, and 
the thorium source provided a test of the Th channel. Bactaronnd conats in 
each channel were subtracted from the source counts, aad aet conata were 
recorded in the appropriate data book. Aaain, the counts were plotted and 
checked for coapliance with quality-control llaits. 

For field-chectina the leuter-Stotes pressurized ionization chaaber (PIC), a 
.. all aource-holdina fizture aoaated pe~aneatly to the detector houaina was 
•sed. A bactaronad readina was obtained ••ina a built-in intearator to deter
alae the averaae exposure-rate in pl/h over a 90-aecond interval. Followin& 
detezaination of backaronad ezpoaure rate, a radium button source was placed in 
the source-holdiaa fixture aad the averaae exposure rate vver a to-second 
interval was aaain determined. the backaround rate •as subtracted from this 
eecoad rate to determine the aet exposure rate froa the aource. 1he rate was 
recorded Ia the appropriate data book aad checked for coapliance with quality
control liait1; To aonltor PIC performance at two different exposure levels, 
the procedure was repeated •sina 1-pCi and 1G-pCi check aources • 
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Table B-1 (ooatiau4) 

Gri4 Bore- Coaceatratj.oa • Coo~:4iutes Depth •ole IBD ••-226 Thoria Potassium 
iforth East (iD.) No. No. CpCi/a) (ppm) (4ft) 

10400 1000 0 576 3 :t 1 5! 1 2.1 ! 0.2 
10400 1200 0 307 24 ! 1 < 3 ! 0 0.9 ! 0.2 
10400 1200 ' 508 53! 3 < 3! 0 1.1 ! 0.3 
10400 1200 12 309 39! 2 < 3! 0 0.9 ! 0.2 
10400 1200 18 310. 54 ! 2 < 3! 0 0.8 ! 0.2 
10400 1400 0 306 2! 1 < 2! 0 1.0 ! 0.3 
10400 1800 0 128 2! 1 9! 2 1.4 ! 0,4 
10400 9000 0 129 3! 1 7! 1 1.3 ! 0.4 
10400 9400 0 182 2! 1 6! 2 1.2 ! 0.3 
10400 10000 0 138 3! 1 7! 2 1.1 ! 0.3 
10400 10400 0 139 12 :t 1 9! 2 1.4 ! 0.3 
10400 10800 0 140 28 ! 2 < 2! 0 1.1 ! 0.3 
10400 11200 0 145 132! 6 < 4! 0 0.6 ! 0.2 
10400 11600 0 147 37 ! 2 14 ! 4 1.4 ! 0.4 
10350 1173 0 71 560 18! 1 9! 3 1.5 ! 0.3 
10320 10788 0 157 590 81 ! 5 < 3! 0 < 0.6 ! 0.0 
10263 10614 0 156 589 19! 5 22! 3 1.5 ! 0.2 
10223 11088 0 159 592 226 ! 15 < 5 + 0 < 0.6 ! o.o -. 
10200 1000 0 283 5! 1 < 1! 0 1.4 ! 0.3 
10200 8100 0 72 562 a: 1 < 1! 0 0.8 !: 0.2 
10200 1400 0 305 2! 1 9! 2 2.3 !: 0.5 • 10200 9000 0 126 3! 1 4! 1 1.3 ! 0.4 
10200 9400 0 181 3! 1 5! 2 1.3 ! 0.3 
10200 9800 0 136 4! 1 10 ! 2 1.7! 0.4 
10200 10000 0 137 11! 1 18! 3 0.9 ! 0,4 
10200 11600 0 149 38! 2 < 2! 0 1.2 ! 0.3 
10200 11800 0 146 110 ! 6 < 3 ! 0 0.9 ! 0.3 
10200 11800 6 148 166 ! I 45! 9 0.9 ! 0.3 
10200 11800 12 150 171 ! 8 < 4! 0 0.9 ! 0.3 
10200 12000 0 154 12 ! 1 12 !: 3 1.8 ! 0.4 
10200 12200 0 155 9! 1 < 2! 0 1.5 ! 0.4 
10200 12400 0 156 4! 1 < 2!: 0 1.2 ! 0.3 
10200 12600 0 157 6! 1 < 2! 0 1.3 ! 0.3 
10200 12800 0 158 1! 1 ' 9! 2 0.6 ! 0.2 
10159 10478 0 155 516 20! 1 I! 2 1.6 ! 0.2 
10152 9290 0 125 605 369 ! 11 < 6! 0 0.8 ! 0.3 
10109 10340 0 154 588 41! 1 13! 2 2.3 ! 0.2 
10108 11416 0 161 594 22 ! 2 < 2! 0 1.3 ! 0.3 
10107 11416 0 160 593 164 ! I < 5! 0 < 0.7! o.o 
10105 11302 0 177 613 167 ! I 45 !: 9 < 0.3 ! o.o 
10050 1100 0 73 561 2!: 1 5! 2 1.3 ! 0.3 
10012 11622 0 1'79 597 168! 8 < 5! 0 < 0.'7! o.o 
10000 7800 0 212 1! 1 3! 1 1.2 ! 0.3 
10000 1100 0 73 559 19! 1 < 2! 0 1.2 ! 0.3 
10000 1300 0 284 2! 1 7! 2 1.1 ! 0.3 
10000 1500 0 281 3! 1 6! 1 1.2 ! 0.3 
10000 1700 0 210 1! 1 4! 2 1.0 !: 0.3 • 
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Table 1-1 (ooatlau4) 

Gd4 Bore- Concentration 

• ~oor~Unates Depth hole . IIBD la-226 Tboriu Potanla 
( i1l,) No. No. (pCi/a) (ppm) ( .. ) orth East .. 

10000 1900 0 127 3 :t 1 4! 1 1.1 :t 0.4 

10000 t200'' 0 176 535 :t 21 < 5! 0 1.2 :t 0.2 

10000 t200 6 177 437 :t 17 < 5! 0 1.0 :t 0.2 

10000 t200 12 178 504 :t 18 < 5 :t 0 0.7 :t 0.1 

10000 t200 18 179 458 :t 18 < 11 :t 0 0.9 :t 0.5 

10000 t400 0 180. 4! 1 I :t 2 1.8 :t 0.4 

10000 t600 0 134 11 :t 1 17 :t 3 1.5 :t 0.4 

10000 9800 0 135 
' :t 

1 22 :t 3 2.6 :t 0.5 

9999 10095 0 153 585 7 :t 1 12 :t 2 3.2! 0.3 

9998 11407 0 178 610 239 :t 12 < 5! 0 0.8 ! 0.3 

9960 9246 0 124 604 616 :t 33 < 7 :t 0 < 0.4 ! 0 .o 
t957 "11511 0 180 611 217 :t 10 52 ! 11 < 0.3! o.o 
9901 9847 0 152 587 15 :t 1 19! 2 2.3 ! 0.2 
t900 8000 0 74 563 3! 1 4! 1 1.4 ! 0.4 

9900 8100 0 75 558 31! 2 69! 7 1.3 ! 0.3 

t818 11533 0 163 612 198 :t 9 ( 5 :t 0 0.7;t0.3 

t807 t149 0 102 550 50 :t 3 ( 3! 0 1.4 ! 0.4 

9801 t638 0 151 570 39 ! 3 17 ! 3 1.4 :t 0.5 

t800 7700 0 16 609 1 :t 1 5 :t 1 1.0! 0.2 

t800 8100 0 77 557 153 ! 7 51 :t . 10 ( 0.3 :t o.o 
9800 8198 0 78 564 3 :t 1 6 :t 2 1.8 ! 0.4 

t800 8500 0 304 3 :t 1 8 !. 2 1.3 :t 0.3 

• t800 1700 0 303 1! 1 5 :t 1 1.4! 0.3 

t800 1990 0 101 549 88 :t 5 324 !. 19 0.8!. 0.2 

t800 11800 0 201 34 !. 3 ( 3 :t 0 0.8 !. 0.2 

t800 12000 0 163 23!. 1 12 !. 2 1.4! 0.2 

t800 12200 0 161 22 :t 1 ( 3! 0 1.0 :t 0.2 

t800 12400 0 160 7 !. 1 10 :t 2 1.3 :t 0.3 

9800 12600 0 159 3! 1 8 :t 2 1.3 :t 0.3 

t762 t322 0 103 566 194 :t 11 47 !. 8 1.1 :t 0.4 

9700 8100 0 '79 565 3 :t 1 7! 1 1.1 !. 0.4 

9700 8200 0 80 556 13 :t 1 10 :t 3 0.9!. 0.2 

t700 8300 0 81 555 3'7 :t 2 ( 2! 0 1.1 !. 0.3 

9700 1600 0 82 554 15 ! 1 11 :t 3 1.2! 0.3 

9691 11614 0 164 595 21 :t 1 < 3! 0 1.9 !. 0.4 

t652 t489 0 104 567 303 :t 17 ... 85 :t 12 1.3 :t 0.5 

t642 1775 0 123 572 12 :t 1 6:t 2 1.5 :t 0.4 

t600 8200 0 13 553 277 :t 13 ( 5 :t 0 1.0 :t 0.4 

t600 1300 0 577 3! 1 5 !. 1 1.5 :t 0.1 

t600 8500 0 225 2! 1 5! 1 1.4! 0.1 

t600 1'700 0 302 3 :t 1 4! 2 1.4 :t 0.3 

9538 11662 0 165 596 64 !. 5 38 ... 6 0.9!. 0.3 

t530 9648 0 105 568 300 :t 18 168 i 17 0.6!. 0.4 

t410 1490 0 111 601 4! 1 6!, 2 1.3 :t 0.3 

t400 1300 0 1'7 551 3 :t 1 6;t 2 1.0 :t 0.2 

t400 8600 0 224 6:t 1 6 !. 1 1.8! 0.2 

9400 t199 0 106 569 4t !. 3 ' :t 
3 1.7 !. 0.4 

• B-3 



Table B-1 (oolltiaued) 

Grid Bore- Co!lce!ltratioll 
Coo[diytes Depth lole IIHD Ra-226 Thori'lllll Potusi'lllll • lfo[th East Up.) lfo. No. (pCi/a) (ppm) (Ill) 

t400 11800 0 165 t:t 1 10 :t 2 1.t :t 0.2 

t400 12200 0 167 7 :t 1 10 :t 2 2.7 ! 0.2 

t400 12600 0 171 5! 1 I :t 1 1.5 :t 0.2 

t390 1200 0 16 552 .82 :t 24 ( 7 :t 0 < o.• : o.o 
t373 1783 0 122 573 789 :t 29 < 13 :t 0 1.7 :t 0.6 

t280 7520 0 88 54& 1! 1 < 2! 0 0.7 :t 0.2 

9240 7400 0 270 1 :t 1 5:!: 1 1.5 :!: 0.4 

9208 t849 0 107 571 199 :!: 10 88 :t 11 1.4 :!: 0.4 

9200 1900 0 11 501 32:!: 2 ( 3! 0 1.2 ! 0.3 

t200 8500 0 14 504 29 :t 2 ( 2! 0 0.6 ! 0.2 

t200" 12000 0 169 6:!: 1 . 7! 1 1.6 :!: 0.2 

t200 12400 0 170 5:!: 1 9! 1 2.2 ! 0.2 

9199 11424 0 166 598 59:!: 4 15 :!: 4 0.5 ! 0.2 

9163 8790 0 121 574 9:!: 1 7:!: 2 2.9 ! 0.5 

f104 11372 0 167 599 1PI :!: 11 < 5! 0 < 0.7:!: o.o 
t095 10924 0 170 602 241 :!: 14 < 5:!: 0 ( 0.7 ! o.o 
t014 8836 0 120 575 302 ! 17 < '! 0 1.6 ! 0.5 

9010 8100 0 12 502 5! 1 < 2! 0 1.0:!: 0.3 

9008 8500 0 17 507 11 :!: 1 < 2! 0 0.6 :!: 0.2 

9004 t074 0 119 580 5:!: 1 13 :· 2 1.1 :!: 0.2 

tOOO 7600 0 268 3:!: 1 5! 1 1.3 ! 0.4 

tOOO 7800 0 221 4:!: 1 4:!: 1 0.9 :!: 0.2 

tOOO 7900 0 15 509 2! 1 4:!: 1 1.5 ! 0.4 • tOOO 8100 0 16 508 16 :!: 2 < 2! 0 0.9 :!: 0.2 

toOO 8500 0 18 506 75! 5 < 3! 0 0.5 ! 0.2 

9000 8700 0 19 505 87 :!: 5 ( 4! 0 < 0.6 ! o.o 
9000 11600 0 168 3 :t 1 9 :t 1 1.8 ! 0.2 

tOOO 11800 0 266 11:!: 1 10 ! 2 1.1 ! 0.3 

9000 12200 0 173 5! 1 8 :t 1 1.9 :t 0.2 

8990 8300· 0 13 503 15 :!: 2 ( 2:!: 0 0.5 ! 0.2 

8978 11269 0 168 600 155 ± 8 < 5:!: 0 0.2 :!: 0.1 

1945 10732 0 171 603 321 :!: 16 316 :!: 21 ( 0.7.! o.o 
8922 11004 0 169 601 111 :!: 5 223:!: 15 < 0.7 :t o.o 
8900 8100 0 20 510 11! 1 4! 1 1.0 ! 0.4 

I tOO 1200 0 21 511 3 :!: 1 ' 6:!: 1 1.6 :!: 0.4 

8900 8425 0 22 512 30:!: 2 24 :!: • 1.7 :t 0.4 

8852 lt80 0 118 581 3:!: 1 10 :t 1 2.1 ! 0.3 

8800 7200 0 222 1:!: 1 5! 1 1.1 ! 0.3 

8100 1600 0 267 2! 1 7! 2 2.0 ! 0.4 

8800 7100 0 220 2 :t 1 8! 2 1.6 :! 0.4 

. 8800 7t20 0 23 514 7! 1 6:!: 2 1.5 ! 0.4 

8800 8100 0 24 513 11 :!: 1 5 :t 1 1.5 ! 0.4 

8100 8200 0 25 515 7 :!: 1 •:- % 1.3 ! 0.4 

1800 1420 0 26 516 126 :!: 6 42 ! 7 2.0 ! 0.5 

1800 1700 0 27 543 114 ! 8 < 4;!: 0 ( 0.6 ! o.o 
8800 8900 0 28 542 10 ! 1 < 2;!: 0 1.7! 0.4 

1800 10800 0 276 2! 1 8 :!: 2 0.9 :!: 0.2 

• 



Table 1-1 hoaUa•e4) 

• Gri4 Bore- Concentration 

Coordiu tu Depth hole IBD l.a-226 nor ill& Potaniaa 

tfortb East Up.) No. No. (pCi/a) (ppa) ('It) 

8800 11000 0 230 2! 1 10 ! 2 2.1 ! 0.5 

8800 11200 0 229 3! 1 ., ! 2 1.9 ! 0.4 

8800 11400 0 226 7! 1 10 ! 1 1.3 ! 0.1 

8800 11600 0 175 6! 1 ., ! 1 1.9 ! 0.2 

8800 11100 0 265. 5! 1 ., ! 2 0.9 ! 0.2 

1790 7400 0 271 4! 1 I! 2 1.8 ! 0.4 

1734 9097 0 117 582 7! 1 17 ! 2 2.3 ! 0.2 

1700 7300 0 29 547 2! 1 ( 2! 0 0.6 ! 0.2 

1700 7700 0 so 608 1! 1 4! 1 0.8 ! 0.2 

1700 1200 0 31 520 22! 2 6! 2 1.3 ! 0,4 

1642 . t559 0 110 606 3! 1 9! 2 1.1 ! o.s 
1600 7200 0 223 1! 1 "4! 1 1.0 ! 0.1 

8600 7400 0 272 1! 1 6! 1 1.5 ! 0.4 

8600 1600 0 269 3! 1 6! 1 1.4 ! 0.4 

8600 . 7800 0 219 2! 1 6,! 2 1.3 ! 0.3 

8600 7900 0 32 522 132! 10 ( ., ! 0 1.4 ! 0.4 

8600 1100 0 33 521 127 ! 9 ( 1! 0 1.3 ! 0.4 

8600 1400 0 34 519 1t2 ! 15 32 ! 7 1.5 ! 0.5 

8600 8500 0 35 518 76 ! 4 35 ! 6 1.6 ! 0.4 

1600 1700 0 36 517 38! 2 8 + 2 1.7! 0.4 -· 
8600 9008 0 116 583 20! 1 317! 16 1.9 ! 0.2 

• 1600 10000 0 238 4! 1 5! 2 1.0 ! 0.2 

1600 10400 0 239 5! 1 9! 2 ( 0.5 ! 0.0 

8600 10800 0 228 2! 1 14 ! 2 2.5 ! 0.5 

8600 11200 0 227 4! 1 9! 2 1.9 ! 0.4 

8590 8900 0 37 544 58 ! 4 194 ! 15 1.1 ! 0.3 

8500 1200 0 39 523 103 ! • 22 ! 3 1.7! 0.2 

8490 7700 0 38 524 6! 1 ., ! 1 2.4 ! 0.2 

8442 8964 0 115 584 50 ! 5 1384 ! 135 ( 1.5 ! o.o 
8400 7400 0 273 43 ! 3 14 ! 3 1.2 ! 0,4 

8400 1600 0 264 2! 1 5! 2 0.9 ! 0.2 

8400 7800 0 218 37 ! 3 ( 3! 0 ( 0.6 ! o.o 
8400 1900 0 40 525 73 ! 5 ( 3! 0 1.9 ! 0.2 

1400 8100 0 41 526 120 ! 9 13! 3 1.7! 0.2 

8400 8300 0 42 527 19 ! 6 " 109 ! 9 1.5 ! 0.2 

1400 1500 0 43 528 40! 2 ., ! 2 1.6 ! 0.2 

8400 1700 0 44 529 28! 1 10 ! 2 1.6 ! 0.2 

1400 8800 0 210 112 ! ., 35! 7 1.3 ! 0.5 

8400 8800 6 211 40 ! 3 10 ! 3 1.1 ! 0.4 

1400 9600 0 241 3! 1 13 ! 2 1.3 ! 0.3 

1400 10000 0 237 1! 1 6! 2 1.5 ! 0.4 

1400 10400 0 234 2! 1 • ! 2 1.6 ! 0.4 

1300 7500 0 45 540 6! 1 ( 2! 0 0.9 ! 0.2 

1300 7500 0 45 541 2! 1 3! 1 1.3 ! 0.3 

1300 7700 0 46 539 19! 1 ( 2! 0 1.1 ! 0.3 

. 1200 7200 0 278 1! 1 1! 2 1.3 ! 0.3 

• 1200 7400 0 274 3! 1 • ! 2 1.5 ! 0,4 
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Table 1-1 (ooatia"De4) 

Gri4 Bore- Conceat[ation • Coor41utl• Depth •ole IBD Ra-226 'l'Jaoriam Potassi1111 

No[th East ( bl.) No. No. (pCl/a) (pp!l) (") 

8200 1600 0 263 2:!: 1 1:!: 2 1.1 :!: 0.3 

8200 '7800 0 21"7 1:!: 1 < 2:!: 0 1.0 :!: 0.2 
8200 8100 0 41 533 363 :!: 29 1"71:!: 16 1.2 :!: 0.2 

. 8200 1300 0 49 531 53:!: 3 31 :!: 4 1.6 :!: 0.2 

8200 8500 0 50 530 121 :!: 12 14 ± 3 0.9 ± 0.1 
8200 8600 0 215 5:!: 1 6± 2 0.1:!: 0.2 

8200 8750 0 51 545 10 :!: 4 < 3 ± 0 0.1 ± 0.2 

8200 8800 0 249 13 ! 1 < 2± 0 1.0 ± 0.3 

8200 8800 6 212 13! 1 8± 1 1.4 ± 0.2 

8200. 8800 12 214 11 ! 1 6! 1 1.5 ± 0.2 

8200 9200 0 243 1! 1 < 2:!: 0 0.8 ± 0.2 

8200 9600 0 240 2:!: 1 < 2! 0 0.1! 0.2 

8200 10000 0 236 1 ± 1 9:!: 2 1.5 !: 0.3 

8200 10400 0 235 2!: 1 11:!: 2 1.8 !: 0.4 

8185 8100 0 48 532 47 ± 4 11 ± 2 1.8 !: 0.2 

8000 1200 0 277 1 ± 1 5! 2 1.5 :!: 0.3 

8000 7400 0 275 2!: 1 4:!: 1 1.1 :!: 0.3 

8000 1600 0 261 42 !: 3 < 2 !: 0 1.1 !: 0.3 

8000 1600 6 262 49 !: 3 < 3: 0 1.2 !: 0.3 

8000 1800 0 216 11:!: 1 11 !: 3 1.0 !: 0.3 

8000 1900 0 52 534 15 !: 4 13!: 3 1.6 !: 0.2 

8000 8100 0 53 535 33 ± 2 < 3 ± 0 0.5 !: 0.1 

8000 8300 0 54 536 47 :!: 3 46 !: 6 1.4 ± 0.3 • 8000 8400 0 279 122 ! 6 < 4 !: 0 1.1 !: 0.3 

8000 8600 0 202 17 !: 1 9 !: 2 1.2 !: 0.3 

8000 8800 0 248 3:!: 1 8:!: 2 1.0 !: 0.3 

8000 9000 0 247 6 + 1 9 !: 2 1.2 !: 0.3 

8000 9200 0 242 5! 1 7 !: 2 1.2 !: 0.3 

7800 7400 0 258 1:!: 1 6;!: 2 1.1 !: 0.3 

1800 7600 0 259 75 !: 4 < 3:!: 0 1.0 : 0.3 

1800 7600 6 260 27 :!: 2 < 2:!: 0 1.2 !: 0.3 

1800 1800 0 256 54 :!: 3 < 3 :!: 0 1.4 :!: 0.3 . 

1800 1800 6 257 8:!: 1 1 !: 2 1.6 :!: 0.4 

1800 1900 0 55 546 29 :!: 2 31! 5 1.1 ! 0.3 

1100 8000 0 255 3 ± 1 " 3 ± 1 1.0 :!: 0.2 

1800 1100 0 56 538 54 ± 4 < 3:!: 0 0.8 :!: 0.2 

1800 8200 0 252 106 :!: 6 138:!:, 11 < 0.7:!: 0.0 

1800 8200 6 254 8:!: 1 < 2;!: 0 1.7 :!: 0.4 

1800 8300 0 57 537 252 !: 16 476 :!: 33 < 0.7 :!: o.o 
1800 1400 0 251 26 :!: 2 16 ! 3 0.6 : 0.2 

1100 8600 0 253 11 ± 6 39! 6 1.1:!: 0.4 

1800 1800 0 246 2:!: 1 < 2! 0 1.3 !: 0.3 

1800 9000 0 245 1 !: 1 1 :!: 2 0.8 ! 0.2 

1800 9200 0 244 5:!: 1 1 ! 2 1.3 :!: 0.3 

1600 7635 0 207 3 ± 1 < 2:!: 0 1.2 ! 0.3 

1600 1635 6 208 21 :!: 2 < 6;!: 0 1.4 ! 0.4 

7600 7635 12 209 10 :!: 1 5:!: 1 1.5 :!: 0.2 • 



Table B-1 hoatia1le4) 

GrieS Bore- Concentr:ation 

• Coordiaatss Depth lole JIB]) Ra-226 Tllori11m Potanha 

r;orth East (ill.) No. No. (pCi/a) (ppm) (~) 

7600 7800 0 206 2:!: 1 < 2! 0 1.3 :!: 0.3 

7600 1000 0 205 2! 1 4:!: i 1.1 :!: 0.3 

7600 1200 0 204 5:!: 1 12:!: 2 < 0.6 :!: 0.0 
7600 1400 0 250 285 :!: 16 157:!: 51 < 0.7:!: o.o 
7600 1400 ' 203. 129 :!: 10 399 :!: 32 1.6 :!: 0.4 

• 
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Table B-2 

L2as-ou-D£!i!l le•ull• 

• Sample LOD Suple LOD 
N11111ber (') N11111ber (') 

IRD 101 1.21 IRD 191 0.62 
IIIID 102 0.57 IBD 1t9 0.63 
IIHD 103 1.21 IIHD 212 1.13 
IIIID 104 1.71 IIHD 227 1.38 
IIHD 105 2.52 IIHD 238 0.84 
IIHD 106 5.08 JaiD 249 1.23 
IIHD 107 4.21 11HD 260 2.65 
IBD 108 3.66 IIBD 268 1.24 
1RD 109 4.15 IIHD 277 0.68 
IIHD 110 3.47 11HD 304 1.61 
JIHD 111· . 2.33 11HD 504 2.46 
IIBD 112 3.06 IBD 512 5.04 
Jmi) 113 6.96 IIBD 524 2.08 
IIIID 114 3.06 IIIID 535 1.48 
IIHD 115 2.34 JII[I) 53 8 1.33 
JII[I) 117 2.48 IIIID 552 3.27 
JmD 126 2.01 MilD 560 1.24 
IIIJl) 129 0.52 IBD 574 2.43 
IIIID 143 1.12 MilD 583 5.09 
IIIID 155 0.80 IIIID 589 0.89 
IIBD 178 6.26 JIJID 599 0.68 
IIBD 183 0.95 IIBD 608 1.91 • 

' 
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APPENDIX C 

IJ'Q'PLICA'lE ANALTtiCAL IESUl,TS • Table C-1 pre1e11t1 cJ11plica te aalllla-ra,-spectroacopic aaalytical rea11l tl for 
apllta of approd.aately 10 perceat of the aoil aaaplea collectecJ. wr.u ... 
thoriua, aacJ potaasiua •al11e1 represe1lt eq11ivaleat coaceDtratioas. Table C-2 
preaeata a coapariaoa of the la-226 co11teat l11 the aoil aaaple (MBD) aacJ the 
correspoacJiaa split (IIBG). A less-th&1l ala• (() iadicatea that the ai11ta11111 
•etectloa llait basecJ oa Coaptoa backaro111l4 was reachecJ. A t11tltioa aart (7) 

lacJlcatea that the aaalyala la aealt~1ltltatl•e 4., to a low oo111lt rate. 

Table C-1 

Duplicate Gamaa-lay-Spectroacopy Aaalytlcal les111t1 

Saaple la-226 Error 'l'h Error J: Error 
N11mber (pCi/a) (ppm) ( .. ) 
DG-601 2.3 + 1.0 4.4 ± 1.1 1.2 + 0.3 - -
IIBG102 2.3 ~ 1.0 5.9 ± 1.6 1.0 :t 0.2 
IIBG-603 27.2 :t 1.6 1.1 + 2.9 1.1 ± 0.3 -
IIBG104 6.6 + 1.0 10.4 ± 2.4 1.5 + 0.3 - -
JIBG-605 4.6 ± 1.0 I .7 ± 2.2 1.5 ~ 0.3 
JIBG-606 ., .6 + 1.0 10.9 + 2.5 1.2 ± 0.3 - -
JIBG-607 10.3 ± 1.0 5.2 + 2.2 1.3 + 0.3 - -• IIBG-608 11.0 ± 1.0 < 1.5 ± o.o 1.2 ± 0.3 
JIBG-609 1.7 :t 1.0 1.6 + 2.0 1.4 + 0.3 - -
JIBG110 2 .s. :t 1.0 ., . ., :t 2.2 1.3 :t 0.3 
JIBG-611 1.2 + 1.0 1.5 + 2.0 1.1 :t 0.3 - -
MBH12 2.2 ± 1.0 11.5 :t 2.0 1.1 ± 0.4 
JIBG-613 I .7 :t 1.0 ' 5.9 :t 1.6 2.2 + 0.5 -
JIBG114 2 .o + 1.0 ' 7.3 ± 1.6 1.2 + 0.4 - -
JIBG-615 2.0 :t 1.0 ' 5.7 :t 1.4 1.2 :t 0.4 
JIBH16 18.4 + 1.8 ' 6.3 + 1.8 1.3 ± 0.4 - -
JIBG-617 74.5 ~ 3.1 15.0 :t 5.7 1.7 ± 0.4 
MBG118 41.6 :t 2.4 ' 7.1 :t 2.4 1.5 ~ 0.4 
JIBG-619 4.6 :t 1.0 ' 4.0 :t 1.0 1.7 ± 0.4 

DH20 19.7 + 2.2 ( ., .2 :t 0 .o 1.5 + 0.4 - -
JIBG-621 61.6 ~ 4.3 ( 7.1 + o.o .. 1.5 ± 0.4 -MBG122 ' 1.0 :t 1.0 ' 7.4 ± 1.6 1.2 :t 0.4 

JIBG-623 31.8 + 1.6 59.5 :t 6.3 ' 0.8 + 0.2 - -
MBH24 297.3 :t 14.t 110.4 :t 12.3 < 0.7 :t o.o 
JIBG-625 1.0 :t 1.0 ' 3.0 :t 1.4 ' 1.0 :t 0.2 
DG-626 18.1 ± 2.5 < 2.7 ± 0 .o 1.2 + 0.3 -
DG-627 179.1 ± t.l < 4.6 + o.o < 0.7 + o.o - -
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All errors reported lD Table C-2 are espected aaalytical errors at 2~. ODe 

aaaple showed a dlffereDce areater thaD expected. le-aDalysls of this data 
aet showed DO llJDificaDt chaDJI lD either T&lue. Thia differeDce is attrl-

buted to , .. ple preparatloD. • 
Table C-2 

CoapariaoD of ladl.- Results BetweeD Saaplea aDd CorrespoDdiDI Splits 

Saaple la-226 lhapllcate la-226 

Npber (pCi/a) Sample NUJDber (pCi/a) 

~126 2.5 + 1.0 JIBG-601 2.3 + 1.0 - -
IIBD-132 2.2 + 1.0 IIBG-602 2.3 + 1.0 - -
JIIID-140 28.3 ~ 1.6 JIBG-603 27.2 + 1.6 -
IIBD-160 . 6.5 + 1.0 DG-604 6.6 + 1.0 - -
IIBD-173 4.8 + 1.0 IBG-605 4.6 + 1.0 -
IIIID-189 7.4 + 1.0 JIBG-606 7.6 + 1.0 - -
IIIID-1, t.6 + 1.0 DG-607 10.3 + 1.0 - -
IIBD-209 10.1 + 1.0 DG-608 11.0 + 1.0 -
IIBD-219 1.t + 1.0 JIBG-609 1.7 + 1.0 - -
IIBD-229 2.8 + 1.0 IIBG-610 2.5 ~ 1.0 

IIBD-245 ·' + 1.0 JIBG-611 .1.2 + 1.0 - -
IIBD-235 2.2 ± 1.0 JIBG-612 2.2 + 1.0 -
IIBD-257 8.0 + 1.0 JIBG-613 8.7 + 1.0 - -
IIBD-264 2.2 ~ 1.0 IIBG-614 2.0 ~ 1.0 

JIIID-275 2.0 + 1.0 DG-615 2.0 + 1.0 • - -
IIBD-508 16.0 ~ 1.6 DG-616 18.4 + 1.8 -
JIBD-518 75.7 + 3.7 DG-617 74.5 + 3.1 - -
IIIID-528 39.3 ~ 2.2 JIBG-618 41.6 + 2.4 

JIBD-283 4.t + 1.0 DG-619 4.6 + 1.0 - -
IIBD-309 39.0 ~ 1.0 DG-620 39.7 + 2.2 -
IIBD-538 54.4 ~ 3.7 JIBG-621 67.6 + 4.3 

JOJD-548 1.0 + 1.0 MBG-622 1.0 + 1.0 - -
IIIID-558 30.6 + 1.0 DG-623 31.8 + 1.6 - -
IIBD-568 2,.9 ~ 18.4 DG-624 297.3 ~ 14.6 

JIIID-578 1.1 ~ 1.0 DG-625 1.0 + 1.0 -
JIRD-588 40.7 ~ 1.4 IIBG-626 38.1 + 2.5 -
JIIID-613 167.0 + 7.8 DG-627' 17t.8 ~ t.8 -

• 
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Appea4lz D 

• pFl.TA-G.ootA, WI'OM MEAS'QIEMENT DATA 

Table D-1 preae~t• reaulta of the iD-aitu delta-a~• ra4ia. aeaaur .. e~ta. ne 
two-ata~4ar4-4e~latio~ (2~) error reported i~ this table reflecta omly the 

. 
wacertal~ty l~ the oounti~l atatiatlca; it 4oea ~ot l~clu4e errors l~tro4uce4 
throup the ue of a cal ibraUo~ factor ad three cornctio~ factora. Theae 
data were ae~erate4 uil~a the co.puter proaraa DELTCALC.BAS, Veralo~ 1.1. 

• 

la41aa •alaea repreae~t equl~ale~t oo~ce~tratio~a. 

Tail• D-1 
-

~~-Situ Delta-Ga.aa ladia. Xeaaureae~t leaultt 

'gordla•UI Depth ela-226 CQor4hl&UI Depth ela-226 
North · East c ill . \ c,ci/• \ ·worth East If.~ ) (,Ci/ a) 

1160() 11600 0 2.3 ~ o.a 10800 12000 0 10.1 ~ 1.5 

11600 11600 6 0.3 ~ 0.6 10800 12000 ' • 0.6 
11600 12000 ' o.9 ~ o.a 10800 12400 ' 0.4 ~ 0.'7 
11400 12450 0 f5 .8 ~ 3 .o 10800 12800 ' 0.6 ~ 0 • ., 

11400 12450 ' 131.5 ~ 4 .o 10775 11100 0 45.3 :!:. 1.9 
11400 12450 12 ,5.1:!:. 3.6 10'775 11100 ' 41.3 :!:. 

2 ·' 
11400 12450 15 28.1 ~ 4.5 10775 11100 12 5.4:!:. 1.9 

112'75 12325 0 39.3 :!:. 1.1 10'775 11100 14 1.1 ~ 2.1 

112'75 12325 ' 2.4 ~ 1.4 10775 12125 0 
'' ·' :!:. 

3 .o 

• 11202 11600 ' 1.'7:!:. 
0 ·' 

10775 12125 6 4.6:!:. 2.2 

11200 10800 ' 0.6 ~ 0.'7 10725 10750 0 59.,:!:. 2.3 

11200 11200 ' 0.4:!:. 0 • ., 10725 10'750 ' 38 .I :!:. 2.9 

11200 12000 ' 2.3 :!:. 1.0 10725 10'750 12 2.1 :!:. 1.'7 

11090 12225 0 '·1:!:. 1.4 10700 10575 0 55.4:!:. 2.5 

11090 12225 ' 1.1 :!:. 0.9 10700 10575 ' 4.5 ~ 1.9 

11000 10400 0 3.'7:!:. 0.1 10'700 10575 12 2.2:!:. 1.2 

11000 10400 ' 0.'7 :!:. 0.1 10700 10P25 0 20.1:!:. 1.5 

10925 12125 0 3'7.1:!:. 2.4 10700 10925 ' 1.5 :!:. 0.9 

10925 12125 ' 4.2:!:. 1.1 10650 12050 0 '8 .4 :!:. 3.1 

10900 11650 0 3.1:!:. 1.2 10650 12050 ' 32.0:!:. 3.1 

10850 11475 0 31.4 :!:. 2.2 10600 1200 2 3.1:!:. 0.9 

10850 11475 ' 4.0:!:. 1. '7 10600 9000 ' 2.,:!:. 0.8 

10825 11825 0 22.1:!:. 1.4 10600 t600 ' 1.6:!:. 0.9 

10825 11825 ' 31.0:!:. 1.t 10600 10400 ' 15.8:!:. 3.5 

10825 11125 12 39.1 :!:. 2.4 10600 10400 I 11.1:!:. 3.3 

10825 11825 18 11.1:!:. 2.3 10600 11200 ' ·o ·' :!:. 1.3 

10800 9400 ' 0.5 :!:. 0.6 10550 10050 0 41.4 :!:. 2.1 

10800 10000 ' 0.9!. 0.1 10550 10050 4 '·':!:. 1.8 

10800 10800 ' 0.3 ~ 0 .'7 10525 t875 0 35.6:!:. 2.2 . 

10800 11300 0 41.3 ~ 2 .'7 10525 t875 ' 16.0:!:. 2.1 
. 10800 11300 ' 2.9 ~ 1., 10525 9875 12 • 1.5 

10800 11600 ' 2 .4 :!:. 1.3 . 10525 11950 0 135.1:!:. 3.9 
10525 11950 ' '71 .4 :!:. 3.1 

. 

• -there la at leaat 95 perce~t co~fide~ce that the tne ~al u ia h 11 tha~ 

the aeaaur .. e~t reported. 
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Table D-1 (ooatlau4) 
.. 

-'oerdiYUI Depth ela-226 Cs:toz:4la&U! Depth ela-226 • North East (b.,) ... fY1Ciii) N,rth East (b .. ) h»Cil•' 

10525 11t50 10 10.8 ±. 2.7 10000 9200 12 491.0 ±. 7.2 
10500 10200 0 240.2 ± 4.5 10000 9200 18 493.3 ±. 9.7 
10500 10200 6 278.1 ±. 6.0 10000 9400 6 2.4 ±. 0.8 
10500 10200 12 2.2 ±. 4.1 10000 9600 6 2.7 ±. 1.3 
10450 9700 0 12.8 ±. 1.6 10000 9800 6 S.7 ±. 1.4 
10450 f700 4 1.1 ± 1.2 9967 12390 0 16.6 ±. 1.7 
10400 8000 6 0.7 ± 0.6 

. 9967 12390 1 1.3 ±. 1.3 
10400 1200 "6 45.4 ±. 2.1 9t50 12150 0 13.5 ±. 2 .o 
10400 1200 12 24.1 ±. 2.5 9950 12150 4 2.1 ±. 1.2 
10400 1200 18 15.9 ±. 2.6 t866 11994 0 19.1 ±. 1.7 
10400- 1200 24 4.1 ±. 1.9 t866 11994 3 3.9 ±. 1.5 
10400 8400 6 o.9 ±. 0.8 9800 8500 6 1.8 ±. 0.9 
10400 . 8800 6 0.7 ±. 0.8 t800 8700 6 1.7 ±. 0.9 
10400 t400 6 0.9 ±. 0.7 9800 11800 0 11.2 ±. 1.9 

10400 10400 6 1.5 ±. 0.9 9800 11800 5 1.5 ±. 1.1 
10400 10800 6 2.3 ±. 1.3 9800 12200 5 0.5 ± 1.0 
10400 11600 6 3.6 ±. 1.4 t800 12200 6 1.2 ±. 1.0 
10325 11925 0 44.2 ±. 2.5 t600 1300 2 1.2 ±. o.9 
10325 11925 6 59.0 ±. 2.0 9600 8500 6 0.7 ±. 0.7 
10325 11925 10 9.4 ±. 2.3 t600 1700 6 0.4 ±. 0.8 

10275 t650 0 143.6 ±. 3.5 t600 12000 6 2.2 ±. 1.2 
10275 9650 4 -19.1 ±. 2.5 t580 12580 0 23 .3 ±. 1.8 
10200 8000 6 0.8 ±. 0.7 t580 12580 6 5.6 ±. 1.4 • 10200 8400 6 1.8 ±. 

0 ·' 
t580 12580 8 2.0 ±. 1.3 

10200 tOOO 6 1.0 ±. 0.8 9450 12480 0 t.5 ±. 1.3 
10200 10000 6 o.t ±. 1.0 9450 12480 6 1.8 ±. 0 ·' 
10200 11600 6 2.3 ±. 1.5 t400 8600 6 1.0 ±. 0 ·' 
10200 11800 0 124.8:!:. 3.8 9400 12000 6 1.0:!:.. 1.0 

10200 11800 6 224.1 ±. 4.2 t400 12600 4 2.5 ±. 0.8 

10200 11800 12 1t4 .4 ±. 5.4 9350 12350 0 6.3 ±. 1.3 

10200 11800 15 115.8 ±. 5.7 t350 12350 6 1.4 :!:.. 0.8 

10200 12200 6 1.9 ±. 1.0 t300 12175 0 13 .7 ±. 1.4 

10200 12600 4 • 0.3 9300 12175 6 2.3 ±. 1.2 

10125 9575 0 155.9:!:. 3.8 I t280 11t80 0 20.4 :!:. 1.t 

10125 t575 ' 1.2 ±. 2.4 t280 11980 5 5.7 ±. 1.3 

10125 9575 10 5.4 ±. 1.9 t275 11800 0 4.0 ± 1.5 
10059 12775 0 5.t:!:. 1.1 t240 7400 6 0.6 ± 0.7 
10059 12775 6 0.7 ± 0.7 t200 12000 6 • 0.2 

10010 12565 0 5.5 ±. 1.2 t200 12400 6 3.0:!:. 1.0 
10010 12565 3 0.6 ±. 0.1 toOO 7600 6 0.8:!:. 0.7 

10000 7800 6 0.9 ±. 0.7 9000 7800 6 0.7 :!:. 0.8 

10000 1300 ' 2.2 ±. 0.7 toOO 11600 6 1.2:!:. 0.1 
10000 8500 6 1.3 ±. 0.8 tOOO 12200 6 0.3 ±. 0.7 
10000 1700 6 1.1 ± o.t 8800 7200 6 1.3 :!:. 0.7 

10000 I tOO 6 1.7 ± 0 ·' 
8800 7600 ' 2.0 :!:. 0.7 

10000 t200 6 510.8:!:. 8.2 8800 7800 2 1.4:!:. 0.7 

ether• la at least t5 peroeat ooDfi4eaoe that the tr•e ~al•e h leu thaa • the aeaa.reaeat reporte4. 
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Table D-2 

Ia-Sltu Delta-Gamma ladiaa Keaaureaent Results 
for Approziaate Locatioaa (N99999) 

pnn < la.> tla-226 (pCil•> •... ,,, 
0 2.2 :t o. 7 lactaroucl looatloa IG-1 
0 1.6 :t 0.7 lactaroaacl looatloa 10-1 
0 1.0 :t 0.7 lactaro .. ct looatloa IG-2b 
0 1.5 :t 0.7 lactaroud locatloa IG-2b 
0 1.S :t 0.7 lactaroucl looatloa 16-S 
0 1.1 :t 0.7 lactaroud locatloa IG-3 
0 1.1 :t 0.7 Bactaro .. d loca Uoa BG-4 
0 1.2 :t 0.7 Bactaroaacl locatloa 10-4 
0 11.7 :t 1.4 hroro- 200 ft dowattrua froa N11400, 112450 
6 1.4 :t 0 ·' Arroyo- 200 ft dowaatrua froa N11400, 112450 
0 13.2 :t 1.4 hroro- 400 ft dowaatraaa froa N11400, 112450 

' 0.2 :t o.t hr07o- 400 ft dowattrua froa N11400, 112450 
0 14.7 :t 1.1 Arroro- 600 ft dowaatreaa fr• N11400, 112450 

' o.s :t o.t hroro- fOO ft dowaatreaa boa N11400, 112450 
0 I .6 :t 1.2 Arr07o- 100 ft dowaatraaa froa N11400, 112450 
6 1.4 :t 0 ·' hroro- 100 ft dowaatreaa froa N11400, 112450 
0 0.6 :t 0.7 Arroro-1000 ft dowutraaa fr• N11400, 112450 
0 1.S :t 0.7 hrOJo-1200 ft dowutreaa froa N11400, 112450 
0 10.0 :t 1.2 hrOJo-1400 ft dowutrua fr• N11400, 112450 
2 1.J :t O.J Arro.,o-1400 ft dowutreaa froa N11400, 112450 
0 2.J :t O.t Azroro-1600 ft dowattraaa froa N11400, 112450 
0 1.6 :t 0 •• hro.,o-1100 ft dowaatreaa froa N11400, 112450 
0. 51.7 :t 2.1 Arroro- 200 ft dowutreaa froa N10600, 11200 

' 2.J :t 1.6 ArrOJo- 200 ft dowaatreaa boa N10600, 11200 
0 2.J :t 0.1 hroro- 400 ft donatraaa froa N10600, 11200 
0 0.5 :t 0.6 hr07o- 600 ft dowaatreaa froa N10600, 11200 
0 0.1 :t 0.7 Azroro- 100 ft dowaatraaa fr• N10600, 11200 
0 10.5 :t 1.3 Arr07o- 400 ft dowaatreaa froa N1005f, 112775 
6 4.1 :t 1.1 hroro- 400 ft dwaatnaa froa N1005t, 112775 

12 2.2 :t 1.0 hroro- 400 ft dowaaueaa boa N1005f, 112775 
0 4.4 :t o.t Arroro- 600 ft dowaatraaa froa N1005t, 112775 
0 15 .J :t 1.S hr07o- 200 ft donatreaa boa Nt967, 1123to 
5 2.1 :t 1.1 Azroro- 200 ft dowaatraaa froa Ntt67, 1123to 
0 t.2 :t 1.0 hroro- 100 ft dowaatreaa boa Ntf67, 1123to 

' s .s :t 1.1 Auoro- 100 ft dowutrua froa Ntt67, El2Jt0 
0 • , :t 1.4 hrOJo- 200 ft dowutreaa froa NUIO, 112510 
6 1.1 :t 0 .I £%roro- 200 ft 4owaa uua fr• NU 10, 112510 
0 7.1 :t 1.2 br07o- 400 ft dowaatraaa froa N9510, 112510 

' 0.5 :t 0 ·' hrOJo- 400 ft dowattraaa froa Nt510, 112510 
0 S.2 :t 1.0 hroro- 600 ft dowaatreaa froa Nt510, 112510 
0 2 ·' :t 0 .I Arro7o- 100 ft dowaatnaa froa Nt580, 112510 
0 1.2 :t 0.1 Arroyo- J25 ft dowaatreaa froa Nf510, 112510 
0 JJ.2 :t 1.6 Arroro- 43 ft aorth of U.S. llahway 163 (Area D) 
6 11 •• :t 1.6 Arroyo- 43 ft aorth of U.S. llakway 163 (Area D) 

• 15.1 :t 1.6 hrOJo- 4S ft aorth of u.s. llahwaJ 163 (Area D) 

• 

• 

• 



Appea4lz B 

IO~EBOL! GEOPHYSICAL LOGS AND PATA 

~o lOJJiDJ 171teaa were •sed at the lezieaa Bat, Utah, alte, a tpeetral 171tem 
..,(Compuloaaer) aad a total-oount sratea (PBS-1 IASCAL). Borehole data ~oa each 

•r•t•• are preaeated la Tables 1-1 aad 1-2, respectively. Equipmeat character
ilticl aad callbraiioa la!oraatioa are lacladed to documeat the par&aettra .sed la 
.. ta redacUoa. 

Uacertaiatlea for the total-coW~Dt sratea were calculated at a t5 perceat coafideaee 
Jevel (2~). Water waa IBCOUDttred la oal7 two bortholtlo Lo&l for all Other 
boreholes lave aa ladlcated flaid-level depth o! tt.O ft which la a default valae. 
The auaer heiaht ahowa oa each loa ladieatta the dlataaee aeaaared fro. the top of 
the auaer to the arouad aurface. 

Jadioaetrlc loa• for each of the boreholes are preaeated oa aicroflcle la the 
pocket below. The perceut alau (~) precediua data eutrlea alauiflea aa 
overflow lu the data field which occura after au appareut radium-226 
couceutratiou areater thau ttt.t l1 reached • 

• 

... 

• -
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Table 1-1 

Borebole Data froa Spectral Syatea • 
SUIPMFN'l' DATA 

JNSTIIJ)IEN'l' COMPULOGGER CASOO TBICINESS 0.1875 ia. 

GJ'O NIDIBElt 1115 CASING FACI'OI 1.238 .t 0.012 
SElliAL NUMBER 231-G3 FLUID FACI'OR 1.220 .t 0.154 

DETECI'OI NaiCn> MOISTURE FACI'OI 1.069 .t 0.007 
DE'mCI'OR SIZE 2 ia. s 6 Ia. I FACI'OR 7.00 .t 0.18 a-epa/pCi(eRa-226) 

PROBE DIAXETER 2.5 ia. BACEGROUND 21.04 :!: 3.24 opa 

BOLE DIAMETER 6.87 ia. ALPHA FACI'OI 3.0 :!: 0.3 
CALmRATION DATE 4 September 1984 

Bole Grid Coor4iDit!l llevatioa Loa Deptb 
No. North East (ft) Cft) 

BAT-014 9200 8500 4335.1 7.5 

BAT-021 8900 8200 4345.5 3.5 

BAT-022 8900 1400 4339.7 6.0 

BAT-023 8800 7900 4347.6 3.5 

BAT-026 8800 8500 4340.4 .4.0 

BAT-G29 8700 7300 4332.1 3.5 

BAT-031 8700 8200 4342.1 3.5 

BAT-035 8600 8500 4350.3 4.0 • BAT-045 8300 7500 4340.1 5.5 

BAT-047 8200 7900 4353.4 4.0 

BAT-071 10350 8150 4313.1 4.0 

BAT-073 10000 1100 4315.0 3.0 

BAT-074 9900 8000 4316.1 8.0 

BAT-075 9900 8100 4318.4 9.5 

BAT-080 9100 8200 4321.0 7.5 .. 
BAT-081 9700 8300 4323.6 11.0 

BAT-083 9600 8200 4322.4 8.0 

BAT-086 9400 8200 4328.3 18.5 

BAT-088 9300 7500 4330.1 4.5 

BAT-102 9807 9148 4312.1 5.0 .. 
BAT-103 9762 9321 4305.1. 4.0 

BAT-105 t530 .. 9647 4315.6 8.5 

BAT-110 8642 9559 4336.0 27.5. 

BAT-120 9014 8836 4331.3 8.5 

BAT-121 9163 8789 4331.2 14.0 

BAT-151 9801 9631 4305.6 5.5 

BAT-153 t999 10095 4292.2 1.0 

BAT-157 10320 10718 4268.3 ·- 9.0 

BAT-159 10223 11088 4267.7 7.0 

BAT-161 10108 11630 4233.5 12.5 

BAT-166 9199 11424 4300.7 9.0 

BAT-169 8922 11004 4295.6 9.0 

• 
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INSTRUMENT 
G1 0 N'CMBEI. 
SERIAL N'CMBEit 
J)EntTOit 
DETECI'OR SIZE 
PROBE DIAMETER 
BOLE DW!E'I'ER 

Taltll E-2 

Borehole Data fro• Total-Couat Srste• 

PRS-1 IASCAL 
C-35125 
'753 
Nai<n> 
2 Ia. a 2 la. 
2.5 la. '.1'7 la. 

EQUIPM!m' DATA 

CASING TBICINESS 0.1875 la. 
CASING FACTOR 1.555 ! 0.095 
FLUID FACTOR 1.112 ! 0.078 

• . 

MOISTURE FACTOR 1.069 ! 0.007 
I FACTOR '77.14 ! 2.24 a-cpa/pCi(eR.a-226) 
BACIGROUND 135.51 ! 94.20 cpa 
ALPHA FACI'OR 3.0 ! 0.3 
CALIBRATION DATE 04 Septemlter 1984 

Bole 
No. 

Grid Coordinates Elevatioa 
(ft) 

Loa Depth 
(ft) 

BAT-011 
BAT-012 
BAT-013 
BAT-015 
BAT-016 
BAT-011 
BAT-018 
BAT-019 
BAT-020 
IAT-021 
BAT-024 
BAT-025 
BAT-027 
IAT-028 
BAT-030 
BAT-032 
BAT-033 
BAT-034 
llAT-036 
BAT-037 
BAT-038 
llAT-039 
BAT-040 
llAT-041 
BAT-042 
BAT-043 
BAT-044 
BAT-G46 
BAT-048 
BAT-049 
BAT-G50 
BAT-G51 
BAT-G52 

North East 

9200 
f200 
f200 
tOOO 
9000 
tOOO 
tOOO 
9000 
1900 
1900 
1800 
1800 
1800 
8800 
1700 
1600 
1600 
1600 
1600 
1590 
1500 
1500. 
1400 
1400 
1400 
1400 
1400 
1300 
1185 
1200 
1200 
1200 
1000 

'7900 
1100 
1300 
'7900 
8100 
1300 
8500 
1700 
1100 
1200 
1100 
1200 
1700 
1900 
'7700 
'7900 
1100 
8400 
1700 
1900 
'7700 
1200 
'7900 
1100 
1300 
1500 
1700 
'7700 
1100 
1300 
1500 
1150 
'7900 

E-3 

4331.6 
43.U .6 
4337.6 
4342.1 
4348.9 
4342.1 
·U35.2 
4330.3 
4348.3 
4345.5 
4346.1 
4343.4 
4344.2 
4338.'7 
4355 .o 
4350.6 
4344.6 
4342.6 
·U45.1 
4 .41. '7 
4351.5 
4343 .I" 
4350.1 
4348.1 
4347.4 
4352.1 
4359.3 
4351., 
4351.6 
4354.f 
4357.4 
4352.f 
4353.2 

1.5 
1.3 
2.9 
3.1 
4.4 
2.1 

. 4.2 
2.5 
3.6 
4.4 
3.6 
1.0 
1.5 
1.0 
4.1 
2.'7 
1.0 
3.'7 
1.6 
3.1 
2.2 
2.0 
1.3 
3.9 
2.1 
2.4 
0.'7 
3.2 
2.1 
0.1 
0.3 
1.f 
3.5 



Table E-2 (contln•e4) • Bole §[id Coo[dinatll Elevation Loa Depth 
No. North· East (ft) (ft) 

BAT-053 1000 1100 4358.1 1.4 
BAT-o54 1000 1300 4351.6 3.5 
BAT-055 1800 1900 4353.2 3.5 
BAT-o56 1800 1100 4360.1 2.0 
BAT-072 10200 1100 4312.5 1.0. 
BAT-016 J800 1700 4328.4 4.3 
BAT-078 J800 1200 4321.1 4.0 
BAT-079 J100 1100 4318.6 1.4 
BAT-082 J700 1600 4332.1 2.9 

•BAT-085 J500 1200 4332.5 2.1 
BAT-087 J400 1300 4336.1 0.1 
BAT-101 9800 8990 4332.6 2.9 
IAT-104 J652 9489 4315.0 4.0 
BAT-106 9400 9769 4312.3 1.1 
BAT-107 9208 9849 4300.0 14.5 

•BAT-108 9023 9802 4315.0 2.1 
•BAT-109 8825 9720 4296.1 2.0 
•BAT-112 8299 9223 4329.5 2.1 
•BAT-113 1388 J135 4332.2 1.5 
•BAT-114 1241 1895 4329.1 3.5 
BAT-115 1442 1964 4332.9 J.5 
BAT-116 1600 9008 4336.4 1.9 • . BAT-117 1734 9097 4334.5 0.1 
BAT-118 1852 1979 4338.4 0.1 
BAT-119 J003 9074 4334.9 2.1 
BAT-122 9373 1783 4330.1 2.0 
BAT-123 J642 1775 4332.1 3.2 
BAT-124 9960 9246 4313.1 1.1 
BAT-125 10151 J290 4317.3 1.0 
BAT-152 J907 J847 4295.1 4.1 
IAT-154 10109 10340 4282.0 3.4 
BAT-155 10159 10478 4217.3 0.9 
BAT-156 10263 10614 4268.0 2.5 
IAT-158 10446 11062 4251.3 4.5 
BAT-160 10101 11416 4236 •• 3.0 

eJAT-163 Jill. 11533 4245.1 1.9 
IAT-164 9697 11614 4272.1 2.7 
BAT-165 J538 11662 4271.1 11.1 
IAT-167 J103 11372 4304.3 3.3 
BAT-168 1971 11269 4300.5 1.6 
IAT-171 1944 10732 4293.5 4.5 

•BAT-113 1903 10319 4284.5 1.3 
euT-174 1191 10249 4280.2 5.3 

*Borehole• loaae4 witho•t caaina. Data were red•ced for 
these borehole• ••ina a hole dlaaeter of 5.5 in •• a caalna 
thickness of 0 ln., and a caslna factor of 1.000! 0.000. • All other eq•lpment data were the same for all boreholes. 
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Table 1-2 (eontlnue4) 

Bole Grid Coordinate! Elnation Loa Depth 
No 1 North East (ftl .( ftl .. 

•BAT-175 1876 10100 4281.9 1.9 
•BAT-176 1728 t768 428P. 7 2.1 
•BAT-177 10105 11302 4242.0 2.5 
•BAT-178 9998 11407 4239.9 J.5 
BAT-179 10011 11622 4230.7 2.7 

•BAT-180 JJ57 11511 4237.2 4.6 

•Boreholes loaaed without easina. Data were reduced for 
these boreholes ••ina a hole diameter of 5.5 ln., a casina 
thickness of 0 in., aDd a easina factor of 1.000! 0.000. 
All other equipmeDt data were the same for all boreholes • 
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Apptadlz P 

JpU.DING-$URVEX DATA 

Tables F-1 throuah F-1 preseDt results of esposure-rate au4 alpha aelsuremeDts 
aa4e lD bul14iDJI at tbe MesicaD Bat site. Fiaures F-1 tbrou&h F-8 l4eDtlfy 
tle approstm.te locatioDs of the aeasure•eDtl. LocatloDs i4eDtifie4 by the 
letter I lD4lcatt locatioDs of PIC aeasureaents. LocatloDs l4eDtlfie4 by a 
'lack •ot followed by a aumber lu4lcatt locatloDs of alpha-au~ey aeasuremeDts • 

F-1 



Table P-1 

SurTtJ Data for Buildiaa 1/0re-Crushiaa Buildiaa • 
leasureaeat Area AJ~h• §urve~ (~~·l PIC Ez~osure-Rate ~~Rlhl 

Locatloa 8UrTIJ14 Direct Cleaa First Secoad 
No. Surface Jtuc!ina Rue! iDa 

X 3 ft/Ceater of Blda. f4.0 f3.1 
1 noor 370 345 
2 Ploor 1000 1030 
3 Floor f25 fOO 
4 Floor 395 320 
5 Floor 1400 1300 ,. Floor 1100 1400 

·' Pooter 1100 1100 
··8 Pit 800 800 

.7 
4 • 

·' • 
·' 5 

• I PIT •8 I 
X 

•z 

·' 

0 10 

Piaure P-1. Meaaureaeat Locatioaa la Buildiaa 1/0re-Crnshiaa Buildiaa • 
P-2 
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lleaaareaent 
Location 

No. 

X 
1 
2 
J .. 
5 

' ., . 
8 
J 

10 

'J'alth P-2 

SarTI7 Data for Bai14iD& 2/Sheet Metal Shop 

Area 
8DrTI714 

J ft/Ceater of B14J. 
Wall 
Floor 
Liaht Flztare 
Wall 
Floor 
Brick Wall 
Wall 
Floor 
Fuse Boz 
Wall 

-.7 

2 • _I 

0 
I 

• 3 

Alpha Survey (cpm) 
Direct Cleaa 

20 
20 
25 
eiO 
20 
"75 

x5 

4. 

Surface 

•g 

0 
2 
5 
0 .. 
0 
2 
8 
8 
0 

.a 
• 6 

101 

PIC Ezposure-Ra te ( uR/h) 
Firat Second 
leadina Jeadina 

20.7 20."7 

N. 

20 40 FEET 

Flaare F-2. •easareaent Locations la Bul14ln& 2/Sheet Metal Shop 

F-3 



Keaaureaeat 
Locatloa 

No. 

X 
1 
2 

' 4 

Table P-3 

Survey Data for Buildiaa 3/Eapty Ketal Buildlaa 

Alpha Survey (cpm) 
Direct Cleaa 

J ft/Ceater of Blda. 
Floor 13$ 
Floor 220 
Floor 140 
Floor 180 

X 

0 

Surface 

'' 40 
'70 
to 

!0 FEET 
I 

PIC !zposure-Rate (uR/h) 
Firat Secoad 
leadiaa leadias 

33.1 32.1 

Fiaure F-3. ••••ureaeat Locatioaa la Balldiaa 3/Eapty Ketal Buildiaa 

• 

• 
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Jleaa~reaeat 

Locatloa 
No. 

X J 
1 
2 
J 
4 
5 

' 7 . -

Table P-4 

l~rYIJ Data for B~i14i~l 4/Geaerator B~i14la& 

uea 
l~rYIJI4 

ft/Ce~t•r of B14a. 
Floor 
Floor 
Floor 
Floor 

Geaerator S~pport 
Generator s~pport 

Floor 
Floor 

0 
I 

41~ba lut!•I {~~ml flC Ex~osure:la~e lHBl~l 
.Direct 

100 
100 

50 
160 
120 
110 
75 

100 

X 

20 
I 

Cleaa 
Surface 

'' '' 110 
140 
140 

10 
'15 

120 

40 F6ET 
I 

Firat Secoac! 
leac!hs lead ins 

17.2. 16.0 

Fla~re F-4. Meaa~reaeat Locatloaa la B~ilc!iaa 4/Geaerator B~ilc!iaa 

,_, 

• 
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Table P-5 

laney Data for BuildiDI 5/Trade School BuildlDI • 
•u1areaeat Area Al~ha Survei ~eel fiC !x~oaure-latl ~~lhl 
Locatloa luneJed Direct Clean Firat Second 

No. Surface Jeac!ins lead ins 

X I ft/Center of Blda. 11.0 17.4 

1 noor 10 fO 
2 Ploor 55 10 
I noor 130 100 
4 Floor 55 fO 
5 - Floor 55 55 

' Floor 70 30 
7 noor '0 50 
I Floor 10 '0 
t Ploor 10 10 

10 I all 40 30 
11 Floor 55 15 
12 I all 40 35 
13 noor iO 10 
14 Floor 15 10 
15 lall (Brick) 20 20 
1f Floor 40 30 
17 Floor 10 25 • 11 I all 50 20 
1t noor 20 5 
20 Floor 50 40 
21 Ploor 15 50 
22 Floor 50 25 
23 Beater hct to 55 
24 Floor 15 15 
25 Floor tO 70 
2' Floor 10 '0 
27 noor to '0 
21 Floor fO 10 
2t no or 10 40 ' 
10 I all 10 15 

• 



~ .. 

~ 
•u 

~ Fia~• F-5. Xeas•reaent Locations in BaildiDI 5/Trade School BalldiDJ 
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•eaaureaeut 
Locatlou 

No. 

X 3 
1 
2 
3 
4 

Area 
Sun eyed 

ft/Ceuter of Blc!J. 
Floor 
Floor 
Wall 
Floor 

0 

• I 

Table F-6 

Al~ha Su[!t! {c~ml 
Direet 

X 

10 
I 

10 
35 
40 
50 

F-1 

Cleau 
SDrface 

50 
10 
20 
20 

20 FEET 
I 

• 
EIC Ex~oaure-late {yR£h} 

Firat SecoDc! 
Beac!lpr Bead ips 

11.0 18.6 

• 

' 

• 
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leaaD.reaeD.t 
Locatio• 

No. 

X 
1 
2 
I 
4 

Table P-7 

I•~•J Data for Bui14iaa 7/Scale Bo .. e 

Area 
S1LniJI4 

Alpha Survn Ccp!ll) · PIC hponn-late (uR/h) 
Direct CleaD. Firat 'SecoD.d 

I ft/CeD.ter of 114a. 
Floor 130 
Floor 260 
Floor 235 
Floor 250 

0 
l 

• 3 

X 

.. 

Surface 

210 
255 
400 
310 

10 FEET 
I 

l!!cH1ll lea dip& 

Fiaur• P-7. leaaureaeat Locatio•• lD. Bui14i•a 7/Scale Bo••• 



Tallh P-1 • lan•J Data for Bui14iaa 1/Bealth Clialc 

lfeasure•eat Area 41~ha Surve! {c~l liC gx~osure-Rate {~Rlhl 
Locatloa luneJed Direct Clean First Seco11d 

No. Surface BeacUpa Beading 

X 3 ft/Ceater of B14J. 13.'7 13.5 
1 Waitlaa loo• 40 0 
2 Dart Jon 40 1 
3 Screeaiaa looa 40 1 
4 Ezaa looa 30 0 
5 . Lall looa 30 0 

' Phamacy looa 10 0 
.'J CBN looa 20 1 
8 ABE looa #1 20 0 

' ABE loom 12 10 0 
10 ID looa 30 0 
11 A4u1 t 14. looa 20 0 
12 Sewba looa 15 0 
13 Womeaa lestroom 40 0 
14 lfe111 leatrooa 30 0 
15 ABE loom 13 30 0 
1' El looa 20 0 • 1'7 Storaae looa 25 0 
11 Puraace loom .50 0 

• 
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Appeadlz G 

JACIGBOUND MEASUBE~7 PATA 

Ta~le G-1 prtaeata aaalytical aad aeaaareeeat data o~talae4 at foar ~ackaroand 
Jocatioaa la4icate4 la Fi&are 1. ladiam, thorium, aa4 potaasiam •ala.• rtpre
aeat eqai•aleat coaceatratioaa. All eeasareeeata were aar!ace aeasareeeata. 
loll aaeplea were collected at a depth of 0 to ' ia. 
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Table G-1 

Baelaroaa• Loeatloa Aaalytleal aad lleaaareaeat Da.ta 

~gzpoeare-Ra!!_jpR/hl pelta-oa .. a R!~ Soli S!•!l• LaboralorY R•J.•ll• 

Area Readl•l 1/Readlaa 2 pCl(Ra-226) /1 Sa•ple llohtare ladlaa Thodd Potaul• 

laat. C-1114 No. ('ft) (pCl/a) (ppa) ('ft) 

C-1130 

·-1 11.5 I 11.4 2.0 ± 0.7 MilD 101 1.2 1.0 ± 1.0 '·0 ± 2.0 1.3 ± 0.4 

1.4 ± 0.7 MilD 301 o.t :!:. 1.0 t ·' :!:. 2.0 1.3 ± 0.3 

80-2b 11.7 I 11.4 1.5 ± 0.7 JII1D 213 1.4 ± 1.0 '·' ± 1.4 
1.1 ± 0.4 

0.1 :!:. 0.7 JmG 625 1.0 :!:. 1.0 5 .o :!:. 1.4 1.0 ± 0.2 

MRD 578 1.1 ± 1.0 ,., ± 1.0 1.1 ± 0.2 

10-3 10.7 I 10.9 1.1 ± 0.7 MUD 103 1.2 1.0 ± 1.0 7.0 ± 2.0 1.5 ± 0.2 

O.t :!:. 0.7 MilD 151 0.7 :!:. 1.0 1.7 :!:. 0 .o 1.4 :!:. 0.3 

ld-4 12.7 I 12.4 1.0:!:. 0.7 11110 114 3.0 2.0 ± 1.0 1.0 ± 1.0 1.5 ± 0.4 

o.t :!:. o.7 MilD 579 1.3 :!:. 1.0 '·':!:. 1.4 1., :!:. 0.4 

,. 
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02.1 FINAL RADIUM CONCENTRATIONS AND VOLUMES AT THE UPPER PILE AT MEXICAN HAT 

Pages 02-2 through 02-5 of th1s addendum present the concentrat1ons of 
each gr1d cell by row, column, and layer. Each page conta1ns two rows and all 
columns and layers for those rows. The layer by layer concentrat1ons are 
pr1nted down the page, wh1le the columns are organ1zed across the page. Pages 
02-6 and 02-7 g1ve the depths to the 15 pC1/g and phys1cal 1nterfaces, 
respect1vely. In these tables, the values are organ1zed accord1ng to row and 
column. Page 02-8 presents the volume summary and the layer by layer averages 
w1th depth 1nto the p1le . 

... 
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1AlliN6S PILE ACTIVITY ANALYSES - BY R06£R A. I€LSON 
IRRE61A.AR BOUNDARY ftODIFlCATlON PR06RM EXECUTION - TutJun 41'8515- 61 15.52.16 
t£XlCAN HAT <UPPER PILEI - HTU- ..SRD • SNL. DATA 
FILES: HTU0e!IDAT - ENTERED 5121/85 lRAHELSONl 
flLE DATA FROM l 8 b~ B ) 6RlD . 6RJD SPACING I C 160 b~ 179 b~ 2.5 ) FEET 

PAG£ NO. 

DATA ~OR ROW I 1 
DEPTH J. 1 J • 2 J. 3 J. 4 J • 5 J • 6 J • 7 J • 8 

1.1- 2.5 582 594 • 647 419 ue 
2.5- s.1 773 462 428 387 361 

5.1 - 7.5 516 513 949 326 464 

7.5- 11.1 435 515 743 757 411 

11.1 - 12.5 685 444 622 365 536 

12.5 - 15.1 655 872 584 676 73e 

15.1 - 17.5 598 842 427 361 703 

17.5- 2e.l '181 1472 480 565 619 

28.1- 22.5 816 872 928 7e5 828 

22.5 - 25.1 351 1808 ·662 941 578 

25.1 - 27.5 :us 417 

27.5 - Je • .e 215 316 

:se.1 - 32.5 290 6e5 

32.5- 35.0 777 Je 

35.1 - 37.5 
776 

• 

37.5- 41.1 
41.1 - 42.5 
42.5- 45.1 
45.1- 47.5 

DATA FOR R04ol : 2 
DEPTH J. 1 J • 2 J .. 3 J. 4 J • 5 J • 6 J • 7 J. 8 

1.1 - 2.5 417 911 419 516 127 242 432 

2.5- 5.1 489 544 671 785 ~7 496 ~3 

5.1 - 7.5 3 655 855 T.37 484 473 377 • 7.5- 11.1 522 287 609 232 636 913 

11.1- 12.5 612 926 531 665 702 581 

12.5 - 15.1 266 811 564 564 1752 1268 

15.1 - 17.5 38 575 714 957 677 

17.5- 2e.l 849 643 717 442 

28.1- 22.5 467 792 581 1167 

22.5- 25.1 713 586 1183 734 

25.1 - 27.5 681 242 874 377 

27.5- Je.l 710 739 742 436 

31.1 - 32.5 941 540 396 

32.5 - 35.1 
1715 839 

35.1 - 37.5 
1157 1225 ... 

37.5 - 4e.l 
612 776 

41.1 - 42.5 
42.5 - 45.11 
45.11 - 47.5 

• 
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PAGE NO. 2 

DATA FOR ROW I 3 

• DEPTH J. 1 J • 2 J. 3 J. 4 J • 5 J • 6 J. 7 J • 8 •. 
1.1 - 2.5 633 1434 327 312 180 212 1118 

2.5 - 5.1 478 1248 882 • ~9 746 384 808 

5.1 - 7.5 455 1~ 4HI 436 237 835 580 

7.5- se.1 141 1173 767 t94 856 1841 824 

11.1 - 12.5 689 1131 4e5 574 884 'ie9 

12.5- 15.1 14 314 674 552 56e 626 

15.1 - 17.5 152 515 757 883 771 

17.5- 2e.l 597 911 946 642 

21.1 - 22.5 342 ft9 t91 

22.5- 25.1 1115 626 1124 

25.1 - 27.5 766 1171 490 

27.5- Je.l 813 '"2 
:se.1 - 32.5 715 

32.5 - ~.1 1597 

35.1 - 37.5 645 

37.5 - 41.1 
..e.1 - 42.5 
42.5 - 45.1 
45.1- 47.5 

DATA FOR ROW : 4 
DEPTH J • 1 J .. 2 J. 3 J .. 4 J .. 5 J • 6 J .. 7 J • 8 

1.1 - 2.5 292 1184 316 231 182 158 

2.5 - 5.1 1488 1397 213 394 327 284 

5.1 - 7.5 736 214 274 218 317 326 

• 7.5- 11.1 171 415 961 1517 804 810 

11.1 - 12.5 211 684 1189 787 734 

12.5- 15.1 342 636 652 793 

15.1 - 17.5 1105 672 1664 526 

17.5 - 2e.l 39 961 924 552 

2t.l- 22.5 278 768 836 917 

22.5- 25.1 1116 825 924 

25.1 - 27.5 805 1224 1145 

27.5- Je.l 278 743 450 

31.1 - 32.5 Je2 474 

32.5 - 35.1 
398 

35.1- 37.5 
83 

37.5 - 41.1 ... 

.a.e - 42.5 
42.5 - 45.1 
45.1 - 47.5 

• 
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DATA FOR ROW I 5 
DEPTH J • l J • 2 J c J J • 

11.1 - 2.5 430 851 
2.5- 5.1 236 231 
5.1 - 7.5 415 415 
7.5 - 111.1 

11.1 - 12.5 
12.5 - 15.1 
15.1- 17.5 
17.5 - 20.1 
21.1- 22.5 
22.5- 25.1 
25.1 - 27.5 
27.5 - ~.1 
31.1- 32.5 
32.5 - 35.1 
JS.I - 37.5 
37.5- 41.1 
41.1 - 42.5 
42.5 - 45.1 
45.1 - 47.5 

DATA FOR ROW : 6 
DEPTH J • 1 J • 2 J • J J • 

1.11 - 2.5 
2.5- 5.1 
5.11 - 7.5 
7.5- 11.1 

11.1 - 12.5 
12.5- s~.e 

15.1 - 17.5 
17.5- 20.11 
21.1 - 22.5 
22.5- 25.1 
25.1 - 27.5 
27.5- 3e.l 

. 31.1 - 32.5 
32.5- JS.I 

4 J • 5 J c 6 J c 7 J • B 

325 315 118 
3e6 24'i 239 
365 214 526 
373 1664 5~2 

J7J 514 926 
974 682 924 
215 895 1529 

11 1136 1914 
391 1131 

l1 12Ci4 
276 

4 J. 5 J • 6 J • 7 J • B 

719 171 128 

206 187 137 
373 1191 94~ 

263 533 1153 

130 596 1365 

582 771 597 
113 881 

412 

35.1 - 37.5 ~ 
37.5 - 41.1 
41.1 - 42.5 
42.5- 45.1 
45.11- 47.5 
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DATA FOR ROW I 7 
DEPTH J • 1 J • 

1.1 - 2.5 

2 ; • 3 J • 4 J .. 5 J .. 6 J c 7 J • 8 
m 64 121 

•. 130 214 295 
126 230 588 
17 130 642 

1m 1~1 

342 515 

2.5- 5.1 
5.1 - 7.5 
7.5 - 11.1 

11.1 - 12.5 
12.5 - 15.1 
15.1 - 17.5 
17.5- 20.1 
21.1 - 22.5 
22.5 - 25.1 
25.1 - 27.5 
27.5- Je.l 
Je.l - 32.5 
32.5- 35.1 
35.1 - 37.5 
37.5- 41.1 
41.1 - 42.5 
42.5- 45.1 
45.1- 47.5 

DATA FOR ROW I 8 
DEPTH J c 

1.1- 2.5 
2.5 - 5.1 
5.1 - 7.5 
7.5 - 11.1 

11.1- 12.5 
12.5- 15.1 
15.1 - 17.5 
17.5 - 20.1 
21.1 - 22.5 
22.5- 25.1 
~.1 - 27.5 
27.5 - :se.1 
Je.l - 32.5 
32.5- 35.1 
35.1 - 37.5 
37.5- 41.1 
41.1 - 42.5 
42.5- 45.1 
45.1 - 47.5 

1 J .. 2 J • 3 J • 4 J • 5 J c 6 J .. 7 J • 8 
263 
1Je 
678 

17 
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PAGE NO. 5 

DEPTHS TO 15 pCi/g INT£RFACE TABLE 

J. 1 J • 2J• 3 J. 4 J • 5 J. 6 J • 7 J • 8 

J • 1 23.4 24.8 23.1 35.8 35.5 • 
J • 2 7.5 14.4 15.5 27.8 31.2 39.3 39.8 

J • 3 8.9 13.7 17.5 18.3 29.5 35.6 26.8 

J • 4 18.8 1e.e 22.8 28.8 31.8 36.8 

J • ' 6.9 6.8 19.8 24.1 25.8 

J • 6 16.9 19.5 14.0 

J • 7 e.8 13.8 14.2 

J • B 
9.1 

• 

• 
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PA6£ NO. 6 

DEPTHS TO PHYSICAL INTERFACE TABLE 

• J • 1 J • 2 J. 3 J. 4 J • 5 J. 6 J. 7 J. 8 

J • 1 21.6 23.11 21.3 JJ,II 34.6 

I • 2 5.5 12.6 15.11 26.11 29.4 37.5 38.11· • 

J • 3 7.1 12.2 15.7 16.5 27.7 JJ.B 25.11 

J • 4 9.11 8.5 19.11 27.11 Je.ll 35.8 

J • 5 5.1 3.9 17,8 22.11 24.8 

J • 6 15.1 17.6 1::?.5 

J • 7 . 7.11 12.11 12.4 

J • B 7.3 

• 

• 
02-7 



PAGE NO. 7 

DEPTHS FROI'I PHYSICAL TO 15 pCi/t JN'T[RFACE TABlE 

J. 1 J • 2 J. 3 J. 4 J • 5 J. 6 J. 7 J. 8 

I • 1 1.8 1.8 1.8 2.1 1.9 ·. • I • 2 2.1 1.8 e.5 1.8 1.8 1. 8 1. 8 .... 
-~ 

I • 3 1.8 1.5 1.8 1.8 1. 8 1.8 1.8 

I • 4 1.8 1.5 3.1 1.8 1.8 1. 8 --

I • 5 1.8 2.1 2.8 2.1 1.8 

J • 6 1.8 1. 9 1.5 

I • 7 1.8 1.8 1.8 

J • 8 1. 8 

AeOV£ PHYSICAL INTERFACE ABOVE 15 pCi/g INTERFACE 

TOTAL VOL~ Ccvl 763580 834528 

TOTAL VOLUME Cft3l 2.16167E+07 2.2532~£+07 

DEPTH Cft l 19.4556 21.2633 

TOTAL ACTIVITY CCil 561.087 597.203 

AVERAGE ACTIVITY CpCi/gl 641.322 623.904 

AVERAGE DEPTH FR~ PHYSICAL INTERFACE TO 15 pCi/t INTERFACE IS 1.80769 FEET CIASED ON 13 YALUESl • 
AVERAGE PILE ACTJYJTY PROfiLE 

DEPTH MOVE PHYSICAL INTERFACE AeOVE 15 pCi/g INTERFACE TOTAL PILE 

cnt YOLVI'IE ACTIVITY YOLVI'IE ACTIVITY YOLUI'I£ ACTIVITY 

e.e - 2.5 98tl19 430 98t119 430 9Bt119 430 

2.5 - 5.1 96t~2 479 98t119 476 98t119 476 

5.1 - 7.5 89tb33 513 '15t899 487 ftt119 485 

7.5 - 11.1 79t556 712 86t785 665 98t119 592 

11.1 - 12.5 75t896 719 77t76e 718 98,119 576 

12.5 - 15.1 63t751 728 71t67B 087 ' IPih 119 523 

15.1 - 17.5 54t~2 775 68t~9 71B 9ih 119 453 

17.5 - 2e.l 46t779 782 53t151 715 98ttl9 407 

2e.ll - 22.5 42t324 77B 47t2e3 756 98d19 373 

22.5 - 25.11 33t944 869 4lt 121 837 98t119 372 

25.1 - 27.5 27tl49 72e 311945 694 98ttl9 244 

27.5 - 31.1 21·791 577 25•158 584 98t119 184 

31.1 - 32.5 15t911 ~3 19t 111 512 98t119 127 

32.5 - 35.1 12tll92 869 15• 911 893 98t119 157 

35.11 - 37.5 5t314 1191 Bt396 871 98t119 us 

37.5 - 4e.l 530 776 4·365 714 98t119 52 

41.1 - 42.5 I I I I 981119 15 

42.5 - 45.1 I II I II 98.119 15 

• 
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02.2 FINAL RADIUM CONCENTRATIONS AND VOLUMES AT THE LOWER PILE AT MEXICAN HAT 

Pages 02-10 through 02-17 of th1s addendum present the concentrat1ons of 
each gr1d cell by row, column, and layer. Each page conta1ns one row and all 
columns and layers for that row. The layer by layer concentrat1ons are pr1nted 
down the page, wh1le the columns are organ1zed across the page. Pages 02-18 
and 02-19 g1ve the depths to the 15 pC1/g and phys1cal 1nterfaces, 
respect1vely. In these tables, the values are organ1zed accord1ng to row and 
column. Page 02-20 presents the volume summary and the layer by layer 
averages w1th depth 1nto the p1le . 
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TAILINGS PILE ACTIVITY ANALYSES - BY ROGER A. NELSON 
JRREGII ... AR BOUNDARY ftODIFICATION PROGRAM EXECUTION- TutJun 41985155 61 16.14.54 
t£XlCAN HAT CLOWER PILEI - HTL - PISRD • ~ DATA 
FILES: HTL801/DAT - ENTERED 5/22/85 CRANELSONI 
FILE DATA FR~ ( 8 bw 12 J 6R1D 6RlD SPACING t ( 149 bw 171 bw 2.5 ) FEET 

PAGE NO. 1 

. 
DATA FOR ROW t 1 

DEPTH J • 1 J • 2 J • 3 J • 4 J • 

.. 
5 J • 6 J. 7 J • 8 J. 9 J. 11 J. 11 J • 12 

1.1 - 2.5 
2.5 - 5.1 
5.1 - 7.5 
7.5 - se.1 

11.1 - 12.5 
12.5 - 15.1 
15.1 - 17.5 
17.5 - 2e.l 
21.1- 22.5 
22.5 - 25.1 
25.1 - 27.5 
27.5- 31.1 
31.1 - 32.5 
32.5- 35.1 
35.1 - 37.5 
37.5 - 4B.B 
41.1 - 42.5 
42.5 - 45.1 
45.1 - 47.5 
47.5 - 5e.l 
51.1 - 52.5 
52.5 - 55.0 
55.1 - 57.5 
57.5- 6e.0 
6e.B - 62.5 

263 
671 
269 
379 
413 
6e9 
784 

1235 
163 

02-10 

608 280 
492 227 
263 218 
671 278 
269 388 
379 ~~ 

323 314 
416 932 
513 269 
745 379 

9 242 
223 
221 
254 

9 

278 314 254 
252 932 213 
261 269 298 
278 379 244 
388 278 42 

m 194 
314 2b0 
932 223 
269 23 
379 
266 
2e4 
.247 
233 

18 

• 

• 
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DATA FOR ROt! : 2 
DEPTH J • 1 J • 

••• - 2.5 
2.5- 5.1 

'·' - 7.5 
7.5- 11.1 
tl.l - 12.5 
12.5 - 15.1 
15.1 - 17.5 
17.5- 21.1 
2e.l - 22.5 
22.5 - 25.1 
25.1 - 27.5 
27.5- Je.l 
Je.l- 32.5 
32.5 - 35.1 
35.1- 37.5 
37.5- •e.e 
.e.e - 42.5 
42.5- 45.1 
45.1 - 47.5 
47.5 - 5e.e 

"·' - 52.5 
52.5- 55.1 
55.1 - 57.5 
57.5- 68.1 
68.1 - 62.5 

PAGE NO. 2 

4 J. 5 J • 6J• 7J• B J • q J. 11 J • 11 J • 12 -
493 ~47 980 541 388 233 719 559 

. 353 673 659 850 275 239 667 300 

699 211 ~~ 666 277 225 491 224 

643 411 319 547 304 247 680 255 

314 381 388 355 347 ~1 769 2~ 

196 379 ~~ 388 388 273 572 

22 563 314 ~· 
~~ 253 254 

745 932 3i4 314 Je4 359 

787 269 ~32 932 347 355 

822 379 269 269 742 280 

22 413 379 Jel 541 232 

689 511 Jel 432 
784 639 175 764 

1235 590 222 254 

233 757 201 254 
157 4 254 

213 
~8 

244 
42 
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PAGE NO. 3 

DATA FOR ROW I 3 
DEPTH J • 1 J • 2 J. 3 J. 4 J • 5 J • 6 J = 7 J • 8 J. '~ J • 10 J • 11 J • 12 •• • 1.1 - 2.5 611 763 762 1680 1926 1255 883 913 m 571 

2.5 - 5.1 404 443 • 977 140~ 1339 774 663 749 276 m 

5.1 - 7.5 529 326 ,22 419 1329 &8 460 630 274 203 

7.5 - 11.1 232 tees 493 392 407 830 1312 1061 271 330 

11.1 - 12.5 123 1128 326 659 833 591 357 543 228 212 

12.5- 15.1 980 912 767 531 416 5eci 397 229 24~ 

15.1 - 17.5 692 1149 381 263 399 740 491 567 119 

17.5 - 20.1 22 314 379 671 m 627 513 719 

2VJ,I - 22.5 196 699 269 314 647 253 667 

22.5- 25.1 22 643 379 932 765 Je4 491 

25.1 - 27.5 
314 762 269 449 420 680 

27.5 - :se:1 
196 880 379 416 719 769 

31.1- 32.5 
22 1262 871 742 1167 572 

32.5- 3~.1 
1136 1m 541 491 5~9 

35.1 - 37.5 
457 771 432 680 360 

1414 764 769 224 
37.5- 41.1 457 602 572 255 
.e.1- 42.5 849 78~ 229 
42.5 - 45.1 849 505 
45.0 - 47.5 649 542 
47.5- 51.1 290 341 
51.0 - 52.5 399 425 
52.5- 55.e 232 
5~.1 - 57.5 
57.5 - 61.1 
ce.1 - 62.5 • 

... 

• 
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PAGE NO. 4 

• DATA FOR ROW z 4 
DEFTH J • 1 J • 2 J. 3 J. 4 J • 5 J • 6 J. 7 J. 8 J. 9 J. 11 J • 11 J = 12 

e.e - 2.5 468 611 393 ~0 1~37 2172 1~2 980 614 567 712 203 

2.5- 5.1 413 4e4 326 561 • 1175 1~ 1730 1205 1195 719 567 330 

5.1 - 7.5 123 528 1NB 393 1131 1588 1295 676 843 759 719 ·210 

7.5 - 11.1 232 91l 326 805 763 1598 451 J!)5 669 667 234 

11.1 - 12.5 123 920 1207 4~2 1418 1340 1189 796 582 491 9 

12.5 - 15.1 621 1165 326 745 1118 1126 '195 633 567 

15.1 - 17.5 254 1117 997 482 2148 1162 917 423 571 

17.5 - 20.1 816 1472 678 912 1142 6'f3 702 ~0 

20.1 - 22.5 204 868 847 851 855 492 567 622 

22.5- 25.0 639 1100 932 717 670 719 544 

25.1 - 27.5 22 1176 932 792 716 667 430 

27.5- Je.l 
867 440 966 444 41f1 430 

Je,l - 32.5 
535 1385 854 792 680 ~1 

32.5- J!).l 
547 1541 966 769 

JS.I- 37.5 
532 1366 854 572 

1448 1304 1219 
J7.5 - 40.0 1371 892 414 
.e.1 - 42.5 468 13~ 328 
42.5 - 45.0 943 348 
45.1- 47.5 486 428 
47.5 - 51.0 
se.1- 52.5 
52.5- 55.e 
ss.0 - 57.5 • 57.5 - ~.e 
61.1 - 62.5 

• 
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DATA FOR ROW I 5 
DEPTH J • 1 J • 

1.1 - 2.5 .01 
2.5- 5.1 123 
5.1 - 7.5 
7.5 - 11.1 

11.1 - 12.5 
12.5 - 15.1 
15.1 - 17.5 
17.5 - 21.1 
21.1 - 22.5 
22.5 - 25.1 
25.1 - 27.5 
27.5 - ~.1 
:se.1 - 32.5 
32.5 - 35.1 
35.1 - 37.5 
37.5 - 41.1 
41.1- 42.5 
42.5- 45.1 
45.1 - 47.5 
47.5- 51.1 
51.1 - 52.5 
52.5- ss.e 
55.1 - 57.5 
57.5- 6e.l 
61.1 - 62.5 

PAGE NO. 5 

2 J. 3 J. 4 J I: 5 J = 6 J I: 7 J • 8 J • ' J = 11 J I: 11 J = 12. 

1416 553 1261 1851 1~4 812 792 6J7 768 332 

1164 ~7. 1517 2220 1631 619 966 712 618 275 

1306 1166 519 1898 1825 1174 854 567 538 259 

1263 867 471 2148 1142 1831 851 671 567 258 

385 369 553 1131 1200 785 596 716 571 8 

• 
199 1365 917 1341 1712 1125 444 ~~ 

1456 827 1149 1142 1518 60B 732 

1244 1147 1117 348 275 747 m 
980 1778 953 633 555 420 

13 1424 1224 971 913 454 

1351 1Je.J 1167 1449 26b 
531 1493 863 1124 

1215 1389 1141 
1148 1481 782 

1271 
1167 

"' 

• 

• 
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• DATA FOR ROW I 6 
DEPTH ,J • 1 J • 2 J • 

• 

• 

t.l - 2.5 
2.5- 5.1 
5.1 - 7.5 
7.5 - 11.1 

18.1 - 12.5 
12.5- 15.1 
15.1 - 17.5 
17.5- 21.1 
21.111 - 22.5 
22.5 - 25.1 
25.1 - 27.5 
27.5- Je..8 
Je.l - 32.5 
32.5- 35.1 
35.1 - 37.5 
37.5 - 41.1 
41.8 - 42.5 
42.5 - 45.1 
45.8 - 47.5 
47.5 - 5111.1 
5111.111 - 52.5 
52.5- 55.1 
55.8 - 57.5 
57.5 - 6e.8 
61.1 - 62.5 

PAGE NO. 6 

3 J. 4 J • 5 J • 6 J • 7 J • B J • 9 J • 11 J • 11 J • 12 ~ 

'"9 1412 902 n7 348 692 484 325 312 

1645 • 1780 181i3 874 633 458 590 637 m 

1231 1524 1926 1856 1149 n8 65111 n2 m 
1136 779 2129 1413 1477 7e3 742 790 263 

1182 1222 1571 1434 1131 861 6& 455 

560 1442 1420 1236 972 387 516 537 

1235 1Je4 386 1112 779 71!3 

1135 1858 1132 773 385 

13 1452 1114 1254 73111 

1647 411 1214 6B7 

1547 489 1136 

122111 
,26 

531 363 
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DATA FOR ROW I 7 
DEPTH J • 

1.1 - 2.5 
2.5- 5.1 
5.1 - 7.5 
7.5 - 11.1 

11.1 - 12.5 
12.5- 15.1 
15.1 - 17.5 
17.5- 2e.l 
21.1 - 22.5 
22.5 - 25.1 
25.1 - 27.5 
27.5- 38.1 
31.1 - 32.5 
32.5- JS.I 
35.1 - 37.5 
37.5 - 40.8 
.e.1 - 42.5 
42.5- 45.0 
45.1 - 47.5 
47.5 - se.e 
50.1 - 52.5 
52.5 - 55.1 
55.1 - 57.5 
57.5- 6e.B 
611.1 - 62.5 

1 J • 

PAGE NO. 7 

2 J. J J. 4 J • 5 J • 6 J c 7 J • B J c 9 J • 11 J. 11 J • 12 • 57 1229 253 927 544 351 523 521 364 434 • 

14~7 547 12'7:1 use 740 98~ 569 512 32~ 

895 urn 1522 2143 1~32 126~ 831 438 545 

1388 828 1~53 24~2 1575 621 1527 2327 

1202 1657 1274 7~5 96~ 1252 1753 

1680 1568 111i2 sese 824 1778 228 

948 1443 1886 14e3 911 113q 

772 1564 1622 1112 533 

1758 1470 1429 

1435 28 1~ 

431 

• 

• 
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PAGE NO. B 

DATA FOR ROW I 8 . tilt DEPTH J • 1 J • 2 J • 3 J • 4 J • 5 J • 6 J • 7 J • 8 J • 9 J • 10 J • 11 J • 12 • 
1.1 - 2.5 1497 1J3B 1584 1980 393 744 1118 

tilt 

• 

2.5- 5.1 
5.1 - 7.5 
7.5 - 11.1 

11.0 - 12.5 
12.5- 15.1 
15.1 - 17.5 
17.5- 21.1 
21.1 - 22.5 
22.5 - 25.1 
25.1 - 27.5 
27.5- Je.e 
Jl,l - 32.5 
32.5- 35.1 
35.1 - 37.5 
37.5-40.1 
41.1 - 42.5 
.2.5 - 45.1 
45.1 - 47.5 
47.5 - se.e 
51.1 - 52.5 
52.5 - 55.0 
55.1 - 57.5 
57.5- 11e.0 
.e.e - 62.5 

476 1682 
795 

1948 • 1J.49 322 1592 1582 
1281 1923 364 2172 1952 

2125 745 28 37 
1814 2194 
847 17~ 

~ 

847 

' 
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PA6E NO. 9 

OEPTHS TO 15 ,Ci/11 INTERFACE TA8LE 

J. 1 J • 2 J. 3 J. 4 J • 5 J. 6 J • 7 J. 8 J. 9 J • te J • 11 J • 12 • . . 
l • 1 21.6 26.6 37.1 36.6 21.6 11.6 

1 • 2 16.6 27.5 36.6 38.2 39.1 48.8 26.6 11.6 

1 • 3 11.6 19.8 23.2 31.2 36.3 41.7 56.1 54.1 42.6 16.6 

l • 4 6.1 12.1 15.1 21.6 25.6 31.8 35.6 44.2 47.9 48.6 31.8 u.e 

1 • 5 2.6 11.1 13.5 22.8 27.6 35.1 41.1 19.6 34.1!1 26.6 11.5 

1 • 6 13.8 21.1 31.6 16.3 24.8 13.1 26.1 31.6 9.9 

I • 7 1.8 6.1 16.6 18.4 26.5 23.6 23.1 e.e 2e.l!l 14.8 

J c: 8 3.9 7.1 6.6 15.1 1e.e 9.1 9.1 

• 

• 
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PA6E NO. 10 

DEPTHS TO PHYSICAL. INTERFACE TABLE 

J • l J • 2J• 3 J. 4 J. 5 J • 6 J. 7 J. 8 J. 9 J • te J • 11 J • 12 

• I • l 2e.e 25.e JS.e JS.e 2e.e se.e 

J • 2 15.e 25.9 JS.e 36.6 37.e 47.e 25.0 10.e 

I • J 1e.e 18.2 22.e ~.6 34.7 4e.1 54.5 52.5 41.e 15.e 

J • 4 4.5 11.6 13.5 2e.e 24.e 29.2 34.e 42.6 46.3 47.e ~.2 1e.e 

J • 5 1.e 9.4 11.5 21.2 26.e 3J,4 39.5 18.e 32.4 25.e se.7 

I • 6 12.2 19.5 29.e 14.7 23.2 11.4 24.5 29.0 8.3 

I • 7 e.2 4.5 s5.e 16.8 25.e 22.e 22.2 7.2 18.4 13.2 

J • 8 2.4 5.4 5.0 13.0 15.1 7.5 1.e 

• 

' 

• 
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PA&£ NO. 11 
DEPTHS FROI'I PHYSICAL TO 15 pCi/t INTERFACE TABL£ 

J• 1 J.• 2J• 3 J. 4 J. 5 J. 6 J. 7 J. 8 J. 'J. 11 J. 11 J • 12 

J • 1 1.6 1.6 2.1 1.6 1.6 1.6 • .. 
J • 2 1.6 1.6 1. 6 1. 6 2.1 1.8 1. 6 1.6 

J • 3 1.6 1.6 1.2 1.6 1.6 1.6 1.6 1.6 1.6 1.6 

J • 4 1. 6 1.4 1. 6 1.6 1.6 1.6 1. 6 1.6 1.6 1. 6 1.6 1.1 

J • 5 1.6 1.6 2.1 1.6 1.6 1.6 1.6 1.6 1.6 1. 6 1.8 

J • 6 1.6 1.5 1. 6 1.6 1. 6 1. 6 1.6 1. 6 1.6 

J. 7 1.6 1.6 1.6 1.6 1.5 1.6 I.B 1.6 1.6 1. 6 

J • 8 1. 6 1.6 1.6 2.1 2.9 1.6 2.1 

ABOVE PHYSICAL INTERFACE ABOVE 15 PCi/t INTERFACE 
TOTAL YOLU11E Ccrl 1.51524E•B6 1.623E+06 
TOTAL VOLUME Cft3> 4.19116E•B7 4.J8.211E•07 
DEPTH Ut > 21.m9 23.5001 
TOTAL ACTIVITY CCil 1366.28 1420.96 
AVERAGE ACTIVITY CpCi/tl 786.129 763.Je4 

AVERAGE DEPTH FRO!'! PHYSICAL INTERFACE TO 15 pCi/t INTERFACE IS 1.56429 FEET CBASED ON 14 VALUESl • 
AVERAGE PILE ACTIVITY PROfiLE 

DEPTH ABOVE PHYS I CAL J NTE RF ACE AEOVE 15 pCi/t INTERFACE TOTAL PILE 
en> VOLUME ACTIVITY YOLM ACTIVITY YOll-'£ ACTIVITY 

1.1- 2.5 168t492 788 171t525 780 172•219 777 
2.5 - 5.1 164t198 &0 l66t5J7 857 l72t219 833 
5.1 - 7.5 155t337 835 161tl53 838 172t219 Bel 

7.5 - 11.1 146t457 837 152t584 816 172t219 729 
11.1 - 12.5 129t66e &e8 1~t339 771 " 172t219 631 
12.5 - 15.1 117t345 785 125·129 771 172t219 573 
15.1 - 17.5 113t237 784 lllt798 764 172t219 512 
17.5 - 20.1 t5tB77 751 112t804 733 172t219 457 
20.1 - 22.5 82t476 753 19et3e2 721 172t219 387 
22.5 - 25.1 72t379 739 77t657 713 172t219 JJe 
25.1 - 27.5 S6tl54 786 66t326 654 172t219 270 
27.5 - 31.1 51t486 631 54t321 643 172t219 229 
31.1 - 32.5 42t371 m 4lul71 761 172t219 231 
32.5 - 35.1 37t369 761 41t454 769 172t219 2e1 
35.1 - 37.5 24t63e 691 32t516 583 172t219 132 
37.5 - 41.1 2et761 946 23t275 872 172·219 132 
41.1 - 42.5 15t181 651 l9tl77 576 172.219 Be 
42.5 - 45.1 Ut891 7Je l3t427 699 172t219 73 • 45.1 - 47.5 9t72e 563 lit 796 578 172t219 57 
47.5 - 51.1 4t71B 596 7t293 471 172t219 42 
~e.e - 52.5 4t718 311 4t718 311 172t219 23 
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Table 03.1 Faults 1n the Mex1can Hat s1te reg1on, source, method of study, and comments 

Exam1ned b~: 

Fault/ Low-sun-angle 
11neament Aer1al Aer1al Ground 
number Source recon. recon. recon. Comments 

1 W1tk1nd and others, 1957 X X Shorter than mapped. No 
late Quaternary offset. 

2 th1s study X X Not faulted - 11neament 
from exposure by eros1on 
of res1stant strat1graphy. 

3 Hackman and Wyant, 1973 X X No Late Quaternary offset. 
4 Cooley and others, 1969 X No late Quaternary offset. 
5 Haynes and Hackman, 1978 X No Late Quaternary offset. 

Cl 6 Haynes and Hackman, 1978 X No late Quaternary offset. 
c.J 1 Hackman and Wyant, 1973 X X No Late Quaternary offset. 
I _. 

8 Hackman and Wyant, 1973 
and th1s study X X No Late Quaternary offset. 

9 Cooley and others, 1969 X X X No late Quaternary offset. 
10 Hackman and Wyant, 1973 X X X No late Quaternary offset. 
11 Cooley and others, 1969 

Hackman and Wyant, 1973 X X No Late _Quaternary offset. 
12 Hackman and Wyant, 1973 X X No late Quaternary offset. 
13 Hackman and Wyant, 1973 

Haynes and Hackman, 1978 
th1s study X X X No Late Quaternary offset. 

14 th1s study X X No Late Quaternary offset. 
15 Hackman and Wyant, 1973 

Haynes and Hackman, 1978 
Cooley and others, 1969 X X No Late Quaternary offset. 

16a Haynes and others, 1972 X X X No late Quaternary offset. 
16b Haynes and others, 1972 X X No late Quaternary offset. 
11 Haynes and others, 1972 X X X No Late Quaternary offset. 
18 Haynes and others, 1972 X X No Late Quaternary offset. 
19 Cooley and others, 1969 

Hackman and Wyant, 1973 X X No Late Quaternary offset. 



Table 03.1 Faults in the Mexican Hat sHe region, source, method of study, and comments (Concluded) 

Examtned b~: 

Fault/ low-sun-angle 
lineament Aerial Aer1al Ground 
number Source recon. recon. recon. Comments 

20 Cooley and others, 19&9 
Hackman and Wyant, 1973 X X No late Quaternary offset. 

21 Cooley and others, 19&9 
Hackman and Wyant, 1973 X X No late Quaternary offset. 

Cl 22 this study X X X Not a fault - dike emplace-
w ment. 
I 
N 23 Haynes and others, 1972 

and this study X X X Excavated scarps in res is-
tant Rico Fm. 

24 this study X X X Excavated scarps in res1s-
tant R1co Fm. 

25 th1s study' X X Poss1ble Quaternary dis-
placement but probably 
eros1on-exposed fault line. 
Not cr1t1cal as length is 
only about 12 km (7.5 mi) . 

• • • 



•au. ~MITH 
.e 03.2 

0! C8. zo~-K~ U!:%US OF ME N HAT, UT, 37.13 N, 109.8!1W Ci~:41:1JO 
J:~v!NT, H&US1t%NS & !!CKWHH 

N~DC EARTHOUil! DATI FILE . 
SOUIC! DATE TIN! LOCATION DEPTH ---------·MAGNITUDES---------- lNT F•! ce Q/N OlSTANC! Ylt MO 01 Hit MN SEC LIT LONG ltM Mb "• OTheR LOCAL .... liTSVND ltH . 

1967 05 oa ,, 31 Z!.4 37.7 ... 11C.Z " ~~ • 471 USilC • 69 
'0! 1981 09 10 07 55 09.lU 37.511N 11C.542W 7G 3.1 HL SLC 475 7 7Z , ••• ,!)! 1967 05 oa 19 ]1 28.5• 37. 7HN 11c.a'w ~lN 471 5 73 
'DE 1971 \15 01 DZ 11 20.4 l6.~01t: 11i:.t.31W 5G 2. .. L NOS 405 7 79 
'D! 1971 Ol 14 111 14 12.2• )6.47:!N 11J.4l1W 5G 2.2 HL NO~ 41!'5 5 ea 
'DE 197] 02 09 17 l!! !7. • 36.43 N 110.42511 5:; 3.2 ML !:RL 405 6 ;2 

1• .. USN 197] 02 09 17 33 ]7. 36.4 t: 11C.4 .. 5 49, • 9! 
ISS 19]1 07 28 08 39 06. 36.4 N 111. w 495 129 POE 1979 04 30 02 07 10.3U 37.1183N 111.01611 7 l.! ML GS IV 478 F 21 1]1 
USN 1894 02 OS 03 30 37.1 lie 111.4 w u 478 G 1!5 
USN 1194 02 06 15 17.1 N 111.4 w IJI 471 G 135 USN 1935 10 06 03 37.6 N , 1.3 w IV 4111 G 136 
USN 196] 09 ]0 09 17 40.3 l!. N 111. w 1S 478 c ne 
'0! 1941 02 211 06 19 48. l7 .8 h 108.5 w 479 14] 
'0E 198] 05 Ol 12 43 l8.1U H.2!8N 11~.592W 7G 3.2 3. ~l SLC 478 24 143 
POE 1966 Ol 24 20 10 59.3 36.! N 10~.3 w 5 496 6 145 

l•••USN 1966 (i] 24 20 10 59.3 36.8 N 10'i.3 w 5 496 c 1U 1•••STO 1966 Ol 24 20 10 59.lG 36.11 N 10~.3 w 5 496 Cl 145 ,Di: 1966 C9 09 17 43 . 58.4 )6.7 N 1011.3 " l3 1t96 5 ,.., 
1•••S TO 1966 0~ 09 17 4] 511.4G ]6.7 N 10~.! w ll 4'06 ex 1411 POE 1967 02 01 20 15 19.3• 3!.47 N 109.~29W 5C 3.8 478 6 1U 

USN 1955 03 27 12 1l 311.1 N 111.1 w IV 478 " 15l 
c STO 1964 01 17 22 00 42.1G 36.71 N 1011.25 w ]] 496 ex 152 

·W 1•••USN 1967 02 01 20 15 19.3 ]8.5 N 109.9 w 5 3.8 IV 47a • 152 I 
·w EQH 1912 C! 111 21 12 z ]6.5 N 111.5 " YII , 495 D 160 1•••USN 1912 08 18 21 12 36.5 N 111.5 w Y£!1 405 " 160 USN 1950 01 17 oc 5l 35.7 H 10~.6 " Yl 495 G H1 

USN 1896 10 , 14 3e.4 N 11o.a " It 478 ' Hl Z•••USN 1970 02 Ol 05 59 35.6 ]7 .9 N 108.3 " ll 4. ' 479 • 164 POE 1970 02 0] 05 59 35.6• 37 .918N 108 .l11" llN 4. 479 5 1!14 
1•••STO 1970 02 03 05 59 35.6G. 37.92 N 10!1.31 w ]3 4. 479 c 1H 

!QH 1910 09 24 04 05 z }6. N 111.1 " yt 495 , 1B 
1••·u~N . 1910 09 24 04 05 ]6. N 111.1 w Yltl 495 G 166 

USN 1943 08 14 04 40 le. 2 N 111.3 w 4711 G 17l 
1•••USN 1970 04 18 .10 42 11.9 37. ~ N 111.6 " 10 4.4 y 47iJ • 174 

'DE 1970 04 111 10 42 11.9 37 .eHN 111.o45W 1Cii 4.4 47! 10 176 
! •••STO 1967 02 12 10 11 52.4G 37.67 N 10£. w 5 479 ' 177 

POe 1967 02 12 10 11 52.4 37.673N 1011.002W 5G 479 ' 177 POE 1971 12 15 12 5! 14.5• 36. 7?1N 111.J24W 5G 3. ML ERL 495 a 177 
2•••USN 1967 02 12 10 11 52.4 37.7 N 1011. w 5 479 • 178 

USN 1926 10 01 15 15 37.3 N 111.9 w £II 478· G 11!0 
U~N 1926 10 04 20 30 37.3 N 111.9 .. III 473 ~ 11!~ 
USN 1926 10 23 07 !7.3 H 111.~ w ::1 473 • H'C 
USN 1926 11 12 03 40 l7. ~ .. 111.9 " n: 47! ' HC 
USN 1926 11 16 14 15 ]7. 3 N 111.9 w III '78 G 1 !10 
USN 19411 01 24 02 57 35.9 N 111.2 w 495 I 1 !'! 1 
POE 191.5 01 07 22 25 32. 36.5 N 111 • a " 5.1 PAS VI -~5 0 HS 

Z••·U~N H67 01 16 09 zz 45.9 37.7 N 107.9 w n 4.1 v 479 • 186 

N••• BEFORE a AECOAO HEANS IT IS a POSSIBLE ~UPLICAT! 
N'TlONIL 'EOPHTSltll OITI Ci:NTEAINOia !IOULOEA, COLOqAOO 80303 ,. .. ~ 1 



c 
·w 

I 
. -'='" 

NCJC 

SOUittl! DATE TIME LOCATION DePTH 
n M OA HA MN SEC ·uy LO:.C ~ .. 

USN 111!5 12 17 Ol 20 !l.l .. 111.4 .. 
1••• STO 1967 01 16 0~ 22 U.9C 37.67 N 107 .u " ll 

POE 1967 01 1& 09 22 45.9 l7.672N 1()7.86 " 3~N 
USN 1966 05 lO 22 ZJ 41.9 17.7 .. 111.9 " 5 
POE 1967 09 04 23 27 44.7 ]6.2 N 111.7 " l3 

1•••USN 1967 09 04 23 27 44.7 l0.2 N 111.7 " ll 
USN 1881 08 04 1d l'l la.l N 111.5 " STO 11i4 1 08 29 11 34 c l7 .] N 1~7.7 " STO 1962 06 2l 17 11 04. c ~!.5 .. 1!1~.5 " n 

1•••STO 1H7 0~ OS 03 OJ 54.7C 35.91 N 10G.2~ w 22 
POE 1977 Ol 05 Ol 00 54.7 :!5.915N 1C8.286W 22 
II' DE 1976 01 OS 06 21 lZ.9 lS. 844N 10!.341W 25C 
USN 193S 12 05 21 1S ]7.4 N 112.1 " 1•••STO 1976 01 OS 06 21 lZ.9c 35.!4 N 108.]4 " H 

1•••STO 1976 OS 20 19 4] 21.9G 35.47 N 100.04 " 5 
POE U76 05 20 19 43 21.9• 35. 474N 109.03911 sc 

, 

N••• BEFORE I RECOR~ MEANS IT IS l POSSIBL~ JUPLJCIT~ 

TOTAL NUMBER OF EVENTS RETRIEVED IS 64 
TOTAL NUM3ER OF SUSPECTED DUPLICATES IS 19 

Table 03.2 (Concluded) 
El~THOUl~E DATA FIL! 

••••••••••MAGNITUDES·-------·• 
.. b Ml OT!i~R LO::AL 

4.1 
... 1 

4.6 4.2 NL \iS 
4.6 4.2 ML cs 
5. 4.6 NL u 
s. 4.6 "L GS 

z.s "L ;s 

NATIONAL ~EOPHTSitiL ~IT& CENTER/NOlA BOULDER, COLORADO 80l0l • • 

tNT ,_E C! :IN DtsUNC! 
MAl DTSYNO '"' 
IU 411 G 187 

419 8 1o3 
479 ' 11!8 
478 c H~ 
4~5 6 102 
us A 192 
•7! c 103 

' 419 c 1h 
419 .. 105 .. 

yt U6 A H6 
II' DE VI 490 D 47 1U 

Yl 4~6 D 9S 191 
475 • 19._ 

yt 49o a 199 
1Y 495 c 199 

495 ,. 12 199 
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Table 03.3 FIELD NOTES FOR GROUND RECONNAISSANCE 

• 

• 

• 
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ADDENDUM D4 

LITHOLOGIC LOGS 



This page intentionally left blank 

 



• 

• 

• 

Th1s addendum conta1ns borehole logs and test pH logs. When referring 
to the DOE bor1ng and test p1t ID numbers, please note that the numbers used 
1n the text refer to the number1ng system as used 1n the DOE computer1 zed 
Database Management System (DBMS). The number1ng system used on the f1eld 
bor1ng logs and ta111ngs test p1t logs does not match that used 1n the text. 
Therefore, when referring to the follow1ng DOE bor1ng logs and test p1t logs 
1n conjunct1on w1th the text of th1s document 1t may be necessary to convert 
the f1eld and laboratory numbers v1a Table D4.1 . 

D4-l 



Table 04.1 

• F1eld or lab number DBMS 10 number 

P1ezocone data: HAT01-01 through 40 HAT01-200 through 240 

Bor1ng and lab data: 
HATOl-01 HAT01-126 
HATOl-03 HAT01-127 
HAT01-06 HAT01-128 
HATOl-07 HAT01-129 
HATOl-09 HAT01-130 
HAT01-11 HATOl-131 
HATOl-15 HATOl-132 
HATOl-11 HAT01-133 
HATOl-19 HATOl-134 
HAT01-20 HAT01-135 
HATOl-23 HATOl-136 
HATOl-26 HAT01-137 
HATOl-32 HATOl-138 
HATOl-33 HATOl-139 
HATOl-35 HAT01-1 81 
HATOl-41-47 HAT01-182-188 
HATOl-50-56 HATOl-189-195 

Test p1ts: 
HATOl-TPl-TP5 HATOl-001-005 • 

• 
04-2 



Table 04.2 Su111Tlary of geotechn1cal subsurface explorations at Mexican Hat, 

• Utah (DOE) 

Bor1ng or test Coord1nates Complet1on Total depth 
p1t numbera North1ng East1ng date (feet) 

Bor1ngs: 

(On the pile) 
HATOl-126 9111.3 9644.9 10/11/84 34.0 

HATOl-127 9310.0 9445.0 10/11/84 27.0 

HAT01-128 8710.0 9441.5 10/11/84 20.0 

liAT01-129 8516.0 9241.0 10/11/84 12.5 
HAT01-130 8910.5 9239.0 10/11/84 18.0 

HAT01-131 9510.0 9245.0 10/12/84 17.0 
HAT01-132 9710.6 10490.0 10/12/84 27.0 

HAT01-133 9710.0 10890.0 10/12/84 45.0 

HAT01-134 9708.5 11232.0 10/12/84 46.5 
HAT01-135 9909.5 10891.6 10/16/84 41 .0 

HATOl-136 9508.7 10485.0 10/16/84 25.0 

HAT01-137 9310.0 10890.0 10/13/84 22.5 

HAT01-138 9510.9 10890.0 10/16/84 42.0 

HAT01-139 9511.1 11090.8 10/16/84 34.0 

• HAT01-181 9310.3 11291.7 10/15/84 34.0 

HAT01-911~ (9310) (11090) 01/06/85 98.0 
HAT01-912 (9520) (11160) 03/28/85 84.0 

(Off the p1le) 
HAT01-182 8370.6 9343.2 10/10/84 5.0 
HAT01-183 8304.5 10066.6 10/10/84 3.3 
HAT01-184 8727.1 10830.5 10/10/84 12.0 

HAT01-185 9670.4 11617.7 10/10/84 14.0 
HAT01-186 10482.4 11221.2 10/10/84 3;0 

HAT01-187 10199.4 10345.6 10/10/84 3.0 
HAT01-188 9885.5 9540.9 10/10/84 6.0 
HAT01-189 (10850) (10930) 10123/84 5.0 

HATOl-190 10781.3 11109.9 ... 10/23/84 5.0 

HAT01-191 (11050) (12270) . 10/23/84 2.5 

HAT01-192 11683.1 12321.9 10/23/84 2.5 

HAT01-193 10935.2 12126.8 10123/84 1.5 

HAT01-194 10152.6 11711.0 10123/84 2.0 
HAT01-195 10019.3 9538.7 10/23/84 3.0 
HAT01-905 10006.3 9544.2 12/11/84 9.0d 

HAT01-906b 10137.5 11703.1 12/12/84 11 . ad 

HAT01-907b 10154.1 11692.4 12/19/84 125. od 
HAT01-908b (10000) (9580) 01/11/85 196.9d 

HAT01-909b ( 7180) (751 0) 01/19/85 215.od 
HAT01-910b,c (8400) (10400) 01/22/85 23£>.od 

• 
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Table 04.2 Su11111ary of geotechn1cal subsurface explorat1ons at Mex1can Hat, 
Utah (DOE) (Concluded) 

Bor1ng or test Coord1nates Complet1on Total depth 
p1t number North1ng East1ng date (feet) 

Bor1ngs (Cont.): 

(Off the p1le) (Cont.) 
HAT01-930b 10550.337 7732.998 10/10/85 116 
HATOl-931 12083.029 9971.036 10/12/85 177 
HATOl-932 13167.679 12636.319 10/14/85 193 
-HATOl-933 7782.264 8444.656 10/15/85 175 
HAT01-934b 9221.312 11989.935 10/18/85 200 
HAT01-935b 10023.747 12468.284 10/20/85 187 
HATOl-936 11391.741 10912.259 10/21/86 142 

Test PHs: 

(Ta111ngs) 
HATOl-001 (9710) (11090) 10/17/84 7.0 
HATOl-002 ( 1 0600) (11200) 10123/84 0.5 

. HATOl-003 ( 951 0) (10690) 10/23/84 5.5 

HAT01-004 (9110) (9445) 10123/84 7.5 

HATOl-005 (9310) (9445) 10/23/84 4.5 

aosMS number1ng system (See Table 04.1). 
bThese bor1ngs were cased and completed as mon1tor1ng wells. 
CTwo bor1 ngs were advanced. One encountered hydrogen sulf1de gas and was 
grouted to 1ts full depth and another dr111ed nearby. 

dlnd1cates that all or part of the bor1ng was advanced us1ng rock. cor1ng 
techn1Ques. 

() Coord1nates enclosed 1n parentheses are f1eld est1mates and were not 
surveyed. 

' 
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Table 04.3 Summary of bor1ngs at Mex1can Hat (MSRD/CSU) 

• 
8or1ng Date Total 
number completed depth (feet) 

Al 01/08/82 5.0 
A2 01/08/82 3.0 
A3 01/08/82 2.5 
A4 01/08/82 4.5 
AS 01/08/82 3.9 
A6 01/08/82 7.3 
A7 01/08/82 10.9 
A8 01/08/82 13.7 
A9 9.0 
AlO 01/08/82 7.5 
All 5.0 
A13 5.5 
A25 01/09/82 8.9 
A27 01/09/82 5.0 
A29 01/09/82 10.3 
A36 01/09/82 22.5 
A37 01/09/82 14.5 
A38 01/09/82 14.8 

-· 812 01/09/82 1 5. 3 
814 01/08/82 26.5 
815 20.0 
816 01/08/82 36.0 
817 23.9 
818 01/08/82 22.6 
819 01/08/82 25.2 
820a 01/08/82 2.0 
821 01/08/82 13.5 
822 01/09/82 17.5 
823 01/08/82 19.5 
824 01/09/82 28.2 
826 01/09/82 34.3 
828 01109/82 13. B 
830 01/09/82 31.5 
831 01/09/82 27.5 
832 01/09/82 37.9 
833 01/09/82 21.4 
834 01/09/82 23.4 
835 01/09/82 31.0 
886 01/20/82 39.9 
888 35.9 
893 01/20/82 35.5 

• 
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Table 04.3 Summary of bor1ngs at Mex1can Hat (MSRD/CSU) (Cont1nued) 

Bor1ng Date Total • number completed depth (feet) 

C39 01/10/82 1.9 
C40 01/10/82 4.8 
C41 01/10/82 10.7 
C42 01/10/82 12.0 
C43 01/10/82 14.9 
C44 01110/82 23.2 
C45 01/10/82 22.7 
C46 01/10/82 9.7 
C47 01/10/82 27.5 
C48 01/10/82 35.4 
C49 01/11/82 35.0 
C54 01/11/82 34.8 
C56 01/11/82 30.0 
C58 01/11/82 24.4 
C60 01/11/82 29.7 
C62 01/11/82 34.4 
C65 01/12/82 29.9 
C67 01/12/82 22.5 
C69 01/12/82 7.5 
C71 01/12/82 3.4 
C73 01/12/82 0.9 • C75 01/12/82 6.1 
C77 01/12/82 17.4 
C79 01/12/82 19.8 
C81 01/18/82 26.4 
C83 01/18/82 24.9 
C87 01/18/82 16.3 
C89 01/19/82 14.5 
C90 01/19/82 6.0 
C94 01/20/82 21 .ob 

C95 01/20/82 26.ob 
C96 01/20/82 19.ob 
C97 01/20/82 .. 7.5 

050 01/10/82 54.8 
051 42.4 
052 01/11/82 41.3 
053 01/11/82 18.4 
055 01/11/82 33.1 
057 01/12182 26.1 
059 01/12/82 29.3 
061 01/12182 13.6 
063 01/12/82 24.1 
064 01/12182 46.9 
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Table 04.3 Summary of bor1ngs at Mex1can Hat (MSRD/CSU) (Cont1nued) 

• Bor1ng Date Total 
number completed depth (feet) 

066 01/12/82 47.3 
068 01/12182 3.9 
070 01/12/82 14.2 
072 01/12/82 1.3 
074 01/12182 1.8 
076 01/12182 7.9 
078 01/12/82 19.1 
080 01112/82 18.4 
082 01/12182 22.7 
084 01/19/82 50.0 
085 01/19/82 8.9 
091 01/19/82 9.9 
092 01/19/82 12.0 
098 01/22/82 25.0 
099 01/22182 11.8 
0100 01/22182 46.2 
Dl 01 01/22182 48.9 
0102 01/22182 39.7 
0103 01/22/82 37.9 

• 0104 01/22182 35.9 
0105 01/22182 54.8 
csu 200 01/23/82 1.5 
csu 201 01/23/82 4.0 
csu 202 01/23/82 19.7 
csu 203 01/23/82 34.5 
csu 204 01/23/82 39.6 
csu 205 01/23/82 25.5b 
csu 206 01/23/82 16.0 
csu 207 01/23/82 24.8 
csu 208 01/22182 47.ob 
csu 209 01/22/82 12.0 
csu 210 01/22182 5.0 
csu 211 01/23/82 30.9 
csu 212 01/23/82 37.9 
csu 214 01/23/82 29.8 
106C 0.9 
107C 01/23/82 1.1 
108c 01/23/82 1 . 4 
109C 01/23/82 4.9 

• 
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Table 04.3 Summary of bor1ngs at Mex1can Hat (MSRO/CSU) {Concluded) 

Bor1ng 
number 

P1ezometers 

Date 
completed 

01/23/82 
01/23/82 

Total 
depth (feet) 

2o.ob 
oo.ob 

aTh1s bor1ng 1s marked as A20 on or1g1nal maps but appears as 820 1n 
borehole logs. 

bAll or part of the bor1ng was advanced us1ng rock cor1ng techn1ques. 
COff-p1le holes (not shown on locat1on map). 
dsor1ng logs m1ss1ng. 

04-8 

• 

• 

• 



l 

l 

1 

1 

l 
f 

l 

• 
DOE BORING LOGS 

' 



This page intentionally left blank 

 



( 
_I: 

• ., 

~l 

--- .-
~ 7.S"' 
gs_.. 
_La 

, • /(J'' 

II~~~ 

·- ·-... -. ~, ·-··-.n.s ...... ,, 
~D.~ 

I• ~-
~-

r"'1 

. :. ... 

. · .. ; . . 

- .. . 
:: :~ :1 w 
I! U ;; a. .. .... ... ,. .. •; ... ~ 

,, _, 
/\. ~ .> 

\L \./ i._'f 

"' ]... 'r 7 
1 ..... ~ , 
lX: IX ~ 'i p 
rv IV [)6: < 

1/\. ""' :x. ~ 

v v y , 
' f ..... ~ 

X lA ~ "' 
"-L 1\,/ 1'-~ 

.. 
I)\ lA 1/\ ., 
IV I tV IT' 
1/\ I)\ 1/\ 

l'ul' " lA X =~ I~ 
IV IV N .5 

..l. LL 
~ " 

~ )\ l~ .~ 

IV v y r 
lA. "~ If_\ 

ID 

a 

T 

-, 
. 
• 
. ,, 

IZ 
•• 
•ot~ 

Jfl 

:.· .· . 

.LOW I 
'I" I ln. 

%S'I 

IJZ.,f. 

3;Z..Z 
~·,¥' 
r,s,, 
3•'1 

~~~· 
~'"' ~. 
~¥ .. tt 

~~· 

• 

GROUNDWATER LEVELS 
DATE • TIME ~ DEPTH (ft.) 

w 
~ 

Z J UICI c 
> 

• 

7 7 / 
I I / 

I 7 / 

YIIUAL CLI.~~.~~ICATION 

Ot#S. t.&.<P &6i·~ 

61-l., .. IMU411.f" 

t/Jc4S ~-, •• 1/.fiL ~ U Vl.C.S 

~"A'(~~ ~7 &£lY 
IJ ~:&J-.a l lA Yt..C. 

~~ !ta $PtJr~l,;.,,; .~-. 

r~".~~,_L~~vu--la~t ·· : -~~- · ··- . . . ,· 
eUty ~~ 1116;., ,..,,,..,~ 

.,·; ... 

IA .. L.I TYN ......... , ...... 
· l•ro.o. uru. ..... ..... 

•·ro.o.a.aru. .... ..... , .................... .... 
• 

-: ., 
I ' ·--
''3 

•o-AL•IMCI•II Cl/1•) 
. • .. -·· ......... ·:-. .·;·-·-:.-:-:.--·.':·.'"-~~.;:~·:~-~-·~:---~-_,.-----.......:~_..;-~-

.. : ... ~ .... ~~·..-:--··--~-~-~ .... 



.. . 
l 

• 

( 

fJE ~~=~~ .. ~:-· =-~-~ ;~::·· · .u ·· 

i • BOREHOLE LOO (SOIL) :-:: -~, ... --~:-. ·:-_~.-·:_.-.Peg~ ~off. 
-L-OC_A_T..,.IO..,.N_M_A""""P:-_ ... ;_--:~-.<--.-... A--~-~,~ liTE 10: lid"/ .,;·:-~0~~~~ m: K.r.f-,. 

-.· . -~""· -~~- A APPAOX. liTE COORDINATES (fl.): 
-~ .. _· .. it H 'tttl' E '-4e::r 
;.'·::.: ?7. GROUND ELEVATION (ft. MSL): • 

DRILLING METHOD: Prd c•~~--~.vo-;~.,.----
DRILLER: T~rr 
DATE STARTED: 10•11·/Q .. 
DATE COMPLETED: 
FIELD REP.: ~,"-i1tf..,.--------

GROUNDWATER LEVELS 
DATE TIME DEPTH (ft.) 

./ ./ J 
/ / / 

LOCATION DESCRIPTION~-~-----------~--~~--~ 
SITE CONDITION~-------------------------

- ,. • ... ... :I iE --DEPTH ... ·-.o •• ·- •"' ... 
•! •• "-I' • 

161 
~ 
~ ... 

aLOWI 
ID PER I IR • . . 

Ill = Z .J UICI c 
> 

YIIUAL CLAII"ICATION 

~- v v v s ,.. I,J,y , ei-lfl. 

" ~~ 
I~ Sl$!. ,, 

&I.At~-lr"wlrtr"'.,., ~r.JI.t ,,,.,.,,,.._.a.,..~ 
.J•,. I ,Wit'' Afl'tl!fe~ ;.s L' 

1'-~ __§. 
LS .A l/\. .... v v v 

_l'f..S ..... 

., X X X 
... v )( v 
_11·5 

, h 

1-' , ... 
, - , 

s ,~ 

I~ ;._ 
- . 

z.z,, 
.J,s, 7 
?,$,S 
S,'/.'/ ' ~ 

~~r v~16r3.,,. 
$i.rJ' tr• iUIC.,.., 4~1., H0'3'r ~ 

,, .,.,._,_ 
~~It., ,u.,., ~'~##till~ y ,., /1, ~ >' 

~~-:-::~-=P~~P..-4---~~---+-t-T-+-""·,. ,,., • .., ,~ •'-~t:~" ,,.c: ... ,s 
r. :~ b~f,ON ~..,....,._,C(i.1oy'~TO 

.,H 
,, "!• 1:' . 

_..., ',1-f~ - - ~~ 

-rD~3'1' 

,.._..p.t'~ • ._ C 1'(.,_, lot~ ·IP«·~ 
s,._..lt,r N/C 

' COMMENTS:--..------------------~---------

..... 
:-~·-·: ..... 

. .. . ··: 

....... TYPI ........ &_ .... 
a-r-o.o. e.ara.o ...... ... 
8•rO.O.IAI"LD ..... ..... ........ -... ........ , .... 

• 

• 

• 

• 
------------· ··- ... -------------·-



.. 

fJ ~~=~ ... ~~~- ~,! •• :·_.: .. :· :·y· .,~ .. 

BOREHOLE LOG (I OIL) '·_ .~·; ;_:< ·.·<:~ ·.. Paeel.ot .L 
_•o-~-·-·~·-,-0-N_M_A_P.-.; ...... -. .,_-::·~--,_-._;;..-. ---!- liTE 1D: NAr Dt . -L~~;,~ 1D: H1'· 1•,.1 

.. _ _._:~~-.;~ ~PPROX. liTE C~'~IN: T-EJ,.#,.i.K;!: .. '·):_. ____ _ 
· "'' ~ .. ·. "'- GROUND ELEVATION (fl. MSL): ~l Jc 

~f-. - : < t~:............... . . DRILLING METHOD: NIA •C• ,, Nlt4 

•: l w! 

- N_IU''-~ 

DRILLER: .,., • .,., 
DATESTARTED=--~IP~~~~~'---------------
DATECOMPLETED: _____ ., ______ __.__.__.__.~--
FIELD REP.: .14.,, 

GROUNDWATER LEVELS 
DATE TIME DEPTH (ft.) 

/ / / 
/ 1 / 

LOCATIONDESCAIPTION----~~~~~t~~~e~~~n~P~I~r~~~~~-~~~~-~~~~~-r~-------------------~ 
SITE CONDITION-------------------------

.. .. 0 •• •• :I ... ILOWI 
.., 

r: ... ::» 
DEPTH ~· ,. a. .... ao ~ ID PER I IR • ZJ UICI VIIUAL CLAIIIFICATION ... .... . .. c •! ... •r ~ . 

• ~ 

\., ~ ~~~ ~L ~ '( - 11111 ~ ~.,. tAI/111 rr .JDF"r 

~ A A. X .,. I 
, ,~ .- • 15' Sl+~ 

~,J 

:. l.X.. l/\. A ~ .. Zl.l ~~ ~0 F.6 • SI"'P"¥- /.tidE. SV•41'JIIr '~-LV 
7 "'\./ cv v ~ - J I, \j ~ 

~· M~ca ., Mil.>'~ 6M..,-.~ u. ''*1 
S-~ ~ 1/" 0 - • .,;y. %:'-'~l'.c( •, ~"NC .S~Jl) .J,_ 
.!.1111_ X A. X s fl J. '·3 c. -,, v v v ~~ J' J,'L,, ~ r;.r H ,.)I ~ 

_LI'j__ A ~ )'\. ~ • .,,~,j " sr ~· "" ~~c.., A'"''~' 
v v y <. ' 3,1.61 ? II"" I!Jt.•J ~ .. .,. I 

.!!·~ H k'.) ~-; ,. ... ~.- 5 ~, ~ V'\ V\ ~ -~ 

·- v rv )( ~ • %,~.:s 
/V.s ~ K"7 ..._, 1- § ... 

•I /\ lA L)', I, IP 'J.~~ , ,. 
~, :\. , ~ 
X X A T II ~~.,.,., S"l ~v·~'"r 

~ " 
"'7 v v ..! 12. ,~~ 1 

-~ ... 
~D.~ "" .... X. ......_, 

~ 5 IJ ,,c;z. , 
... -~yE'f. A;,., IAifT,. 4111 I 'f"r »~WttJ· .:.: . - v ~ I! c. , 5,"/.f . " L3-r' 

, .- ~· .. · 

~,.,~.,· 
. . .. : . . , 

..:s.L"" "' ~~ 
,.,. Z.l~Z. " .. ' -- y II. s,s:, ,. · .. ,;. ... ~ 

~li ~ .~ s.,_ • ..-.. 'b!'YGIAY ~~~. . 

I I . 5s C"..a.. ... ,.: .. • l!.. 2 ~r 1l) 

COMMENT I: ~I$· aA .. LI TYN •·r;· ~':F •· 0.0' ............. •·ru. .................. . Y•ru. .............. , ... 

tii~L·I••·I a. (Ill•) • 
...... . ... . : .~:. ':'.: ; 

....... : . . 

... ·.· 



I 
I 

··~ 
-;.. 

rH J.tC08S ENGNERNG GROUP NC. · ·.. · '· -~ · .. · .: .. , . : .. . !l! AOVAM:ID 1\'IIIMI OIVIIIOII, AUUeVI .. III OftbftOIII . · .. ~.- ··;.' ~··... ~·-~:. - ' .--

• • BOREHOLE LOG (SOIL) · · . .-. .. PaaeLo' _ 
• 

1 &..OCATION MAP: ~- ·-···t •. ' a liTE ID: HITPI p L;cAn~ ID: ,r, . 
~ .. :~:i~l~ )~.·.~ A APPAOX. liTE COORDINATES (ft.): •• 

I 
I 

I 
' 
j 

. . . N V-?10 . I -""'7~, ... w-..._ ____ _ 
·~·::: --~~~~~ GROUND ~~:LEVATION (ft. MSL): . -\ ····: .. -------... g~IT,LI . .:._ DRILLING .. ETHOD: ~-...,jN.a-.tU.-:L.~~--.....;,-

_. i DRILLER: T'l!fT ~~f' 13 . . . 
DATE STARTED: 19•11~ 
DATE COMPLETE..,.D-: ==~/:o::·~/~w:~:jj~~::::::::::::·:·= 
FJELD REP.:- S~tt-.N. 

• 

GROUNOW~TER LEVELS 
DATE TIME DEPTH (ft.) 

f , /. 
I . . 

LOCAfiONDESCRIPT~N~$~~-~~~~~~~~~~·~~~~~~~~~-~'~'~C~--~--------
SITE CONDITION ---·---=tv;.:.I.;.:N:;..:O~~~-~.::t,~~~~~ti;..V.:_. _____________ _ 

YIIUAL CLAIIIFICATION 

. ... .. • •• •• ... .., 
ILOWI 

... .... .... ... ~ 
DEPTH •=· •• .. A. ao ,. 

~ ID PI" I Ill • 
... UICI •• .... . - c 

~· 
... •I ... . 
• > 

~/WI.}/} ¥',fit . ~ i 11/IIIJr 

l!!fJ A .,.,"" .. W., • ~~ .s ' I,J, I , S'l1 
1.~ ... - ~ 

IIMWI>I ........ , WHifC • 
.,...... • .. UA/1 

A .. 11 ZI1 .I -.... 
£ ~)<'" -u .'\ ~~ ' ..., 

..L lA ~ 1'J .s ,...., 
r rv ~ ·I ~ t.. 

2_5_ ~.L - .. 
.A. A ~ 

, 
I Y' v i'S7 , J' 
IDS' 

~~ .. II' !)'\. ~ • 7 ··- IX v v lc- NJ 
~~~ 

~' ~ I~ IJ II 

~ N R 1\J ~~ 

1'·~ - • ........ ~ !A f\ 1-
,,_ 

- 1"\,7 v tv , .... 
11t.r .,. ]r, ' I' "' 

., 
-·~ ... lA X - .5 1/s-~ -- -

.-.. ··~. --+-1~+--1--1----1 

?~a·· a~ ' r--.. a. .. ~ r 
~, """- J 

,, I, 2. 
hr 2.1,1 

~ "'1,3 ~ 

,., Ylt' ~b 4/l& .. flfl.-

1,1,1 ~ J. 
t.l, I~ -~ ? "',•f; 1'\/ 

SHA 

. 
:~14 

. 

s. . 

-~ ,~0/C~ S~ ~ UN'tlY~Ae~ 

• • 

$c. C,t.IWl-'"1 l~~~Pt~t c II 

1f~Mw ft~wto' IIIJ ~~ ~ ~~,1 . 
aA'Y S~ /tfOI$r •If' ~1~A.C ~ 

C.Ullf£~ ·I•~N erAS rN11t1 JlfttN/je$4. 
,..,r~r · . . . 

• • . . . 

• 

COMMENTS:..----.------------------·-------- aA~I TYN ............. ~ 
• - ,. o.o ...... La .... ..... •• ••rU.IAI"La ..... ...... .................... , .... 

• 
·- .,., . -------,·-- __ ,____, ______ ---:-_~~~~---._...,~~---~ 

--.~-... ... ---· . . ___ } .._ ... .:...·~·· 

I 



fJE JACOBS ENGNERNG ~ NC. · · .. . -
..-..= ADYAMCIO IYITIIIII OMIIOM. &UU.Yt .. YI MIAnoed 

. . .·: . .. · .. . 
' BOREHOLE LOG (SOIL) Page_ot_ . . • •. j.' ._:~ ~- •• . ·_ .... ·:: . 

-
·. 

N MAP~. • -~ ?·_:r_~ \i. A SITE ID: I:JATO) LOCATION ID: trr:-2· 
APPAOX. IITEefOORDINATES (ft.): 

$'!" -~-! \-.~. N f.S"I I 9~ . . . . Jr _ .. ~;., ... 
- .. ·- .............. ~ GROUND ELEVATION (ft MfL): WJ: • I. · -··· , ...... 

DRILLING METHOD: lt'i ·t.·-~ 1 'JI~:J ~~~~ 1\ . . ·e·.. '<' 

--~ .-;L~·.·.:t: . DRILLER: :I'~ 
• • DATE STARTED: IS. .. ''!~ t• -- . .,.,.., ... -- DATE COMPLETED: •• . .. . - ~·"~ - - FIELD REP.: • I -

~ 
• GROUNDWATER LEVELS • DATE TIME DEPTH (ft.) 

' a..• ~ ./ I ... Olin-_ r I I 
:~ .J ..L , 

. 
LOCATION DESCRIPTION att~rH 

.,.,. 
C.l "'.#t¥l "''"' 

liTE CONDITION IIU:!C.£' ,,1., ,.fll/ll),.,:. ,.., ~ "''" 

- • • .., . •• ... :I "' 8LOWI 1£ .. - .. :» 
DEPTH •• ·- ID ... UICI YIIUAL CLAIIIFICATION ao •• ,.. 

PER • IR • ... eY . - c •• •• •r ~ . - • ~ .. ~ r\7 r .. I '·I I l ~,.,. SlltN~ ~.' $, .. ,.., . ~ .. ,. .It- My 

• f 
'i . .. I ,1,1 W.J!' ""' . a. If"\. I ~ 

'X ·~ :RuJC.l ~ .... n s"" SI-NIJ r • s" ry w11 ,.,.,. a • "' ,.. '> .....,. 
7 ~ ., 

I I,, ' .s eL U-AV·SL ,#lrfJ •'f• S&.l .. l"1 
!t.~ 7 ~~ ~ . z;,.. I NL . .,.,.'telo~o~~w•SI''N .. ~ 

~---~~ t·•. )( ~ -1., ~ /,I, I z. 
~·~· r.s • ~ ~~ 

. 
I- .. ., •.. I 

,..,.. 
SM/I'>'e.t-" lllfH !!:..'', .,,.q ~""Alii~"' .,,,. Ll -

17\. ~ = IS .. ! 
~ 4CCf ,,.,..(tf ~S""""' ru~tl .. l, I, I s~..-~ ~.14.,,.,., """'' ~~ ... ..,,-fl _....___ 

" ~ ~ , ' I 1 1, I ~ --
~ --~, ~p 'I~'"·'INt ,_ ""'- ,,.. ~, 

IZ.S · • aco.N"'. ~'"~"• .... '/' ~~ II ~ JO 1~1! /, -'o .. • _w_~: 'Oir ._:-'AI .S• , .. • • ec.•., . ..-.r.( .... ,A~~P-s~~~~.~~C ,, n ~ II Jo -'l '~·· . ., "":'~~"'. ~C:·IIIl•...,., ~-. ,, ~:l'f- . 

~· 

# ' • s"-oc.t1 ,.·.e o, ..ecftV .$,.,. .. £~"' lil6f&t4 ,,,. ... eN. 11111-.z , 
~<& ,.s· .. . . . 

• . . .. • . • . .,.: . 
. ···-· - ... . . . . - . . . . . . 

. . . . . . . 
--~ 

'.'; .. . . 

,jt 
'· ..!OMMENTI: IA .... ITYN 

• ·-~hit~ ·I• OJ». •.at ............. . . ~-ru.tArw ..... ._. .•.. .. .. .. .- ................ , .... 
4118-A&.•I•e•ll (Ill•) . . . • 

. .. . . . 
.•. · .. -- 4 c ... 

.... ....... ::: I-.~ ~2. ::t!~T 4_:!!.! .4 ? ~:r:.:.: 4: ~:+:' .s:· :: 



rTf JACOBS ENGI*ERNG GROtJ> NC. ·-· :\. =· ·:.:· .. ;·-~.-~> . ..:.- . 
"'' AINAICID ITITIIIII OMIOf &LIMUIMUIOfll&,._ . ::.'.:..'. ·. ~ -· ... '-· ... -.· -· 
~ . . . ._· . .... ~:---~·:--··~.--·. ~.- . 

. IOREHOLE LOG (lOlL)· .. :_·~~.~~:·.-:i·- .. --(-~~ _Paa•~ot_ 
. . . - -~·"'" ., .. . i~:- .. ·.... . . 

;..LO_C_A_T-IO_N_a.t_A_~-."'!"_:,-.,.,..;,--:.:-.:\-.~-· -.-. -.-. """'!!~....,.. liTE ID: NArDI . LOCATIOH ID: Nr9- . 
. , :·· .. k.f: ~ ~~~ ., w APPAOX. IITL COORDINATES (ft.);_ 

. • ~ . • ~ ~~~~-:~ H ~ID 1 z'p!C' ... 

....... 

J~ t~· ~:_}~:···:·_;t_·· ,10- ·. :=~~~Q E~=~~~~N CU;~~~34'Dp 
111 ~ ' • DRILLER: TCtJA,. 

DATESTAATED: ____ ~AP~·Il~Hf~~-----------
- ffil--·- · DATE COMPLETED:---:=---~·--------~---

FIELD AEP.: A;j 

GROUNDWATER LEVELS 
DATE TIME DEPTH (f1.) 

I / / 
/ / / 

/ .L 1 
"' 

.. . . 
:: :: :r "' ILOWI ~ 

DEPTH· l! ;: ;:; A. Z 
1 •• •"' •• ,.. 1D PER 1 1ft. ~ UICI • YIIUAL CLAIIIFICATION 

~ •! ., •1 ~ • ~ v,,t.,. T4'L'""'"s. 

..... ·~-. ,!"--+--t--f-1-+----1 
(. 

ae-A&.·•••-••- Cl/14) 

IA .. LI TYPI 
A• .... c.n~ • • r·o•. •M &.D ....... .... •·ru. ... r ....... ....., 
~-ru. .. " ......... , .... 

• 

• 

• 



, 

. 
• 

• , 

~ 

,.~ ...... , ·-· ... -.. 
rH" JIC08S ENGNERNG GROt.P NC. ·· . > <·,_ .,·,:~:. ~:~. ->- ·; - · 
!fi AINAieCIDIYifiMSIWIIIOti.ALIMUiteuiCMIIIAnoMI _ ;_·;·~4:>-<: ·;· ;. ,·· 

. . IOREHOLE LOG (SOIL) ::·~. :':·.~· . .f~~.,~;~·~]:: _Paeelot .1 
F~-AT_a_o_N_M_A-P:_:_: __ --... ,-. --... -~- am 10: H:AIOJ LOC·A~ON ao: ~-\1 

--- .-·i; • • - W APPROX. liTE COORDINATES (f,t.J: , -·-··- -=-·- N .,.,0 1 _,;;1~.::a:. ... ~s-:------
~ ~.i. GROUND ELEVATION (ft. MSL): _____ _ 

.,...--~ ~~- · .. ~ .. . .. DRILLING METHOD: _ __a;;l~;_a.cA ______ _ 
k fil DRILLER: :!' E"'i' 

DATESTAATEO: __ ~•O~·~J~Z~i&~-----------
DATE COMPLETED:_,.__; .. ~-------~-
FIELD REP.: S•wYA ~ 

GROUNDWATER LEVELS 
DATE TIME DEPTH (ft.) 

LOCATION DESCRIPTION~-~~-~~·~·~~~u~~~J~~-'·~·~·'~~~~~$~~~e~e~~~~~,~-~~-------
81TE CONDITION--------------------------------

.. • • •• •• -- "' .... ..- ... 
"DIPTH ': •• ·- .. •• •• ~ ... •"' .-•• •r •; ~ 

"X y ~ c; 
l!.S_ t.7 --~- ~ ~ ~ ~-

v v -~ , .,.r / ...... ll"'\. 'F: 'I' 

~ j '' ;l[ ){ " r.:-- 1' 

X ~s 
, 

of ... 
, ~, !' 'lr lA lA ~ 

r'v'" VI(" _d'i 

==~ ' .... . , , 

. 

. 

8LOWI 
ID PER I lit . . 

I 1,~,6 

l. "'7,?.7 

! H,3,5,4 

II /lllltO 

~ 

-, 
- <J%2. #, 
~ 1'£1. 

J,l,, ' -- . ~~' ~ ~,-- ~ , ru·Ti 

.. 

Ill 
:::» 

Z j UICI c 
> 

,, IS .. -111. 

1'/ . 
II 

VIIUAL CLAIIIFICATION 
/111/L -rl.!l•llf .. • 

6f &A~II 'f ,$6- ~ ~N·· S'L l.a.Aof' C 6 HOt\T' bft5"f 3M'r 

u ~ M,tof • fl ... ttl f'lltP£ 6~ I 
J._ . I'"" ' ...... 

~ ~~'--~ 1,1~J• 11.r ~,srJAIA,;,rll$ 
lf,lt( ,., u trC. • '"'· ;.,~ 
7):J7' 

' . 

" . -..... 

. .. . r . ..,. 
~ .. 7-~·t.= 
-~ -~-~~..;:· .'of ', 

.i:. ;. . _,.,. 

-~~~ENTI:----:------------------------------- aA .. '-1 TYN 
•• ~ &..n:!',ll 
•• ' 0.0 ............ ..... 
••rU.IAt•u ..... ..... 
,..... T ...... ..... 

• 
.. . . . . . . . . .•. -~--~--.. -v-...... _ .......... ~"""--· c ... 

• 
, 
• 



- • • • ; 'J• • • •• -"' • 

~--.;_·::·. ·-·:?-. · .. · _.:. - ·- -· ·-~---

. - [;I JACOBS ENGNERNG ~ tC. - . ·.···. ·-· .. , -· . . ~. . - ·· .. : - .... -~ ·;· :1: . 

;. 
ADVUC~DmTIIIIIOMIIOII.AUVeUtMUIOfiiA- ~.!::~~:::_·_·_-,_~- . -; --> 

IOREHOLE LOG (I OIL)- __ •;:3~'·:~·:~\\·~:-·Y:· Paeelot .L 
. .. ,. .. _ •i J ·.- · . . ;"!':.- '. •. . . . . 

~ .OCATION MAP: • -:~·'7(.;j~-- .. a aiTE ID:. · · HAC D I ·-LOCATioN 10: · Hr-15' 
A APPRO X. 81TE2.COORDINA TEl (ft.): .,_ 

p41h!~L. .. 211J , ~~ ruz 
. --~--- -·.,; ... :. -t GROUND ELEVATION (ft. MIL): - .. . ----- ...... DRILLING METHOD: llfA U~A.·:t-~ . . . --· .. , ;··::~~ ·_·_-.:~: - DRILLER: R~/7 

• 
3M' DATE STARTED: 1!,·11,·~~ 

~~lla J DATE COMPLETED: •• 
f#'LI$" FIELD REP.: '"""~ , -

' GAOUNOWATEA LEVELS . DATE TIME DEPTHjft.l 

• ~ J - I 7 I 
I • • . 

LOCATION DESCRIPTION Lllu.IC It l>t ... , ,.o....,., ~•Rc 
81TE CONDITION 

.. • • . •• •• 
=• ~ 8LOWI I 

DIPTM I! .. , 
UICI •o ,. ID , ....... -~ WIIUAL CLAIIIPICATION li !u ... .. " c ... •• •I • ., 1'\_./ -:. I I I z,z. , ~ Sllt+ltiY ~~V IWIISr F6. 11'111. lk':.r.~·~ 

r-l.f xW i ~~~ SllltltiY Uf""l fDIMV 
t ~, v -r J M.,.,,... 

~i /\ I lk. A411 

' ..... #'.. .1 ,,,,, s e,c..c . ., I L 1~'"1'1 ~F,- £1' 61&.(., 
S_.;J ~.., -~ -~ L - ~~~,, ) *•~ SIJN•'I u,tA s 

~---~ A ~-~ " fl. .. , 3 J,J,~ i-t 
_T S' ,..., -~ .· , ... 

" J,'(,r ~ . .--· -- . 
_L A l)S. - ? 

SP ~~ ~~'6"V64't/'l'~~' 
"V .,,/ r..! ~ 7 ~,J,lf " loo •'4fU~I~ '11111.• 

~~s ~ -- J' !J'A"'I Fo fl="t l•l'l ,..,,, ~',~en., 
y - ·r ~ 

..,. .... 
ul, llJ ~ "~!. Sc, 
·-. ~_L .:::: If ,,~r • ~~-6& ~lt'diiCI ~Dr~ u.-¥6 ~liS 
/r.~ V' --; ') It ~ .. _ 

1." :s , f'A,4' 
" y .( , 'ft46: It 

~-s ~ i/11¥ It .. 
.,,, V'\ :$ It - r"J k " .5~" II \!/ _. ~ .. ~ -. ::_--. 

_l,.r 'J' 

J~. P=! 
,,~~,,. CJ ,.1,. a~ #I ,.-,..= . 

--- lA ,. -- IV . tr ,,.,,., • . 
S..IIIN~ .: .. 

~-~ 
. . . . 

-~ , I .. 
..._ .. ,_ lA .x•~ 5 " 31ft- -. -' .;: . 

~-4~ ~·-= • 17 
.,. .. ~ 

,.,_~;,la7' · · ... ,,f.~!~ft,~ ..... 
· -·-~ ~~ L.K -x IJ I ~'*'7 -.-,Az. » s~ S....,O .,., tl$1vt¥ ~ ~~~ 'rvT;""'(,;'"I/FY 

" "'OMMENTI: - Ill· - -'FAti!ATil~'~· Slfei'.Uit. ~Tfll& 

·-~ Wlt;:t' •- o.a.t .... .-....... .... .......... .., .............. ., ............. .._..,,,., .. 

• 

• 
. . ,_ . . 

.. --·_. !·:·~~L:--_: :- . --:~_;· _; 



rif .w:o8S ENGNERNG GRaP tC. -- - - -- · - --- --
~ ADW.IICIO mtllll OMIIOII.A&.IUeUueut.......,... .. .. .• ' ... , -'"' . ,.~ .·· 

. . IOREHOLE LOO (lOlL) --~· .. ___ ,2- -~~ .. :.~_-·.· Pa .. lot~ 
. • • ... •.·· ·''"!1"4·~ . • . .•....• 

a 81TEID: #trot- · LOCATioN ID: ·~~t ·•~ 
A· APPROX. SITE COORDINATES (ft.): 

N t•l(f" E · tDrtp 
LOCATION MAP:. 7~-~~f~;j_ 

·-·. . ~. .... , GROUND ELEVATION (ft. MSL): 
DRILLING METHOD: 4'.1£'- th"'!"~£~'S~~F~:.~I~Y--'!-!!-
DAILLEA: Tqtr 
DATE STARTED: /D-/Z·It' 
DATE COMPLETED:--~"-------
FIELD REP.: i•WL 

t\ ,. .. ,,, GROUNDWATER LEVELS 
DATE TIME DEPTH {tt.1 

/ / / 
/ / / 

I 7 / 

- .. ,. • I •• •• =I ... II.OWI i5 .... 
"''" u ,. ~ ID PIR I IL ·~ UICI ¥11UAI. CI.AIIIPICATION •• •" •• c •• •• •I .. ' • A 

~ I' v I~ Col 
J,z.,~ f ,S'4f N~ Stwp ~ .li .. ,., "411:21' 11'/t/lf 11~-.JJ/111.-h I 

' IL~ 1111.,,.~_,, s-.c. .,.,·"c •• • 
·" v r\ rv 1-1" ~ NAir' SA*I'I u*~s •Uti, t ''r ~~ttr¥•.;,. 

~~- v' ~ n ~ 
i 

7 J -- ""' .. P, J,y ' !:'~ ~ ~ 1.., - S,J~ ' - A X I!!!!!!: ..5 'f , y _, _., 
J.:~. ~ I 

R ... s- ~-:' ~ ~ ., 
:S,J.$11 :ilfllti/JJ. ~~'*'.,A~, • ., lit 

/ I~ "" • I IL 
I I 

~ ~ 
, 

t;l,1' 1 ,~.J ~ .. A 
,, lit' '1 

~ ~ , ... .. 
" ., L" 4!' ~- 'IS~ ' •• 

1.rs ~ 
t.$."1'( 4 

~ I> 
,, ., 

I"-' 

L'-.. !. ,, •6 .. ID 
~ , 
~ It: IZ... lt¥S ' . ... ~.. . .. . . -. - IV' D<' - .. 13 g .. . ,,,, 

aa.r •.A tSIW#y-rtM.lt•n_,. 
·i 
~: !:..· :..;·. .. 

"""" r"o.7 ... 
~.G,'I-

,. ··:,: 
~; ; ...... ,.:r· 

P'll: 
.-, 

~ 
. ~:.."' . 

~ '\. ' :~ I·· '/~ ~"---
. 

• "'"C1.1ift ,_,rs.,r~IL IAJ $&,$AMI)V/iffl • 

" " ~ r"'!: J{, •rl-- &I. .. ~.-; !"";;;: ~ '"" ~C'o:- II - tJC4S ,.~~,-,.Jit61WII IW~ 

" ' - Of ,.,_.d a;·fJ. · ~~~I61C-I ......... 
~ lli8'tJ·- Cf ~ 

~~~0~'-'fENTS· "'~'" IA .. &.I TYN 
; ·~-,.·,~ . ~~L.. 

..,.. ,...,~ . 
•· o .. , .................. 

~l'r.t. ~ ~ .. ~., 
•·ro.o.uru.-... ..... 
~-ru....._ .... ._., ..... 

.-ca-AI.•I•8·11 (Ill•) .... ~ .·."· - . .. : • 



• .... 
.. ·-

fJE t.a.~r ENGNE~~ ~ e ~ · ·· · · · ·-·... · · 
~ ". ~ """"'"""""" ·~ . : ..... . .. . .. .. . ., . . .. . .. 

~ &DV61C&D nlftMI DMSOC. AUVeiiiMUIOfll&ftOii. .,. .. <·_:· :_ ."",;:~; :· . : · . . 

( _ · IOAEHOLE LOG (SOIL) ..... : ,,_,;'· . Pago~oiZ_ 
L.~ o_c_A_T-IO_N_M-AP:-.......... ~----·'1:-.;-.-.... ~----,~ BITE 10: UAToi =·· LC)C~,:.ON.ID: .,.,..,, • 

:..,. ,:.._.· .. ~~·..;~ /!a APPAOX. liTE 8.00RDINATEI (fl.):l ~.· 
· · .......... ;.·li ·. .... N ,-,, v r OY•u - .·•·;~. ... ·--- -
··:·}~·, ·~:~:_t~· ::~~:G E~=~~~~N-(_ft_. _M_s_L_)::::::::::::~: 

~~~~ ' 
DATESTA-R~T~E-0_: ________ ~-~-.-,,-_~f~~~-------
DATECOMPLETED: _________________ ___ 

FIELD REP.:-·-----------------

GROUNDWATER LEVELS 
DATE • TIME DEPTH (ft.) 

/ , 
/ ./ 

J 1 ./ 
• I , 

LOCATION DESCRIPTION----------------------------
liTE CONDITION-------------------------------

DEPTH 

..... 

, .. 

. ~- .. 

. : .:--1-+-...... --t~l---f 

13 
1 

YIIUAL CLAIIIFICATION 

16tt& A .. ,_.,.,,. ·•Ju 01#1,-,t 'l'f.l·lfu' 

~ltl.6 llllt 6eDO''f'l' •) 
NI·II~4~'J'•··~~~PrAI ,(v-"•fiii'J 

~ 
. _T--nr''" 1~ ll :'It~~: ~~ ._, ~~~ 

~~ ~~~~~~ 
r C. ~ ,._, .. ,;,. ntF AV'tl#' 

,_ HWJ/11 .... .., ~"' ;, ••• ~ ·"" *•t: 
~~~,_ .. ..,., .... .-~~,.. ..,c•o';.r"''e,' 

J,. • •· •. 

. . . 

~~:.:, ~..-. .... 

>-~~~}~i 
. ' .. . . : . 

. ·:-. - ' .. · ·.· . . . 

COMMENTS: _____ ·-----------------------------
IA-&.1 TYfil 

··~&.-t.. . I • I o.o t.ar &.O • .,... ..... 
•·ro.o.ur ........ ..... , ................. .... 

• 

• 

•• 

• 

• 



~-

nf JACOBS ENGNERNG GRaJ> tC. • 
~ &DVAICIO IYiflld OMIIoll. MiueVI .. UIWIIATIOIII 

• 

. · .._. . ·:·. . .. . IOREHOLE LOG (SOIL) ~ ·.:, . • Paae.lot!:: 

LocAta~N ~AP:: ·: ·'"t. ~ ~~ . • . : . im 10: HA rD 1 · LocATION eo: N~ ,_'' B 
l1&4~ -;·.· ·~~ W •APPAOX. IJ.l~ COORDINATES (ft.): . -:~. .· ... 

1/r.l-lf • · .-·.~ .. · j N tO E I tz.1 o , 

t
. '. ·.' ~~ GROUND ELEVATION (ft. Mll): • -
. . : • ~!,: DRILLING METHOD: J5P! tOtolt:i!o~ • 

..-· DRILLER: - • TCA.lT 
DATE STbiTED: \o·\~·811 · • 

I ~,.e DATE COMPLETED; . lq·tJ+' trr-•' tr....a _. ,rtELD. REP.: -. ftr"A : ...... _... 
• GROUNDWATER LEVELS • .. DATE TJ.ME DEPTH (ft.) 

/ / / 
/ I / 

. 
LOCATIONDESCAIPTION~~·~~~~~~·~~~'~~&~·~~~w~~~£=£~~~~~~~~~~~ 
SITE CONDITION _____ _.,t_.p&.:~.· t;.;.~'r~..· --.r.:."'-.''..;;;;._,.... '~......:P;.c:ee--.·..:"•"' .. r .. ,..li,._~:.=-.'.;..' _1.-IL"'ffl;...~..;...------

I - • • .. .. -· "' oa'T" 1: n , .... .... w .- ,. 
•• •r ·• ~ 

8LOWS 
ID PEA I ln. . 

."}~ ~ .>< IIR: 'S If 

.l;·T '-wl' , ~ .. s.c. . ...,___.J&-~t. 

., 
~ 

z ~ uses c 

3 
8 ., 
c 
t 

~ 

t 
t , 
' 
II 

/J 

• ,., 

VISUAL CLAS.IIFICATION . 
"'" 11'161 

s~ .u ~ '" • '""t St ,.,,.,-;,. •: .... ' 
c ,,.., .. ,.,, ... iC. c /. r,,. .41',.., 
,.,...,. .,. s,s, .. ~.,l,~c.r uw~ 

• 

'( 

• 

COMMEN~ ~~ Jlr-,1-lf ltr•- "1$ ~--•.w-· 
... ~ "'"'' .11111/J- • 

aAW~I•TY'I . . . '"" . ...... ..,-... ,.;, .......... ... 
~ 

••rU.IAI ......... ..... 
~ . ., .............. , .... 

-- ~- ------·-~·· • 

~ •. # 

. 
' 

. ' .. 

-• • 

• 
• 

. -• 



• 

·.··~ , . . . . .. . 

fir JACOBS ENGNERNG ~ NC. · ·. · .· · ·- .. 
f!li A&NAIICID IIITIIII OMIIOel. AUMUIMUI -.a.a.,... ·. . .. . ... : 

BOREHOLE LOG (SOIL) ... ·-r . :::: . .-.... Paoebt ~ 
L_o_c_A-TI_O_N_M_A_P_: -..• ~-~-~-:-~-:;,~-... -.--·~· ,- arra 10: MAn;«· .. ·. -~~A~oN tD: Nr-~ 13 

~~-·j= .. ~:;J A . ~PPAOX. IIT~1~~0RDIN:T .... E_,=..:,=~:.:··.;::b;..: ------
.· ·_..;·:,~~ ·-'~l GROUND ELEVATION (ft. MSL)=-----~ 

... .. DRILLING METHOD:_....,~tS~""---------~ 
DRILLER: ,., ,_,. 
DATE STARTED: lo=rz.·l'y 
DATECOMPLETED=--~~~~~l~·~fJ._ _______ __ 
FIELD AEP.: __ $.,;'.:.:'~:.c.-------------

GROUNDWATER LEVELS 
DATE TIME DEPTH (ft.) 

LOCATION DESCRIPTION 
liTE CONDIT ION 

.. .. • •• •• ... ... aLOWI 
... .... ... ... :::» 

DI,TH •• ... .. a. •• 10 a• ~ ID 'IR I ln • -~ UICI YIIUAL CLAIIIFICATION ..... . .. •" c •! ·- •I ~ . 
• > 

. 
I f~ S•&~pS t.\.11\0,~T e:.A-=64 f'ol·C)~ . 

. • ·:r .... 
.. a /' - ~ 11 7,f,7 IF 
- y 'L ,. 

_2!1.'$'" ~ 
,_.... , ... 11,• ,, 

_.,_. c.... >< ~ ~ , 
~··7 II. 

r \ v. ~ IE ~ .C) .. .,, , 
JJ.s ~~ ~ 

'"!' 

~~,,... , .. ,,.. ... 
\/ vJ! 17" 21 
IJ'\. V\. 

1./~A.P 

FJ.~ 7 r'\. f .... 
'8 ... I.A.. A 11ft -~ ~z.. '1,1"16 .,. 

~ rv'. ... 

,.,,1,11 
, 

"11.6' &£ 
~ 

.a.ft rA r4l ~~ _7! ., ,, ,, 
~ 

~ f •II ,,,,, 1'/ ,. 
_!fJ.S ~ 

.., -. 
.~., ~ m: U' , .•.• 1& . ., 

IV' 
~$' ' ~ .1'·J ~ .., ,,,,)( 

~~.s' 
... :1" ·.:· 

.. 

. , . · ... . . ...... . , •... 
. ~( 

. . 

; .:.·_; . ... ·.:.. 
• 

• 

COMMENTS: ~~:~j!f[ ftl-11,. G4A .,.., bD IA .. L.I TYPE 
A•~ Cllllt:!'jp 

'"" , It/ ., 
I• O.D. t.al ............. 
•·ro.o.uru .......... •·ru..- ......... , .... 

4110•AL•IMO•II. (1114) .. ·---· ________ __,;.. __ _ 

• 

• 

• 
--- s ··~ ..... 



. '·.· ... : ..... :,,-:~;.<:::,~:~·-..·-.:t_.·;~-,-,>:-'t;~::.··~~-tl~: · .. ·· ·:·~;.·~'-:- .. 
- 'JI J!.co8S ~ERNG GROlJ' NC. . ;~:.- :: ~-"'- .. :: .. : -:-.;·-~·-·: .. 

:.· .. :. 
' ~ ADY&MCID IYitllll DNIIM*. WMUI .. UI ONI&ncNea··:·~~-.-). , .. -·~,:':. -. _ 

! • . . . 
0 ·; ~ 0 

J BOREHOLE LOG (SOtL).: :-.~ -~ -~. { 'c r:}(:'·'. Page' ofL .. 
• •• 0 •• ·' ;; •• •• : .·' • -- -

~ 
LOCATION MAP:;~ ·: .. t ! a1TE 10: ·. Herc:ii c: .:~ ... nON,.,; lrt" to 

. ·, -A_':'. ·J.;:. . · APPROX. liTE COORDINATES (f~ . .. , . r-
~--?~· ~~ . N 111D E /~ 0 

~ GROUND ELEVATION (ft. MSL): . - .. 

• ....... DRILLING METHOD: 4.~ ~ ... •· . .3!. ~ DRILLER: Z:eA,.. -. .• . ... "' . 

• ~-____.;.'<~ DATE STARTED: /.(J...f6•1Y ... . . 
DATE COMPLETED: ... • 1 ttr~M' \~ FIELD REP.: riJ.LLIA 

-.· • GROUNDWATER LEVELS 

' 
\ 

N11" 
,.. DATE TIME DEPTH (ft.) 

- / I I , / j_ 

1 7 I 

LOCATION DESCRIPTION Noan-t crN'ft::l!l. Pel"'" 0 ,.._, ~...,~ fr.f:/! 
SITE CONDITION 'D&.D Qfo()fol2 rrif"E..C.:II 

.. .. 
0 ... ... ... "' I LOWS 

IAI .... ..... .... :) 
DEPTH 

~. ~· ~- 0. ... ao , .. ,. ID PER I Ia. Z.J uses VISUAL. CLASSIFICATION ... cU . .. c •! •• .. ; ... ' ?'lfi,., 6..S t 1i • > - v ·~ rs I I,/, I 2 Slf ~4~ ;'~ S'ISH., /'~>'*'tr "~e., 

-~ ~ .... Ute6( 

12.( E 1 1,1 .• J .,., u<4y ~l'f~J. ., 
r:\/ T 3 ~AV· 

A 

= 
,.,. 

c.s / 

-~ /'\.. '1 1,7, s. ., 
, v I; $" .a, a.~ ., 

~.S' ' 
~A lA. ' 3,36~ " v ., 2,'4. f 1 
1'-5 ~ 
69 II'. tx-: f ,,,,'1 

' . 1v ··":;;;Ill. s 1 ~ ... ., 
h,.t"_ :-

~Ills I, I .A ~ J.l "& " ,,. ~..,.., ;., • .,. ,.. _,N .IN'r 
,,.. 

D.,~L 
-~ 

~~,~y. 

-~· 
_-. ~~~~ ·-

-J. 
:0:- .. .. 

" .,. 1\/1\ 
' .. ~ .. .. .. . . 

. 6\'/ 
-~ . ,· . 

tl\ X ~l 11"' JJ , .... ·!:'· .. 
r • 

Z'J..S ~ . ' 

~ .... ~ IX Rs 1?. "-'·' 
,, ..... 

. \('·.~-(' . .. .. , l~ro-~ IJ s;s~ 
,, . ~ -

CS·) ~_, ··"·., IS f)Ut s~n ,,.,C" .. \ . _:} .. 
·,'• .... r.,~~ /(/ ,, f .. 

' .. I'\ '~ /f .. , ?,8 ~ .. b•.Z"· ·-z' 
cd~;JeN1s: .s :i~ ~ ·If. ;1,'t.f ~1A1'JA IA .. LI TYPI 

~-~.,. 
,, -~6·flltt.D 

A• ~ CtlltM~ a • I" 0.0. t.at J.D. _... ..... ., 

1'1. ·zs(. .. U • 1• 0.0. IAI" Ul . ._.. ..... 
~l&·~ ' ... O.D. ................ , "'" 

.• ·.· .. -:--.: ~- ... -~-' .. . .. .. , ... ( · ...... ---------====-------....... "··---



!io 

. c . ~ . • .. · ··- ~ .•. -?._.: ... :. -~ .. "7--· .. ~. , . 

GROUNDWATER LEVELS 
DATE TIME OEPTH (ft.) 

LOCATION DESCRIPTION----------------------SITE CONDITION ________________________ _ 

.. - 0 ... ... ... 
~ 

... -· -· DEPTH 
&. &ll> &• ... 10 •• ID ... . ., . .. 

: 
' •• ... •i ~ ' • 

-fl 

~r.r; ~ 

~ 
, 

A 
, 

\_j ,. 
A 'X( iPi1 r 

3~.$'" , 
I .... -~ l><:.:Z ;) _, v s 

3s.~ ~ ~-""'~ s .... Ll' 
• """" s 

..... ~l>< 

. 

II. 

11 

IR 

·~ z, 
z, 

BLOWS 
PER I ln • 

"&f.~ 
.-.~b 

W~lt~ 

1.~.6> ,,, 
t.1.f 
f,ta,'l 

"' :) 

z ~ uses c VISUAL CLAIS.,ICATION ,. 

17 

" 1r 

" IS' 

I] 

SA4 '",.~) FC. J4 ,I). ~~~ v- ~, ... ,,.., TCJ,,u~ ., 1,,....,, '*'"' ., r 

AS•~•v I' (Uifl'l '~Vfla Jll\~;£r ••'o:-t••.l Jl·,l!" .. ,...11,,,... 3f. 
~~ .. k ,~.,tt A.Sa*'o' 1'1/"'t .,..., .. IM~"""' v.~t~-

• 
&)a ~'f M•l\1 

Ul_- ~ ... .,.Ht1'11P IA~Pftd~ •• .., ts-,.. r~J f,lt/J) .. , ~> .,.,. 't ~,.,~ ~ 

~~ ~ff~~r &RY~~~~~ 
.. :.•. .. .. 

·~~··::·· ~: .. 
. .. . 

..... . -_: ._: ___ .;.. >.;. ~ ~-. ; . .. .. ....... .. : k: -~~!,. -·~ 
~ . .· . 

. ':"_.". 

. . 
~ ... : ,., ..... 

. . :. 

IA ... LI TYPI ... ,..,... '-"~ . COMMENTS:--------------------~----------
8 • I' 0.0. t.JI LO ........... . 
U • r o.D. IAI' LO . ..,_. ..... 

·~====::::::::::::::::::=::::::;:;;:;:::::::::~-1---'~·~r~~~--~·:~~--::·:'~~~--~ 
.laO-A&.•IMO•II (Ill•) . . - . .... 

. • .... . - ·• l ...... ~ 

.. . -~ ·: .. 

• 

• 

• 
.. a -.-w•v: ... ;a:c:a.c.+= --=-:-~-+ ~ 



. ·;:.· ... : . .:_~.~-~-· . . :.·.-~:_:_~ .. ~;~ ._ .. ::: . ;: ~~~>·:~ ... ~,. . ..,~ 1· ~':~ ; · .. ·~·- .. -· . ... :·· 

- fJI JACOBS ENGNERNG GRCX.P NC ·. · · .- . · 
. ..-....= AOVAIICIO mTIMI DIYIIICHI. ALiueUIIeUI MIATIOIII . . ~. · .. .. 

.. ·. ~ . -
1.-: 

Paoe1.ot.L 
·-:~,.. ... 

IOREHOLE LOG (SOIL) ·.' ...• '· .. ··.J ~ .. 
::"• ~- . . . . . '· 

.· ~-~ .. -:-~··: .. . 

MAP:--. ._~ · · .. . :; liTE 10: IJ.ArtJI . LOCATION ID: /;lr 23 ---" .. •' 

.-~~- :::~~.· ?1 .. ;. 

· APPROX. SITE COORDINATES (ft.): 

} 
....... . N . C'q:? E /IJ.,.,D .. . '~·· ·~ ... ·. ..... . . ~-"'· . ~ ·' . . . , .. 1 ,,... ... GROUND ELEVATION (ft. MSL): ' 

. 

v _,. .. -~ ... ;.·-:";.- .. .. DRILLING METHOD: l:ll6 . . ..... . ..... : 
.., ·l .~· DRILLER: rc•tt 

'J. . DATE STARTED: Ill: It·&~ 
I'' . DATE COMPLETED: •• ,, 

FIELD REP.: S•w! -lj ( ,_, i 
. / fN-11 

\ GROUNDWATER LEVELS 

~~;r.·~"- / ; DATE TIME DEPTH (ft.) 
~ ~ I 

~. \ ..-/' I / 1 
I' ... - I r I 

,.,~ 

a. ow\! L tat' .. (. .. LOCATION DESCRIPTION Noan. IJCJ ...... ~--~s WlSI T•De 

SITE CONDITION 6tocJIJ~ s,,.~,r~.., l'ri4~C ~ . ~· .,. s-.,.,, ,, .,~a 
- ,. 

0 .... -· ... "' "' -· ... ... ILOWS ::t 
DE liTH 

~. ~· ~- A. ... ao ... 
~ ID ItER I ln • z~ uses VISUAL CLASSIFICATION ·- •"' .. - c •! ... •f ~ . 

A • > T1l '4.1,.., c,;, 

~~ 
v v r- s I 2. },., (, S"' eSi4NIJ *"" -~ 

I cc. ftf C.•A'I S..,.., ~,1 "'~•IT tf-!1'1/ 
V\ [A rt s_ " '· '· , 2. ~~~~6 l'•_,r ~··~~~ IN ~'fOIST CIJJ "( 
I\/ r'\.) I ~ 

~~~ X 7\ ~~ T J 
.ss " , 
_A lA '2 ... l' f( , J Jfi,'Q. ~., "¥' ,...,.., 

.. rY s s ~j, ..1tf1 7 s.s- ~'" .... .A ~ " ;# ~ ..,t '4\1 ' , 
'/ ; ., ~J!"'~ 1~~ ., t:Jt.A S Slf~O L~l•' 

II•S 

~· ~ 

~-~ 
(' 'tS-4 

,. . 
" . I •· 

, .. 
~ j 

X .. i!ifll' Ml -.,.y 
" /SS 

'a'' s•,• l.itlfftc • ,,_,., • 
~- 7' ><'1 !j 10 S"' 'I i 

~·· .. v .; , . ,,.., ~~~ &UJ' S£ UIIIIJ~ N.PI Nl'tr "'~~ 4,_'!" .. ·,J 
18.S £ 

, 
Ht''( 

.. _ A X "" t! ~l(.S' ' \I \. . ....,· .. • . . . 
!A. lA T IJ ,, tllfNIIt • a:z,.r I 

10 ~J ~ _~,..._&,;,} ~(~rN~,--. ,~·: ..... ~ :) ,, 5r ~. ' ' . .. ., -.; . r&t~zr' . . 
. . .. . . ,.,. .. · . 
.·'i' 

COMMENTS: !a'1 jJ(,(a n ttFvt,~ • tf IA .. LI TYIII . 
• -~ '"'''"'l' I • t• O.D. 1.al LO ..... ,, ... 
V • a• O.D. I AI" LD. tliiiM ..... • . ,.ru. ........... .,..., ..... 



. 

. . 

IJE JAC08S ENGNERNG GROlJ> NC. .. -~ '- . ··' ... ~·~ A ••• •• ·-. . ·: ... ~~~- .. :'\::-~--.,-.~~·.···~·= .4.,;. •• - ... --=-= AINAIICID mtlllll DIYIIIOII. WueVc .. UI Of'IIAftOIII . :· :~:-•· ;: • ·. ~~"t";-~i . ~- · ,::: .. 

IOREHOLE LOG IS OIL) 
--~ ,: . .. .. . · ..... · .. : . . ..... -. ....... Page_ot _ "· __ ;;, ~';:_..:~;-~-~-·.:~.-.t~_-, :· __ ·: -~ . 

~\T u:. LOCATION MAP: -~ -:~·:;~ -~·- a liTE ID: lo4AT""OI LOCATION ID: ......... -~ A APPROXtllTE COORDINATES }''J~ •• ..:·~- .;.-: > 
~. ~ ·/:L · .. , .. 
';~. ~· .... ~~ -~;.. .. N J.tD f 0. -~ 

- • 41tP.{" . - GROUND ELEVATION (ft.)'SL): -·- .. ~-- .· DRILLING METHOD: -.., . ·:.;·.:·• ... 
• DRILLER: .,..,.,.UW~• sr . 

. • DATE STARTED: t.l!. .. ,., . '~ .,. . 
DATE COMPLETED: t:1ZJ· ¥ . 

·~ 
FIELD REP.: -' . GROUNDWATER LEVELS - · ... " ~ DATE TIME DEPTH (f1.) 

. ' , 
" afDIOCMN~~ I 

( J / / 
r _/_ / 

" . . 
LOCATION DESCRIPTION &.•""'"''" _.,,e ... !a. [ hlft'ol 

SIT£ CONDITION 

• .. • •• -·· :I ... ILOWI 
Ill 

i£ ... .. -~ Dlfi!TH ... ·- ID a- UICI YIIUAL CL~IIIFICATION 10 •• ,.. ... ._ ..... ... •"' ... c •• ... .... ... . • ""''''N6r • 
~ v s ~'- le '• I SM ~Af/0 ,... kft!J4Illllfr, .U..J -~sr .•. r .... .3.. 

..... 
~ . -- ' A ~ • '·'· ~ ~c;; 

;. 

~ _, 
~ J st.'S (c~ ,._. ... .," ,.~ .. 

~·'S" " ~- 3,"5.f 7 ~~ "' ~-.J ~ -,.r. /~C4I&"','f4>14tl#ll ,.,,~ •• , 

y v r ~ 
&.~. 7.~ 

- I' lL'\. II ~ ~ llfw~ ''- ~ "' • It -•,. •vy ~"#'~ . VI" 's ' l,Z.) s I ·~ UA•r~"Ca 
lfl.S ~ 

~~ 
-·· .• ,~· t ·- l.X 2 .,.s-,r ,. ..... v X ~ _0 ,,,,, ~~ $.,- ,..,;~I• t..._,OY 

r~.!J - - II ... 
~~ ~ .s 9 lt',s;~ i I~A-...,~, StHNI£ ,_ 

~~ 
_, 

rt 
c. 

_fl, .'i ,,'fJ -u c..tY 4f""' u.,~,.;ll} -- s II ~11 '1 I , ..... ~ . 
Ill'" 

~~.· 1r ~J .. " 
.. -~·. 

.-./"U 111; ~ 
.. . • . . . ... -~~·:; - '·' tp .'I, "j-. I~ "'!- ~,.,.~ ~· ~ 1tf1c. ~,.,, /l'fllllr -· ·-.~-

·.£J;s- __ .... ./ 
'""'"~ '" •· z ... ,_.lf.JN.rt · ,_~,. C4.111.,#• . ·. . ! 

; 

••·r £~~ "" 1.! ~- ~ 
"'~- ~--.. . 

. 
~- • . . -': ., .. . ~~---· 

.· . . -. 

CQMMENTI: IA ... L.I TYN 
·-~&..,~ ••• o ... t.M ............ , , •. r ....... , ............... •·ru.- ......... , .... 

• 

I 

.-· 

• 
• 

• 
_______ _,_ _________ -· -··- -· .. -~-· 



.. : . . '*-'·· ~ .. ' . . ... 

rir JACOBS ENGNERNG GROt.P NC. : · · .. : 
f!l! &DYMCID IYITIMI DNIIIOM, A&.IUeUI .. ut OftiAYIONI · ·. 

~ IOREHOLE LOG (SOIL) . • .. ... Pagelot~ 
·. ~-L-O_C_A_T-IO_N_M_A_P_:----.• ::,-.• -. -~-f.1'-.---,~ SITE ID: HfrlO I :·;::iLOC~TION .ID: \4T"' 2.. 

~ ·~--~~~· .. ·: ... -· ~~ A APPAOX. liTE COORDINATES (ft.): 
.• ." N fS'I~ E /Nf4 

··: · ..• ' GROUND ELEVATION (ft. MSL): _____ _ 

,/ .,_ 
.. I' r· .r-.. 

f.:tJ~· \ 

·. •t"' q \ DRILLING METHOD: ~--.cN.SAr.~a.--------
•\ DRILLER: 1qt!C · -

DATESTAATED: __ __..~I•~·~~~·'~~---------------l DATECOMPLETED:--~~----~--------
.Jio ""11. FIELD REP.: ----.:S.;.i.;.;c.~;.;;_.~-------

GROUNDWATER LEVELS 
DATE TIME DEPTH (ft.) 

J / / 
/ / 

I f 
0 

LOCATION DESCRIPTION M-" ""''~•\" o~ UwJ~L9•..t.. 
SITE CONDITION SZ>• s~.,.~r lA•~ Zf ~~., 

DEPTH 
~, 

\ /~/ ... J 

ILOWS 
PER I 1ft. 

, '·' 

Ill 
::t 

z _, uses c 
> 

? ,. 
8 I~ 
? , 
II 

1'/ 
IC 

IL 

, 

VISUAL CLASSIFICATION 
T.at&.INC. .. 

&4A, Mtlr 6U7 'C!' ,_,_,., llf/'t. 
~S &ArtliiVI.,fY/!Af iU#'"MDtcta/~1 1' 

Siiiii#UIV~IIf •II wily 

C..'f ""' bt/fltA IIIlA. J~ -17 • 

&611., "A 

$114. If • ,.,~,;,.,,. (JAh.,. ..... J ,._ • 

,. ... 8~~.- cc.-ar£A~a.s t~,· .. zl.r 
,,~~1::';¥ ,...,.,#) .· .· ~ .· ..... 

: ... 

COMMENTS: __ .._.~n~·~~'~C"~~~~=9f.-3~·~z~~-------------------- IA .. LI TYPI 
·-~ ,.,.,~ I • I" O.D. 1.11 LD .......... .. 
V•l" O.D.IAr UJ ..... ...-. 
~. r o.a. .......... .,..., "'•• 

------··• --·-· -•· w•-· 



----------~~~~~~~~~~~~--------!JE ~~~~~~~ ,:·~_:_ .. _:: ;·· .. 
. BOREHOLE LOG (SOIL) _.:_ --:·'.,_·: ... <~·· Pa;e1..~t !:. .. 

- • !lol ...... ~ ... -·w • r 

-4 _L_o_c-A"""'T-ao_N_M-AP_: _____ ----.~ saTE 10: HttrQs LOCATION 10: Iff 3Z 
_ '• '¥~~ . _ ~:' A ~PPROX. SITE ~~·N:TEs (tt.~ o9"'a 

f~jj;c~t ' g:~t~~ E~:~~~:?:N_(_ft_. _w_s_L)_: _____ . -

-( 

\.,__ 

( 

.ro 

It 

. 
-p 

( 

-

· .· · -~·r ··""·· . DATE STARTED: ll'·tw·J/f( -~ 
OATECOMPLETED=-------------------
FIELD REP.:----------~-

GROUNDWATER LEVELS 
DATE TIME DEPTH (ft.) 

LOCA TtON DESCRIPTION 
SITE CONDITION 

~ .. 0 ... •• . .. 
~ ~· .... ... 

DE,TH •• ... ·-•• 10 •• -~ cU .~ 
•! ... •I .. .. 

• 

;a 'J•~ ..... ~ ""-f ~ 
~ A 6~~-- I~ - "V" y-· ... 
lt~,r ~L ...... ~ ,,.. 

lr\ ,....., I~ - rY y ~· 1::-

.JJ.$ II.: !• 
./" ,...,_ lr. -~ 

\I 

~ A r 
J7.: 

IE 
l£ - A -· '/ -

't'O.~ 
_,._,.,_ 

~"· 
A .! 

BLOWS 
ID 'EA I ln. 

- ,..,~ 

I if r.•,& 
zo $"5~ 
Zl ~.?,? 

z.z. 41 ,, 1 

~3 lflicltO 
~.- J.J. f/ 

~ •,r, 't 
:Zt. s-.,, 

"' ~ 
Z..J uses c 

> 

14~ 

( , 
t..( ,, 
·~ \ 
13 

7 

' I~ '~ 

~ 

VISUAL CLASSIFICATION 

S•SAN~tl •r1•, 
tSIIW _, lA..._,., 

Wl'f" e,.,.,,. Sc. s ,.,~" 
44'1.' ' 
.tii"D~ /llitl'f)IEC'C' Jlf,,,., _4 G,,..,~~ 

ll6D I ~w.~~. ~,.,i,. 

~fJ,o. 1D ac; P"'\lS"~(fn' 
~~ ZMII/JI'IONie 

~ 
. . p_,S .ai'<.T~ 

•• a. ... , .. , ... ll-

. .·.'\. 

• 

I .I. COMMENTS:------------------ .... LI TYN 
• • I' 0.0. t.ll LD ......... .. 
U • r 0.0. J -•1• LD. ,.,_, ...,.... • 

~====::::::::=:=:::::=:=:::::=:::=:=:::::::~-1--.!'~·r~OA~~::·:•--~~~-~·~·~~--J 

• 



~E JACOBS ENGNERNG GROll' NC.· . ·· .,;.;_.; .,. ···· ~ · · · · ... 
~ ADV.ueeaD IYITIIIII DM1101C. ALIMUI .. UI OfiiA~. :: :-: .. ~ ; . . .. :··. ·. • ·· ·- ... 

. . IOREHOLE LOG (SO ). ... . ··. •· .,~ :: . ' ' IL · ... · .. -~ >·.:.~;.~:·~·:-- Page_ of_ · 

\: . ;...LO_C_A_T_IO_N_M_A_P:-. -,..-~~---•. ~-., ... --.. -. -. -,- SITE ro:· ~ATQ) .!.·: -~~~~;.~N ~0:. ~'"T ~3r 
. . .·. ~.-.. -.~ .. :.~~.~ .. ~. ~ .. :.·~··.·: · · · ~- A APPRO X. SITE cootJ ADINA TES Ctt. ): .... \ t ., N • ifF' E _ul/!;.::~~12;,_.-___ _ 

t..o" cf\ c;.~~. ~ . . f..~ ._ · . DRILLING METHOD: f{SA • '"IVT'IN/WS 
,,\.~;(·,~!~ \\r\ GROUND ELEVATION (ft. MSL): 

~o., . . .._~ ·\ DRILLER: 1'"c..t.T1 · .. , 
"{D~'" · ·. \ . DATE STARTEO: __ __c.1.::;11;.;.·~N(:~·/1~t--------

. \ \ DATE COMPLETED: - ·· 
. -~ ------a..t· I\ FIELD REP.: .s;,,.,A . 

>I' J 
GROUNDWATER LEVELS 

DATE TIME DEPTH (ft.) 
I / J 

I /. L 
I 1 / 

• 
LOCATION DESCRIPTION ~Wt'-?S ,-., i!'; ~ trt r\~ 
SITE CONDITION !:let tozl) t wt~ 

DEPTH 

.. .. 0 

:: :! :1 "' .. .. .. ~ 

~= !8 ~= > 
•! •; •r ~ 

ID 
BLOWS 

PEA I ln. 

~ J '. t,J. 
A A 5- 9 ?,2.,J 
?v s ~ ),.,~., 
~I''\- •• 

A. .AJn1 ~- L... ~Zi't'~ 

~~ J.J S ? !_,Z~ 

-1!9._ lA 1 /\. s 1- ·1' ~r s 
~~.) ~v ~ 1- ' .13,.\J-

V'...x... !.i. § ''~ 't,'f,S 
vv ·~ ~ '' '/.S.b 

.. 
,,. ·5 ~ ~ iilr. tr i2_ i',f, 1 
•• ~l/\ ·1, 

'7 
rl 

IO 
'S 

10 

~ ,. ,. 

uses VISUAL CLASSIFICATION 
'T')'. Lt~b~ 

$1.nr;, f:C. S" .S ILT'f ~if· ta~'tl"l' ro H:~·r 
t .. "••ts" 

~ ".,o~,., .. 

~ .... 

. •... .... --. -··'·-··----~----.. - ~ •.* .. ·~-~"!'7". ·~. -.. "i.:'"'l41J;"';".-· ""'-"'"!""':'~o:----+.-...r-:...-......;.---
·0:-... - .• :~*':"'.,'--.\ .. ·. 4. :· ~--~~~~-



( 
t··: 
·' 

• • 
• . ,. 

• 
• • • 
I 

GROUNDWATER LEVELS 
DATE ~ TIM~ DEPTH (ft.) 

./ , , . . 
LOCATIONDESCAIPTION~~~~~~~~~~~~~~~,~~~~~~F~L~P~~~t~w~~~-~~l~C~~~~~· 
SITE CONDITION----~--------------------

ID 

.. IG•AL•III··II C tit •J 
. '! -:J'.J1 

ILOWS 
PEA I ln. 

. 

• h ••• •• 

"' ::» 
z ~ uses c 

> 

, 
' " 1 
a 

, 

.. .· . 
•. 

_j 

VISUAL CLASSIFICATION 
~ILl IV~ 

$,fi,.I&Jrl' ,.:._$,,., :, s .. ~o~-:~ 
• • ._.,.. ~,., ..1/11.1 _,II 

~, ....... 

.. -·· ,. 

aA .. LI TYN 
A • ~ C .. '"'l' 
1 • ,. o.o. '·" a.o . .,... u-• u • a· o.o. , .. ,. a.o ..... ...... 
~ . .- ............... .._..., ..... 

• 

:.-1 • 

. •. 

• 

• 

• 



.. -~· --~-----............. -----

GROUNDWATER LEVELS 
DATE TIME DEPTH (ft.) 

LOCATION DESCRIPTION f#r DN lli,E /()'1 ~ H1ll61 IN.Srk1-M"?,A' 
SITE CONDIT ION "J.J ~I'- IN~ - J.oW r 4 D n .. £ 1Z)..V Mc.ll •As r- SD ur?¥ 

.. ,. • I •C •• 
~· 

.. 8LOWI I li ... DEPTH u ,. .. 
ID .... UICI :; cu ... > PIR I IL c VIIUAL CLAIIIFICATION ... •r •I • 

tt1 -
SH- _'fA 1'-IV~ ~/L&i;l rtJ.J6U t-.lF"I:> S"~[J 

N'i ~t# $11/I.NC,£ ~~y 
·;, ..... ~ u- .f .. u,A.4f~ ~~ '" ,J ~r .. 

-~ 

,., 
I 

To lA 

~ 
IS" 

:~. 

' 

.118-AL•IN8•11. (1/14) .. .- · ~ ~ : ... · 

,,. 

r-,., 

IS 

~ 

~c.on t~-.rJo, 7'CJ lb...,J.-11~~~ 
J .. ,~s ,.,1,,,. 

,.,,, • ...., ~~ S',.,~tf ~-b~rAJAJ 

.. 
6~ N.t/ . 

. 

IAWLE TYPE 
a-~ cwtt~ 
8 • r O.D. t.ll LO. _.,. Nlllllte 
U • r O.D. tAt" LO. NM ..... 
T- r O.D ........... .,_., tue• 



' t 
~ 

.~. '-!" 

[;IE]~.~~~ 
.. . 

. .. 
IOREHOLE LOG IROCKI Paoe.Lot_ 

'·BITE ID: · .J/M:. IJ I 
. , . ·•· 

LOCATION MAPl . ·'· ' LOCATION ID: 9JI · ~ 

.· on. ·~ ~.·~~.. .. ~· APPRO X. BITE COORDINATES (ft.): 
1 

• .. ,, ' "' ,_, \ ,,- N fl£/0' E tAp£!! ·'· . .. . 
.. ''''''''-' ~ I GROUND ELEVATIO~. MSL): bl ""'' . ·.·• 

. '· .:. . I 
~ 

' ' ~~ ::tt~~~ =u~::zrs. .. 

f, ... ·· . DATE ITAATED?' z .. 

~' . -:· ....... . " 

DATE COMPL~: . ·'•. 

" ~~ 
FIELD REP.: -&"-tt.~ 

. c:>. "' ' . GROUNDWATER LEVELS 
tfl I ""v-;-'~ \ DATE TIME DEPTH (ft.) 

-
litO jj~: 

. 

LOCATION DESCRIPTIONJ.?!:~E -H.. E. ~~ lt.!l. ~-!!~ 
SITE CONDITION ?28'Y -G:-..-, 

' ... • ... OIICONTINUITIEI • ~ ... .... ., .. • . .. • ... 
= 

... :;o III.J ., 
• ... 2 ... ...c -- .,_ ... lSi -0 .. 8PACING ORIENTATION • a 0 aOCK TYPE 
~ 

.... o• .JU •• 0 .. ~ -c uo ·= .Jill 111111 ;· z 0 I REIIIARKI • •• u i• . ... WIDE CLOIE HORIZ.- VERT • ~ I o., .... ~- oo u• i .z •• • c- c ~ 
0 -= ri • 0 .. -

~ .~ 1 I I • I H •o• v 0 • ~ ... 

::..>~ •QJJ'J_~ i . i )( ...... ~~ .,J.j .~t ~ ... ..,, '*"··~ ··-r- ! • ...... 
... .•... ·-· . .... •••.• ·...,.... .. ,.., .IJ.. ~ 

4c iffi-- -~-H . .,J5 ~~4'~~ ... ~~ 

~ IJJ : f --+-t~~: - ~J ~I:J ·/II I I ..,~ 
, .,.,.. 

-- ~-, ·--1-. ~? .. u. . . : I J ~, 
~ ~~ I •- -• 

--+ : I · •• 
• • I • ~ ~ .. ~ ,. ···~··· .....• t • • ... ·-~--· •• ·- __ .. 

~· 
~~~ v'5 

- ~ lfi~ ~ 1-.f)s y ~ ""~ 't..f ~,,,~/ ~U,J.-,. . 

·~ 1/, . 
~ ~~ .. ,.1 Jn~•J, t»>~ 

~ 
Ultht • ...,.,.., lw 

1/1 ~ ~,._.J J-.11/. 
\ ., u.-..1, /tl ,,.,.Y, 
f t/J IM'~ .. ~,.r .Hv-

. oollll ""',.. ••kil~ - 1/f :tJ IQ lfJ..\. t') ~ 1 l l~oUI ·,r ill~ 
{6 t -~ j_ "'~'~ d 

,,,~, /M4 ., -' 
~ 0 """'I '-' ~., •• J 

~· ... :;,:·., 
~ Gl D t4 t/ '{ l ..," ,r ~~~ R"' 
··' 9 f.) 0 __[ X t ~· I( .-.FI h II•'J 
'9 D 0 . ~ i " ~tl I} 

COMMENTS: • Mlalcl , ..... ' ---·-·"'-••• ttl lieU- '"· -· • • • •n c.t- •uea• _. ....... ··--c-. ··--...-1100--
' ··~ • ~ & • •• ~. • • • 

• 

.. 
I" • 

• 



hi
~ .... ~,~~.-..-...~~., ........ - --- .. _.._.._~~ ~ 
AIWMCIDitiiWiMieoel.~~ , 

·- IOREHOLE LOG (ROCK) ·- .. ·:· .. , .. : .. :· > , Page~ot_ 
·.. ... . . ... 

----------------------~~ LOCATION MAP: • r': · · . ~ 8ITE ID: HAf' .. fJI LOCATION ID: 911 
~-~').. . . . '··. . ' A APPRO X. liTE COORD INA TEl (ft.): • 

·:::y-x::·:·,:t}~=·u·~ ... :- ... ·"· 5m~~~~!;"~3!:.~:~ 
•· .·· :-:, . -· DATE STARTED: 1 -R.#' IIC 

~:. ·~ -~.- DATE COMPLETED:.._.--·-~~--..-----
, ., ' FIELD REP.: ~~< ¥Lend 

GROUNDWATER LEVI :LS 
DATE TIME DEPIH_ (ft.) 

LOCATION DESCRIPTION /'J,.. r .. ~l-• A I~ ,... AJ ~ L """ ~ L, ~~~~ -"- d~., ~ ~e 
SITE CONDITION -----~~'''"''oJ__..Il~.~~ ..... ~'-~1'"""~·•L.IJ.~v------------
- i :i DIICOMTINUITIIa ~ ~ 

; ": .,: '!i =~ .·... ~ :0. fl !: ~= ~U. •= 8PACING ORIENTATION ~ _ 

i !pi ·~ ~; ... ~W-ID_E ___ c_Lo_aE ..... HO_R_I_z_.-__ v_IR-IT-4,,, io s 5 
~ ~ I a • I H ID- Y ~ 

•. · :~:.:"MENTI: _...;_ ___ ...;... _________ _ 

... · ..•... -~--

aOCK TYPI 
I RIMARKa 

-- -·---~----.....-·.s:o ~- -::· ~-:..:.. .::. 



.... -
-·am 10: J/4(.()1 LOCATION ID: !tt • 

APPRO X. SITE COORDINATES (ft.): • 
N E------------.--

... ... :, 
:·.: ·, 

GROUND ELEVATION (ft. MSL): _____ _ 

DRILLING METHOD: IJie "'''' ''~' 
DRILLER: Jth..,f I e!el"'"' - I M-' 4 
DATE STARTED: • 2,/ttlt:C 
DATE COMPLETED:~~~.....-------
FIELD REP.: /. II#II•,J 

... • ·. 

laRC UNDWATER _LEy_ :LS 
DATE TIME DEPTH Ut..l 

C. t.f 
t ... 
" 

,, 
, 11 
~ 1J ,, 
, 
71 ,, 
'' '- 11 

t ,, 
~ ,, ,, 

( ~~~ { '~--~~~~-*--~~--=-~~~~-~-~====~ 
'-·' 11'1

11
U .. U.JII!! • • •• .,. --~- ·"· -· • 

- ._,, ··-------------~--- •••• ,.ce.r ................. 

· ..... _..... .. 

···-···--

• 



• • 

·.· ·. 

[If w ~ ~ ... =-~ GRa.P N:. 
. . .. AINUICID liiiiMI DN'IIIC*.ALIIIMatllll......,_ 

,,_.. _: ·. :IOREHOLE LOG (ROCK) ~. · Page~of-

:J _'-.o-.~--~;-_ --.;-,.-A-,-=--#-.--_---:_-;:.-:-----~-------~-------.-_-A"'!"-. f~Rg»~. :: :~D~N~~~~.~: Qll. ~ 
·· - . ·. . · .. ~ .. ·. . · - . . N E . 

.. 

!·-:·f_~ -.; ~ :.· . :·: ·· • GROUND ELEVATION (ft. M-8-L-):------

-• 

.... . .. ·.-· ~ 

DRILLINQ METHOD: ___ _._ _____ _ 
DRILLER: ____________ _ 

DATE8TARTED:~------------
DATE COMPLETED=---------
FIELD REP.:---------------

QAnUNOWATER LEVI :LS 

LOCATION .DESCRIPTION---------------------liTE CONDITION _______________________ _ 

a REMARKI 



This page intentionally left blank 

 



• 
TAC TEST PITS: 

ON PILE 

• 

' 

• 



This page intentionally left blank 

 



.. ,_. •. 

' 

• 
$-TPI 

. .· . . . ~ 
· ..... . . 

. _ ... .-:. \-

8AMPLI TY'E . -.,.. ...... , ... ,., ··"''" ·- .......... ·- .. ...., .. 



" 

• 

IROUNDWA ER L__.YELB 
DATE TIME DEPTH (ft) EST. FLOW lGAL/MIN) 

AltnL. 

LOCATION- DESCfUPTJON _...,.,..,,. -r-"J._ ~.JMJN- ., ~r .:L. ·
1

· ~ ~ 

(
-··. . . 

i 

liTE CONDITION .Mdi'/JiL. ~!Hilu ~ lln-niLJ I ' 

DEPTH 
(ft.) ----

, , -, 

v 

. ··~. ~· .. 

~:~·.;COMMEN 111: 'T ·" ,.,.,,-'-., 8 IJ.C' »: G-
.. r..-: .. ·•· ~- ~~v ~' "'•"" ... .,A . z-S"IIIUI .. ...~ .... _,_ -~ ....... --. IAMPLI TYPE 

. ~ "J.u....(JI .. ~ , ~._ ~~ ~ .Ah ~-~ ~ a • ..,.,,.,~,. ller.l la"'Pit 

"',-· Pf¥=· , , ..... ._.., ........ 

• 

• 



. --· 

• 

CATION MAP: 

- .. ,.·: 

"· --~ .· ·-~~ 

. -. -~·-. 

.. 

_ ..... , : .. ~_-· .. _ . .. ~ -~- .. '._; ...... 
. • -·. ·-.---

LOCATION DEICRIPTI 

. . . . ...... ·;_ . . ~ ... 

liTE C.ONDITION -----------------------

.. 
· .. 

. IAM'LI TY'E 
• • UHiatw••• llor.k Ia"''" . -... ,,.. .......... .. 

.. '·:_ _ ____ -:._...:..:·n..:..:.o•-.. •-:.:.:-_:.:· 

• • 

• 



_ • rP .WXU ENGNERNG ~ tC. 
l(i. AI'IJ t• ltl1t•l~.,._~......_ . 

.. ,_.-- · TilT .IT L2f ..... :.··-· ._l.o1!. 
I'" ... ,L_o_c_A_T_.o_N_M_A-.. -:--.-----!··••T•ID=Jf~, ()( LOCATION ··D= re-t 
.\.

0 
r.o.:. ·. :· ,·::).·:;;. .. ~·~'-. ~ ~ APP~IITE COORDINATE,~ 0 

( 

\.. ·o. 

0 .. 
•.. 

, .... , .. ~. 
·. 

1 

:'; -~0 - ; •• , '··::. ·: > · .. 0 • ' N !!f:t!!::..'ft/.1., d I -~ • 
• 0 ; :'t 0

··'0 ·~' • •• 8ROUND ELEV. (FT. MIL) 

• · Jt_-::1.·"--~::·· ~-: .·.. ~~~~~t:t~ire~-z·-=·=--.-._~w;----: 
: zc .. .., · •• .. PIELO RIP: f. s: ~ 
,,,. , :~0 ::~0 ~:0 ltEHAI. DA_.T..,.E.-: -....:)lti£~F-tiij-~"~'",'C----,:Lk~----

\ 

tiROUNDWA EA LIEVELS 
[I)ATE TIMIE DI~TH (ft) EST. FLOW COAL/MIN) 

'V~ 

LOCATION DEICRIPTION_Mt~~~-~~~~~·~.,~~~~~~~,~~~-~~~~~~~---~ 
liTE CONDITION -----'' , ___ _._..;._,_ '---------------

DE~TH 
(ft.) 

t..~. 

~· 

~.0 
-,.~ 

. . .·~ .. 
• ~. '! • -· -· .• • 

"::!<;;· i ·~ . ;;.;_;: .. »~-;;;~~,s..;~~- :~Y::f~cre~l~:~ 
~~MMEN 8: r:on~~ 4--~Ml. ~ ~ ...... -'lA 

2-9'"~~~ .4Lttta-&4 .... ~~,J V 1 r~-.... ~ M~•t- ....., IAMPLI TYPE 
-qJ~.i!l.., -~~:.. - '1. .~ ,., r~ •-· .... . -""" ... , ....... , .. ..., .. 
II I 

8• 81atWH• luli& ..... .. 

~- ... 

I •• 
• 

• 



[If .... ~~ eGt€ERtG- 1•-.c:-
~ Al'anc• tfin.IMIJM.~_......-

. : · _ ·.TilT PIT LQSf . · _., PeeeLot L 
rM_ .,_0-CA--~-,--~:-:1.·0·._·-~,N-__ M~A.~-~~--:-. -----,."'!'-.- liTE ID:Jf4r D/ LOCATION ID: rP__r
\..~ _ . __ _ ·._-_· · . ~ t''~J1081TE COORDI~ATE/Jil'-

. ' ·· .. 8ROUND ILlY. (FT. MILr-)_,_......:;,_ __ _ 
.-. · ... ,. . .. 

' ·· •. .... . .. ·.. \.;:~; 
.;..-... , .. ~ . 

: ·:.· ~- -'.~ 
. . 

. ~: . .. ~ 
..... .• ... • . '£ •· .· .. 
• • . 1 

. , .. -, ·- .. -·:·. =~~:::L~A;:~:~;rJt;Z~ 

riELD REP:~B:..S"'-~~-..----y-.......-,-~----•·. · CONTRACTOR: ~~ :~SEI 
REHAI. DATE:. ~ 

. ~IR IUNDWA 'ER LEVETS 
!DATE !TIME IDI PTH Ut) lEST. FLOW (QAL/MIN) 

1\rN.J.-

LOCATION DE SCRIPTION L hf'•II'OIJr I «rh·"="~'-li~J'II..,:""t, ~=--..._ ___ ...._ ______ ~ 
liTE CONDITION ' " ~ 

-

-. 
·..:..-•· _ ....... 

... 
• ~"!"· 

.. 
'· •. .. - : 

~ 

. ...: .\ . · ..... .. 
.... -7 •. 

IAMPLi TYPE 
1 • UNlet•'•• Iter.• le"'Pit .................. 

. ? » • I ,-,.............-·~·.•• ,,. .. ~~- .. _.,..__. __ ·- --· 

• 

• 



This page intentionally left blank 

 



• 
TAC BORING LOGS: 

OFF PILE 

• 

' 

• 



This page intentionally left blank 

 



~ ·:~: 
. : .. -· .. .. . ·-· . . ~. . .. ·. ·.·- ....... ..... ;· - ._ ....... ~ ··~~ . . I'·• . . ... .- .. : .· .• -

; m J.t.COBS ENGN£RNG GROO' rc. --- .. ·.···. 
.. - ··. . . . -
-. u:;.::. UVAIIeiD PITIIIU DMIIOI&. ALIUed~UIOfl ...... 
. 

IOREHOLE LOG l801L) P I t -· 

~~~ 
. age_o _ .. . ': - •' 

MAP:~ A 81TE ID: YAT"o ~ LOCATION ID: "!fT·I· 4:f I 
-~--~ .. APPAOX.I:_IT£ COORDINATES (fi.):S' 

-~ 
· .. : .. -~:··:-'·~ .. , .. :. ~ 

-~.P,; tJ --1 oo E !I ' g 
,. 

~- GROUND ELEVATION (ft. MSL)~ ~~-:; ·.- • .. -· I 
. . • DRILLING METHOD: '"'" ~ . 

J l. • 
DRILLER: :r~-n ! 
DATE STARTED: 11 ·I~Fi1 .,. 
DATE COMPLETED: .. 

~"'oi 
FIELD REP.: su .. "t 

~~, -
c.' GROUNDWATER LEVELS ~ I DATE TIME DEPTH (ft.) ... .... 4, I _I I 

/ / I 
\. , , , 

·' 

LOCATION DESCRIPTION SoJn.4tw' MST ,.1\tl~ A&(; lo 

SITE CONDITION koc.•:r: •f!F.;, 

- • • •• •• :t "' 8LOWI I i! -- ~ DtPTH ... ... ., 2-' UICI ¥11UAL CLAIIIFICATION 10 •• ~ PE" I ln • ... . .., ... c •! •• •i ~ . • 

.. ,. ::'c 

.... ,,~ ,, 
~ 

lA ft?O 

~IJSE/1. !s ~S~.IE ~,,.,(' ,s,.,.,,). ,.,,. ... ,,._,.,., .. 

~· 
~ A oo• ~c-D&,...,~.w~ 
>< A .. 
r. . J,-. J·'flo~r r,,..,.. s~ 1:6. tS;&.,.., ,... GAM': tttf 

4'·S' ~ ~ ~ (/Oc.J:S :;;.. ,. 
llfl 

~ 

nv,~,., 

~"' Rrtr•f~-rs.._. 

TP-· s I 

" 

. 
. . f.· 

' 

COMMENTS: .,_,11 ¥ ,,~ .,.., ..... "" t IMkc. 8A .. LE TYPE 
I: t"&~u:w; ... ......... . . .. . •·•·u.urLD ..... ......, •·ru .................. 

• 



. ~ ·""·~·····- .. . .... 
..... ·-· • ·. ~ -.·..::a··; .............. ~. : " .~ ·...... . . ... 

• .: • j 
~ :.- ~ . . .. 
·.· .. 

. ..• -· r1'r Jt.C0aS ENGNERNG ~ IC. .. !Ill AOYUOID mtaiiiS DMIIOIC, Wueiii .. UION~ 

BOREHOLE LOG (lOlL) ••o·elot~ ,,.... _____ ..,.... ___ !"-"""~~..-. . - -....... 
'-OCATION ;~:t, ' . ' ) A ~R~~- •• ~~~~~~T.U~' Hr·l-#: .. ;~ 

::.EA GROUND ELEVATION (fl. MSL): ·· ···.~ 
DRILLING METHOD: ~..llti~Su:~=--------_,; 
DRILLER: ,c.lcjT 
DATE STARTED: 11•/D~~ 
DATE COMPLETE_D_:_...:.;~;:;;., ... •E..oi~~~~."""'tr-"----
FIELD REP.: $\~t, 

GROUNDWATER LEVELS 
DATE TIME DEPTH (ft.) 

, , ./ 
7 7 , , 

LOCATION DESCRIPTION ~~,~t.. lc,.,p .#,..,.,.,, .,. 716 ''' ~~~' rn It~.· ~~·c 
SITE CONDITION---.-::::~~~---------------------

DEPTH ID 

, . .. . 
I' 

.LOWI I 
PER I 1ft. Z ~ UICI VIIUAL CLAIIIFICATION 

• 
sr S16NI .,. "lt u~r _£,.,-Js,.., IU~ ,r ..,., 
IJ A.~•Jr..lll£ 'W~~/.IAF:, •A.y 

Ll-"rtttA • w.,,~ k-~ 

• 

!- ._ .. )=:::!=:=l=~!::::!===:=::!========!=====::::::!:======r=========l 

I COMMENTS:----------------- aA .. LI TYPE .. _. ..... ~ •·•·o.o ........... ..... i .. •·ru.ua· ........ ..... •·ru ............. , .... 
• • • 

··"· .. -~ ...•.. -·· ··- _._!1.•·-:-o·. 
. , .. 

• 

• 

• 



~ 

~···· __ ,_ 

• 
· ~-:--...-: ~-~-- ·-·; •· •·ii·K- » 

.• • :- ._ .-~ •.• :-.. \ •. !'i .• ..• ;t~~-.-~·;· _~-:_._:it..~·· . .;.;~~-i:~~--' ~:··:~ .... ~~.- ....... ~ .. ~:-:·;~~~~·-·f··· ... ·:. ~~ .. ~..:..:·::-.·~ ~ ~-,,-,· . 

fit" -'*'X)8S ENGNERNG ~ IC. ,.:.·.. ·:· ·· · ~- ·- . · - -~ t!fi ADViUCID mtllll DMIION, A&.IMValeUIOfll&ftOIII •• ' , .: .. :.;.. .. :{ .. ;.- ,·_.· . 

0 0 E Loa (.0 , ... ·-~·A-·.. . 1 ' 
;:<t. • _ . •.• . I REM L IL ·· ::· ... :~:..- . · .. ··· ·page o,_. 
1-----------~~..... .. ·- ··l-'\··-·., .... •.::,: ·, .• •. ·.;-.:-·•1 

MAP:"'"'-~-· · \ ! 81TE ID: llt11/JE LOCATION ID: Hr·~Z..· '<· 
... ,· ·:fi··-~.1!'-- • .. ·') ~ ~AOX. aiTE COORDIN;TES (fL): ....... - . ....:~~ 

...... ~A. GROUND ELEVATION (ft. MSL): '· ··1- ·· 

DRILLING METHOD: -oo~t1~'~~---------
DAILLEA: ~CArr ~· DATESTAATED:~-~~~i~~~D~~~~~~--------

1)1-fl: ., . . ~~ DATE COMPLETED T tl ~~ ?t 
-.' ~ : FIELD REP.: E S\I.Mte : 

.,. ~ ·. . .._ 

·:·.~~~~~'-
GROUNDWATER LEVELS 

DATE TIME DEPTH (ft.) 

, 1 _, 
I f _r , 

LOCATION DESCRIPTION 1/1'--NC. ~Ap ~U'rU .,. FllftU lfg~ ~N ~telpcJC. 

SITE CONDITION __ ...,.;r;e:~..,-----------------------------

.. .. 
•• •• ..f: 

"' .. ... ...... a: ... ... .. DEPTH ao a• ~ ... . .., ... 
•I •• •• ~ • • • 

0 ~ rXII It 
I y 
~ A .... D< ~ 

... :13 ~ J... 

, 
I 

.LOWS 
Ill ::» ., 

PER e ln • 
z_, 

c • 
I 

i... 
I 

~- 1-.::sAia.-
~ttL 
e.& 

UICI 

SP 
IJ 

¥11UAL CLAIIIFICATION 

S141411 -f1- fJcdct8rl.. ... A. - .u- l'u111t1 - - ._,_~ •.t 
./iwJJr. ~ '*~'1'1:/~ y 
L/IM(f~ •1111/rJ?! ~~ 

. 

·· .. 

. ... 
-~· 
·~~ . 

, .:• 

COMMENTS:..._ ____________________________ _ 
aA .. &.I TYPE . 

·-~ ... ~· 8 • I O.D. t.al LD ...... ... 
It • I" O.D. IAI" LD .... ..... .................... , ... 

.MO•A&.•I•e-aa. Clll•) • 

'· 

... - .... ;r.c, 

I 



.··. lJ ~~~"'~~&~ .. / ... _··. ~~-~~---· ... ~ .. ~.:--·· ... _ 
( . . . . : ... -. ,~ IOREHOLELOG (SOIL) .~, •. :~;,,.,.;:, .·. ••eeJ~i'L J • 

~OCATION MAP: ·T· . ·- . a eiTE ID: E/A f "I LOCATION ID: -1/f.tf;l .. ..:~~ Sin'_,_ 
·-.-~:~~·~t:...-a-- ~ APPAOX. 81T£ COORDINATES (ft.): · . . ..,...~\~ ;'f~~ 

·· ·4:·- .,. · r7~o E ~~~,. ""-:-~·~~ ·~··-
~·· 4;.'~'- . ~~ ~ tt GROUND ELEVATION (ft. USL): "'··~- •· ;· 
fl . - • ~... ~ Y /- DRILLING METHOD: t5! t.. « fr ,.,v 1" ' ~. 

~ '1-·! DRILLER: ___ --:..-~';.::;;";.:.;~;_~~-z-~-----
f~:.~ DATE STARTED: , •• ,IJ.j"', 

~, t'~ ,.,, , f DATE COMPLETED: ' 
.._,. .. ',.. , FIELD REP .- ., "VA ' _......Y-::; r:-,, .. -G"""'R-O...:U:;.;NO;.;.W.;..;;;..AT-E-R-L-E-V-E L-S-----

e.... ;_. . y.O~~ 
1

) ) DATE• TIM~ DEPTH (h.l 

__ ., ..... -- ...--.c.c... · ·- \ I 7/ / 

LOCATION DESCRIPTION .P.~~- ~ .f,rg fJAJ II, .. •L 

SITE CONDITION N~ t ,.,.,_'1'=1 ''-' s,,.-, ,,., r,,,,., .. ~ c""' .. ""'..lf~ '"•br. e.,,.,.,. 
.. • • .... ., • "::'C. 

•• ·-· :r Ill 8LOWI I 
DEPTH (! ii ·- ~ ., 2~ UICI WIIUAL CLAIIIFICATION •• ~ PER I Ill • •• . ~.~ . . c •• . , •r p . 
A • 
j" X '< "')(" A 00, llt,'O';~ ~ ~~·*"• r.t.. · 6a411t,.c. 'fJ"SttN&AS~ ~·Fcc:, 

( ... ' 
\ ~ l Ss ~ftC~ I 1 •vw., 110-4· /tl'l& .-._.,. r ... ~ s...., r • v I .... A &z. 1rJ6tL 

h. -I , /).. - ~....,~ rlftJAIPD-.It"., ~~~~~ ~ 

..L. 
fJC·~kU i/lc.£/1\N~/" .fK.C'~~II'JTI'\1 Sol 

~ v v • A oa::J ~~ 
~ /\ f' 

. 
, _,.~ 
-~' ~ -.,c 

r- • ~ t'NJV •• 

-- ~ X ~ A- 06!' , ~ ,_ fl' 71r 
' 

~ : ' 
-:• - -· .. -. 

• 8A .. &.I TYPl 
...... & ... ~ •-r-o.D , ... u .... ....., •·ru_, .. , ........ .... 
~·ru .......... , .... 

···AL•I•e·ll. CI/IC) • • 



.. ;.. . . .... -. ... ~ .. ::-:-- ... :. •' .. ~... ..... . - .. 
':"' ~.:~-- ·.·• ·.•• :-~_-... __ ;~:~~-.-.':.~- .. ~ ..... ,.! ...... -~ ,'"; ~ ... ~;. .· • •.. -·~: ·. ,;..:. -~ _: __ :.,..··· --~~--~ .. ·=:~--~::.- -~ :~-:-~:-·- :~-~ . ~ . 

r1f .w:o8S ENGNERNG GROll HC. 0 0 ° 
0 0 

0
• 

0 
0 0

, 

0 0 

I!! ADVAMCID mtllll DMIIOei,&L~Ueilneua ... .._.. 
0 

0

' 

0

-

0

0 ~:, _ .. ,;. ';';· 

0 

00 .OREHOLE LOG (I OIL) _,0~ • ,0~ 0 ~i--
0 

0 

•• :~. 000 .~-geJotLO :~: 
"o 

~ amID: fiAip' 
0 

LOCATION ID: vr ...... 0

1;.~: 
.w APPROX. 81TE COORDINATES fft_,! . 0 ~- 0 ~~ ... 

N f?Po E iii;w -0 oi'·.-~ 

~ATM~ MAP;·; ..... . 

GROUND ELEVATION (fl. MSL): !'.161::' . :--· 
DRILLING METHOD: 1• N.M · ~ 
DRILLER: ~·t"'T 
DATESTARTED: ____ ~tO~·~·a~-~~y~~-----------
OATE COMPLETED :_..._._..110,.~:..':.::~;..;:f:..;."~ _____ _ 
FIELD REP.: --.-::f6~"w.:::;.;::'l. ________ _ -~ 

GROUNDWATER LEVELS 
DATE TIME DEPTH (tt.) 

LOCU~N~S~Ini~~~~·~~~S~·~~~---------------~ 
81TE CONDITION Oi.Ju.,.. f'Dtt 

i· .. • • 
~ 

•• :: =· DEPTH f! u ,. tD •• • u .~ •• •; •I ~ • -""' \. \.7~ " /)()I 

• /\ iA 

~ ,,..., 

" X E,J, ~ 
¥.~ .1 ,, ~.e.·z 

v v~~ t.. ~3 
~or 
7-) ft;-

y [)(_K' I t:J(:>I/_ 

•os-

- ':\.j 
~ IP. tJt:Jr 

_..... 1/\ ., 
i 0 

; 

. 

ao-AL·•••-• •0 ca, •• , 

.LOW I 
PER I ln . 

•• 
•• 

•• 

Ill 
:t 

Z _. UICI c • 
YIIUAL CLAIIIFICATION 

~.I.S.,.,£ ~~~, ..... , ~" 'fol~.;. M(f-/;:,.e~ 

·-~ ~,.,.,._. .- 1.r; ~z.r sri .. ~, ..,0 

I;~.,,, •w• 11-ID' 

• 
• 

- . . 

• . ,_ 

• •', ; .. c. 



- ·•':.. -.-:- ......... : ~!_:_~ .. -~ __ · --... ·; ___ .... -.. ~---~-~/ •.·•·:~·· 
. ·. ·.~ .. -- . . . . -~ 

..... -·····-···· -· ......... _.;,..:.. .. - ...... ~ .· .. : .. -., .... ,.. ........ . 
. . . .. : ~--" .. : : ·.:.; .: .. 

rtf J.tC,08S ENGNERNG GROUP te. - · · · · · · -·· --.· · · 1!lli ADVMCID nmra DMIIOit.&LtueU.•uaON~ · ·· ·· _., :.:-- . 
• ••• 0 • .,.. ••• :. • • .r.··· 

. ·· ~ 
· .. --::~~.#'- ··~ • · · ~ APPAOX. SITE COORDINATES (~ ·~--:~ -~-:. 

. -·--:r---t--···- - ··N · lf1rD tcvn;. E 1/!:#Q. · -·~- .. · . 
_,;."· --~ ~~..., ... GROUND ELEVATION (tt.MSL): 4'Zf-.. ~-

1......-:::· ~· r .;.,-· DRILLING METHOD: IKA f'· 
t~ ~ ---· - ~-- - DAILLER: ___ ...,jTukAc..:...!T-4-""""J"":~-----
~ ~y /. · ./ r ~ ~ DATE STARTED: __ .a;IO:....:•ILliP:...;,!~·~------
~ '- ( 1'7 DATECOMP!.ETED: •• 

i
! -\ . · FIELD REP.: __ .... :;"'•"z.tla.A ________ _ 
,. . \ ; , 

1/f:-'lr-'--·'. ' , ... ,..:::::...~-~ :, ·e· , ~;-/ GROUNDWATER LEVELS 

" _,....\ ""'1'.: ~ .. \. ' . ~/' 
.. _I (.;;:..:}.!!7~14~&.4 

DATE TIME DEPTH (ft.) 
I 7 1 

, 7 ' . 

• 

LOCATION DESCRIPTION ~nr~~~~y-p.,,s e~l'b&"-
81TE CONDITION ~~~,;t s;..tiWSifA/tl AfX,M.'( &e Q pAl e~rf~'f( l'fc!ofE I>·~~"'" 70 ~ 

.. • • -· •• :; Ill 
i! --DEPTH •• ·- .. 

10 •• ,. •• •"' .. ., •• ·; .. • . 7' -,..;.... I'>< A 

Z_: X X I~ A 
~ .'-L'· ~ lA 

• 

COMMENTS: 

................ ,., .. , 

8LOWI I 
ID z_, 
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l•rD.D toM LD .... ..... •·ru .... , ....... ..... 
~ ................... , .... 
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.111. ~ ~ DATE &TAR.TED:-~/1~-t~D~·ILit~------
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.. .OCATION MAP:-~·,.? ·· 1 •m ID: I/An2l LOC-ATION 10:··-,r .... <rz·~: -~--
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PROJECT MEXICAN HAT SITE. UTAH 
Pagel of 1 

LOG OF WELL BORING NO. 905 

JOB NO. NAT01 DATE ~1~21~1~1 /.!::;'84.:..,_ __ _ 
SURFACE ELEVAJ...TTu.DUJNt...-:.4;:;,;29;_;4.:.:.1;.:;.3 ________ _ 

~TAL DEP111 12.0 teet 
RIG TYPE MOBU B-80 

~POFF~TERPACK~3~-~00~----==------
WEU CASING 'TYPE 2.0-in.SCHED.40 PVC 
COMPLETION HALGAITO SHALE MEM 

BORING 7YPE HSA WITH ROTARY/CORE 
LOCATION N 10006.30 E 9544.20 
DATUM · MSL (fJ) GROUND SURFACE • I 

Depth 
Well 

Remarks Lithology uses Vuual Classification 
Con. 

u 

• ·:·:·:·:·:·: SP son.: ·.·.········ 
Steel protective casing ·.·.········ SAND, fine, variable to It. reddish :::::::::::: installed with grout to •.·.·.·.·.·. brown. 

=~ ~~ 
12.25 feet. 

............ 

1···11111· 

SP BALGAD'O SHALE MEM., CIITLER 

5 =~ Bentonite pellet seal I'M.: +-•I- placed from 1.25 to 3.0 SANDSTONE,fine, closely ·I-•I- feet. :~ fractured, elk. grey. ·I- Filter pack placed from ·I-·I- :::::::::::: Note: Nwnerous horizontal and :I- ~.0 to u feet. 
Well screen installed ttJ vertic:al fractures. 

10 :: 
from 3.5 to 8.5 feet. . ·. .. :::::: ·.·.········ 
Two foot swno at 8.5 to ·.·.········ •••.·.•.·.·. 
10.5 ft. TDATUFEET. 

Note: Core hole to 9 feet reamed to U 

15 feet to install well. No log from 9 to U 
feet. 

10 

• 15 

30 

35 

40 

45 

-

50 

• ........__ GROUNDWATER 

JEGTACTEAM 



PROJECT MEXICAN HAT SITE. UTAH 
Pagel of 1 

LOG OF WELL BORING NO. 906 

JOB NO. NA1VJ DATE -"'1=21c..::..12=/.='84~---
SURFACEELEVA~n~owN~4~22~0-.8~1 ________________ _ 

TOPOFF~TERPACK~3~·~00~~~~~~--------
~ CASING TYPF' 2 0-IN. SCHED 40 PVC 

TOTALDEPTH 11.8/eet 
RIG TYPF MOBU B-80 
BORING TYPF HSA WITH ROTARY/CORE 
LOCATION N JOJ3Z50 E 1170310 • COMPLETION HALGA.JTO SHALE MEM. DATUM. MSL,@ GROUND SURFACE • 

Depth 
Well 

Remarks Lithology uses VISual Classification 

~ r u 

I 
SP SOIL: 

[Grout seal to 2 feet SAND, fine to very fine, variable to 

~ ~ elk. reddish brown. := ln. ·io.. pellet seal Sl_ RAT .I:AJTO ~Al.R UF.M. CUI'LER ·;:::: [from 2 to 3 feet. ;: =~: I'M.: • 
5 t:: :::: :: [Falter pack placed from SANDSTONE, very fine, reddish ::::= ~ to 11.75 feet. F;= brown. 

~ == .: [Well screen placed from 

10 
: ~.: to 8.1 feet. 

mti :: 
=· 

;: 

[Two foot sump from 8.1 TD AT 11.75 FEET. 

to 10.1 feet. 

15 

20 

' 
25 

30 

35 

40 

45 

-

so 

- rn • JEGTACTEAM 



PROJECT MEXICAN HAT SITE. UTAH 
Pagel of 3 

LOG OF WELL BORING NO. 907 

TOTAL DEPTH 125.0/eet 
RIG 7YPE MOBILE B-80 

JOB NO. NAWl DATE ~1~21~1.!.!.7/,~'84,:__ __ _ 

SURFACEELEVAV~OwN~4~22~0~.5~1~----------------
BORING TYPE HSA WITH NO CORE 
LOCATION N 10154.10 E 11692.40 
DATUM MSL,@ GROUND SURFACE 

TOP OF FILTER PACK 107-110 · 

• 
WEUCASING TYPE 3/4-IN.PVC W/PACKER 
COMPLETION HALGAITO SHALE MEM. 

• 

• 

Depth WeU 
Con. 

v 

St----1 

lOt----I 

lSt----1 

20+----1 

25+----1 

30t----l 

3St---l 

40+---1 

4St---l 

SOt----1 

Remarks 

Hole cored drilled to US 
feet, then reamed to 37 
feet with 4 3/4-in 
tricone, then reamed 
with 3-in to 1ll feet. 
Well designed for 
packer test of artesian 
flow from 110 feet. 
Protective casing placed 
to 3 feet. 
Casing is 3/4-in pvc. 

Bentonite/ grout seal 
placed to 107 feet. 

Lithology 

I I I 
I I I 

I I I 

lllllllllll 

11111111111 

uses Vuual Classification 

SP SOJL: 
SAND, fine to very fine sand, 

SP \reddish brown to tan. 
BALGAITO SHALE FM., CUTLER FM.: 

SANDSTONE, very fine, closely 
fractured, moderately bard, dk. 
reddish brown. 

ML SILTSTONE, with seams of 

CL 
sc 

claystone, soft, dk. reddish brown. 

SANDSTONE, very fine, with lt. 
grey nodules, reddish brown. 

MUDSTONE, with seams of silty 
sandstone, dark reddish brown. 

SP SANDSTONE, very fine, with 
t----1 scattered small greyish nodules in 

upper part, mod. soft, dark reddish 
brown. 

Note: Thin limestone seam at 43.3 to 
44.3 feet. 
Note: Moderately hard from 44 feet. 

t-----; 

Note: Increasing siltstone seams from 
48 to SS feet; with nodules of grey 
SS and limestone. 

~~~------------~~~~--~------------------~ 
..___ GROUNDWATER 

iiDEPm LouR' DArn 
JEGTACTEAM 



PROJECT MEXICAN HAT SITE. UTAH 
Page2oj 3 

LOG OF WELL BORING NO. 907 

JOB NO. NA1V1 DATE ~1=21..:..1..,_7184"'-'---- TOTAL DEPTH 125.0/eet 
SURFACEELEVA~TI~DwN~427.2~0~.5~1 ________________ _ 

TOP OF FILTER PACK...:1~0:.:...7-~1~10:::.....,..,=~-==~-----
WEU. CASING 1VPR 3/4 IN. PVC W/PACKER 

RIG 'IYPF MOBILE B-80 
BORING TYPE HSA WITH NQ CORE 
LOCATION N 10154 10 E 11692 40 • -

COMPLETION HALGAITO SHALE MEM. DATUM. MSL, @GROUND SURFACE ~ 

Depth 
Well 

Remarks Lithology uses Vuual Classification 
Con. 

ss BALGAITO SHALE MEM., Continued. 

Q) 

Note: Transition to c:aJcareous silt and 

6S Tr- ~ ·=· from 63 to 64.5 
LIMESTONE, to limy siltstone, 

mod hard. 

70 

r 

75 

, 
.: I _ML SU.. TSTONE, to limestone With 

I 

some coarse sand, hard. reddish :: I 

I brown(lOr-3/4). 
80 1: I 

I 

:: I 

I 

[: I 

I 

:: I 

Note: with bluish grey nodules. I 

1: 
I 

8S 
I 

[: I 

I 

1: 
1: 
1: 

90 1: 
•I• 
•I• 
•I• •I• 
•I• 
•I• 

l!. ~:l!. CI MUDS I UN~ to dhp~uu~, mod. 
95 sc soft, dk. reddish brown. 

Sf_ SANDS' I U~J::' fin_e, mod. ~r~, with 
small green nodules, fractures healed 

100 with ailcite filling, reddish brown. 

" L... 

.....___ GROUNDWATER • DEPTH 'HOUR DATE 
sz 
i JEG TACTEAM 



•• 

• 

• 

PROJECT MEXICAN HAT SITE. UTAH 
Page3oj 3 

LOG OF WELL BORING NO. 907 

JOB NO. NATO! DATE 12117184 
SURFACEELEVATI~~nwN~4~22~0~.5~1 ________________ _ 

TOTALDEPTH 125.0/eet 
RIG 7YPF MOBILE B-80 

TOP OF FILTER PACK....:1~0~7-7-1~10~~=~=------
WEIL CASING TYPE 3/4-IN.PVC WIPACKER 

BORING TYPE HSA WITH NQ CORE 
LOCATION N 10154.10 E 11692.40 

COMPLETION HALGAJTO SHALE MEM DATUM · MSL @GROUND SURFACE ' I 

Depth 
Well 

Remarks Lithology uses Vuual Classification 
Co~. 

rtt lOS Neoprene packers set at BALGAn'O SHALE MEM., Continued. 
107 and 110 with 2.5 to 3 

111111111111 
I 

root interval. 

110 
Note: Limestone nodule layer at 109.5 
to 110; hard bluish grey. 

·:·:·:·:·:·: Note: Conglomerate layer at 111 to 

I LS 1 \llt.s reet. 
LIMESI'ONE, horizontal dip, very 

115 :::::::::::: SP ~~' blue-grey gradually changing to 
·:·:·:·:·:·: t. reddish brown. 
:·:·:·:·:·:· SANDSTONE, with limestone :::::::::::: 

~~~~~~~~~~~~ 
seams, lt. reddish brown. 

110 

j~~~~~~~~~~~ Note: Limestone nodule layer at Ul 
to 122 reet. 

mm LS \,Note: Void at 123 feet; water bearing. 

125 LIMESTONE, hard, grey. 
Initially lost circulation TD AT 125 FEET. 
at 122 reet; Arter pulling 
rods artesian now 
measured at 26 gpm . 

130 Artesian water was ' 
carbonated. Steel tools 
turned blue (sulfates ?) 

135 

140 

145 

150 
. 

lSS 
~ GROUNDWATER 

JEGTACTEAM 



M Pagel of 4 
PROJECT EXICAN HAT SITE. UTAH LOG OF WELL BORING NO. 908 

JOB NO. NATOJ DATE ---.:0::::'3.:..:12::::8~185::::...____ TOTAL DEPTH 197.0 feet 
SURFACE ELEVA.~..nu..n.wN~~...-..,-4~29,4,;-.60:....;.._________ RIG TYPE CME-75 
TOP OF FILTER PACK_U.~N.~'K~--------- BORING 7YPE HSA WITH NO CORE 
WELL CASING TYPE 2.0-IN.SCHED.40 PVC LOCATION N 10019.30 E 9538.70 • 

~C~O=M~P.~LE~Tl~O~N~~~~HAL===G=W=TI=O=S=HALE====M=E=M==~==~~D~~~~~~==~M=SL=·~@~G=R=O=U.=ND==S=U=RF.=A=C=~==========~ 
Depth ~;~ 

v 

5+---""" 

101---...-t 

151---...-t 

201---...-1 

251---...-t 

30+-----1 

3S+---""" 

40+---""" 

451---'""'i 

50+----; 

Remarks 

[2.0-JN PVC well imtalled 
ito feet. 
leo£ __ , •• casing 
lfn'::.r.:.ft;J r:a. 

[Grout seal installed to 
j136 ft. (est.) 

Lithology 

I• I 

I• I 

I• I 

I• I 

1: : 
1: : 
I• I 

I• I 

I• I 

I• I 

I• I 

I• I 

I• I 

I• I 

I• I 
I I 

I I 
I I 

I I 
I I 
I I 

I I 
I I 

: : .. 
I I 

I• : 
I• I I• I 

I• I 

I• I 

I• I 

I• I 
I• I 

I• I 

I• I 

I• I 

I• I 

I• I I• I 

I• I 

I• I 

I• I 

I• I 

I• I I• I 

I• I 

I• I 

I• I I• I 

I• I 

I• I 

I• I 

I• I 

I• I 

I• I 

I• I 

I• I 

uses 
SM 
sc 

Vuual Classification 

TAILINGS: 
SILTY SAND. 

..__----1 SOIL: 
CLAYEY SAND, reddish brown. 

a.&' r-.6Jro ~-.... MRM CUI'LER 
I'M.: 

SR.TSTONE, with silty sandstone, 
some grey nodules, bard, brownish 
red. 
Note: Limestone seam at 10 to 10.3 
feet. 

1---~ Note: Clayey, gravelly seam at 1S to 
18 feet. 

MI SR.'l-~TUNE, with lime.c;:tone 
indusiom, grey to reddish brown. 

Note: Moist at 36 feet. 
Note: Lenses or lt. grey shale with 
darker grey breccia (turbidite). 

Note: Occasional thin seams of grey 
shale. 

JEG TACTEAM • 



• 

• 

PROJECT MEXICAN HAT SITE I UTAH 

JOB NO. NATO/ DATE ---=O=IJ/.:.28:::;./.='85:.....-__ _ 

SURFACEELEVAn~~DwN~42~9~4~·60~----------------
n7POFF~TERPACK~U.~N.7K7.7~==~~~------
WELL CASING TYPE 2.0-IN.SCHED.40 PVC 
COMPLETION HALGAJTO SHALE MEM 

Page2of 4 
LOG OF WELL BORING NO. 908 

TOTAL DEPTH 197.0 feet 
RIG TYPE. CME-75 
BORING TYPE HSA WITH NQ CORE 
LOCATION · N 10019.30 E 9538.70 
DATUM MSL @GROUND SURFACE I 

Depth WeU 
Remarks Lithology uses VISual Classification Con. 

r-

BALGAITO SHALE MEM., Continued. 

55 
Continue, SILTSTONE. reddish 
brown. 

60 

65 

70 I 

I 
I 

I 
I 

I 

I 

I 

75 
I 
I 
I 

I 

I 

I 
I I 

I 

I 

I Note: Limestone seam at 79.8 to 79.9 
80 I 

I feet. 
I 

I 

I 

I I 
I 

I 

I 

8S I 

I 

I 

Note: Limestone seam at 87.2 to 87.5 
feet. 

90 

95 

I I 

I I 

I I -
100 I I 

I I Note: Occasional thin interbedded I I 

I I shale and limestone seams. I I 

I I 
I I 

I I 
L... 

'--- GROUNDW, TER 

JEGTACTEAM 



.. 
PROJECT MEXJCAN HAT SITE, UTAH 

JOB NO. NATrJJ DATE -!:0~31~'28~/.~'85~--
SURFACEELEVA~n~nwN~42~9~4~.60~----------------
~POFF~TERPACK~U~N.~K~--~~~-=------
WEU. CASING TYPE 2. 0-IN. SCHED. 40 PVC 
COMPLETION HALGAITO SHALE MEM 

Page3 of 4 
LOG OF WELL"BORING NO. 908 

~TAL DEPW 197.0 feet 
RIG TYPE CME-75 
BORING TYPE HSA WITH NQ CORE 

I 

LOCATION N 10019.30 E 9538.70 
DATUM MSL (if) GROUND SURFACE • Depth Well 

Remarks Lithology uses Vuual Classification r.m. 

lOS I I I 

I I I BALGArrO SHALE MEM. , Continued. I I I 

I I I (SILTSTONE, reddish brown.) 
I I I 

I I I 

I I I 

I I I ... .... 
Cl CLA'r~TUN.t;, t>•'"'J"" .. red. 110 

: MI. SIL'1:s-1_~N.t;~ mod. ~d, lt. with 

': very small limestone inclusions, 

115 ': reddish brown. 
;: 
': 
: 

120 
1: 
,: 
i: 
:: Note: Hard, greyish red 

r: 
us ,: I 

Note: Soft, maroon, with claystone 
'o I seams. 

1;1 I 
II I Note: Thin seams of limestone, and 
i' I 
io I limy siltstone from US. 
,o I 
lo I 

II I 

130 
I I• I 

:• I . I• I 
II I 

I• I 

1: : 
:o I 

I• I 

135 
I• I 
I• I 

I• I 

I 
) ln. .:t .. pellet seaJ I• I 

I• I 

~ I;MfaiJ.d from 136 to 140 I• I 

I• I 

lrt. (est.) I• I Note: Limestone seams at 138 and •I• I I• I 143 feet; very hard. 
140 :. IFilter pack installed from 

I• I 

I• I 

I• I 

:. 1140 to 163 ft. (est.) I• I 

·• I• I :· . I• I 

:- I• I I• I 

:· I• I 

145 I• I 

:· I• I 

~ 
I• I 

:.!Well screen placed from I• I 

::~ I• I 

1146 to 161 feet. I• I 

::~ I• I 

::~ ;. I• I 

::~ I• I 

I• I 

150 :~~ ;. I• I 

::~ I• I 

~ I• I -
::~ •I• I 

~ :: •I• I 

::~ •I• I 

~ :· •I• I Note: Interbedded limestone seams •I• I F: :: •I• ' from 153 feet. 
155 F= :j: ; 

.I- :: •I• ' 
~ GROUNDWATER • DEPTH 'HOUR DATE 

sz = 
~ 

JEGTACTEAM = 



Page4oj 4 
PROJECT MEXICAN HAT SITE. UTAH LOG OF WELL BORING NO. 908 

JOB NO. NA101 DATE __.::0::::.'3~12::::::8!.:..::'85=------ TOTAL DEPTH 197.0 (eet 
SURFACE ELEVA..&..~TIIL<nUlNr.......:-42=::;9~4;.:· 60=-=---------- RIG TYPE CME-75 
TOP OF FILTER PACK-'U~'N~'K~~=~___,..~---- BORING TYPF. HSA WITH NQ CORE 

.• WELL CASING TYPF. 2.0-IN.SCHED.40 PVC LOCATION N 10019.30 E 9538.70 

~C~O~M~PLE~TJ~O~N~::-:-:-=--;:HAL==G=!AI=TO=S=HALE==M=E=M=·=:;==~D~I't~1VM~:;::=='=:M=SL=,==®~G=R=O=U=ND=S=U='RF.=:A=C='E=====::; 

• 

• 

Depth Well 
Con. 

~ ~~ ~ ~ :== :: 

Remarks 

1----1 n: ~~ 
160 ; :~ :: Two ft. swnp placed at 

:. :: 161 to 163ft. . . 
1----1 ..:: .... ......: 

170~--1 

175~--1 

1801----1 

185~--1 

1901----1 

1951----1 

2001----1 

2051----! 

Initial hole was core 
drilled to 197 ft. then 
ofT-set hole was drilled 
to 163 for installation or 
well. 
Core hole 
decommissioned by 
~routing. 

L- GROUNDWA1F.R 
[DEPTH 'HOUR DATE 

:sz 
ir-----+---~----~ 

Lithology 

I 

I 

' 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
I I 

I I 
I I 

I I 

I I 

I I 
I I 

uses Vuual Classification 

BALGAITO SHALE MEM., Continued. 
1----1 (SILTSTONE, reddish brown to 

LS 
SP 

LS 

greyish red. 

Note: Thin coarse grained sandstone 
with varved banding at 162 feet. 

Note: Predominantly massive 
siltstone with interbedded thin 
limestone seams. 

LIMESTONE, hard. 
SANDSTONE, strong acid odor, 

yellow deposits in fractures. 
LIMESTONE, grey, strong chemical 

odor, hard, grey. 

.__-I TD AT 197 FEET. 

JEGTACTEAM 



PROJECT MEXICAN HAT SITE. UTAH 

JOB NO. NATOJ DATE 03/29185 
SURFACEELEVA~TI~nwN~4~34~9~.n~---------------
TOP OF FILTER PACK.....:1::..::2=0.:..:.00=------------------
WEU CASING TYPR 2 0-IN. SCHED 40 PVC 
COMPLETION HALGAITO SHALE MEM. 

Pagel of 5 
LOG OF WELL BORING NO. 909 

TOTALDEPm215.0foet 
RIG 1YPE MOBILE B-80 
BORING 1YPF'. HSA WITH NQ CORE 
LOCATJnN N 7925 50 E 7134 40 
DATUM_ MSL, @ GROUND SURF ACE 

Depth Well 
Remarks Lithology uses Vuual Classification 

Con 
u ,,, 

.II ... 2.0-in PVC well .. iUf. SM son.: 
to 150 feet. SH. TY SAND, lt. reddish brown. 

SP 'A .. T 1.!.\JTO a:r .. T .11', MEM. 
I..... •' teeJ • t;;l SM I• I ............. s C8SIIlg SANDSTONE, with interbedded 
!placed to 3 feet (?). -Ml \ .. • • red s I I I 

I I I VHIO.:OUIIII'Ct 51 "'.7""11 • 

I I I SH.TST . with limestone I I I 

I I I nodules, locally spaced IT, .II . ..1 Bentonite/ 

~~ jgrout seal to 117 feet. CH 
;. n:s, grey. 
CLAY~'TUNE,lUgbfy w~Lucn:u, ~ 

10 ~ p.fA reishred. ''"' ....... te: Limestone seam at 10 to 10.5 

SH.T~'TUNE, K•c1a:.u red. 

15 Note: Massive bedded, no apparent 
bedding planes. 

, 
20 

a CLA Y~"TUNE, with grey nntlolf>'i: 
mod. weathered, greyish red. 

Note: Limestone inclusioru;. 
IT -.:rn .. ·"-1-rUNt;, grey. 

lS PdL SH.TSTONE, very hard, with I •I• I 

•I• I blue-grey limestone nodules, greyish •I• I 

•I• I red. •I• I 

•I• I 
•I• I 

•I• I 

30 •I• I 

•I• I 

•I• I 

•I• I 

•I• I •I• I 

•I• I 

•I• I 

•I• I 

35 •I• I •I• I 

•I• I •I• I •I• I •I• I 

•I• I 

•I• I 

•I• I 

40 
•I• I 

•I• I •I• I •I• I 

•I• I 

•I•' 
•I•' =1: : 
•I• I •I• I 

4S •I• I 

•I• I 
I I• I 

•I• I •I• I -•I• I 

•I• I 

•I• I 

•I• I 

so •I• I 

•I• I Note: Reddish brown color. •I• I 

•I• I 

'--,___ GROUNDWATER 

JEGTACTEAM 

t • 

• 



PROJECT MEXJCAN HAT SITE, UTAH 
Page2oj 5 

LOG OF WELL BORING NO. 909 

JOB NO. NA1Vl DATE~---=:0~'31..=.:29~18::::5::..__ __ _ 
SURFACE ELEVATION 4349.77 ~ 
TOP OF FILTER PACK.;.;· 1~2~0~. 00=.....------------------

• 
WELL CASING TYPE 2.0-IN.SCHED.40 PVC 
COMPLETION HALGAJTO SHALE MEM. 

TOTAL DEPTH 215.0 feet 
RIG TYPE MOBILE B-80 
BORING TYPE: HSA WITH NQ CORE 
LOCATION N 7925.50 E 7134.40 
DATUM MSL. ®GROUND SURFACE 

Depth Well 
t----ii====F.Co;;;;,g· 

Remarks Lithology uses Vuual Classification 

ss~--~ 

701-----1 

751----1 

• 
801-----1 

85~--1 

90~--1 

1001-----1 

• 

I I 

I 

HALGAITO SHALE MEM., Continued . 
.,___-1 (SR.TSTONE, greyish red.) 

Note: Thin bands of limestone, and .,___-1 seams with clay clasts. 

Note: Clayey, mudstone seams from .,___-1 90 to 94 feet. 

Note: With rock salt sized limestone 
t----1 nodules. 

JEGTACTEAM 



PROJECT MEXICAN HAT SITE. UTAH 
a 

LOG OF WELL BORING NO. 909 

JOB:·NO. NATr)J DATE ----"0='31"""29:....;../.='85'------
SURFACEELEVATI~~a~N~4~34~9~·7n ________________ __ 
TOP OF FILTER PACK 120 00 

TOTAL DEPW 215.0/eet 
RIG TYPE MOBILE B-80 
BORING TYI!F HSA WITH NQ CORE 

WElL CASING TYPE 2.0-IN.SCHED.40 PVC LOCATION... N 702L~O E 713~._4Q_ 

COMPLETION HALGAITO SHALE MEM. DATUM- MSL (1J) GROUND sl!nr.o 

Depth 
Well 

Remarks Lilhology uses Vuual Classification m 

105 'I' CO BALGAD'O SHALE MEM., Continued. --
~ 

LIMESTONE, hard, grey. 

•I• I MI. SILT~-l·UNt;, with 1:. 
•I• I partical clasts, greyish red. •I• I 

•I• I 

110 •I• I tt: sc. Mi.Ju~ I. VI'l~, with 0 seams, 
greyish red. 

~ 115 MI. SILTSTONE, laminar, well 
I• I cemented, occ. limestone nodules, I• I 

I• I greyish red. I• I 

:S I• I Note: Thin limestone seam at 117.1 to I• I 

? I• I 117.3 feet. I• I 

120 ~ I• I .. pellet seal 
I• I 

I• I 

: ~ ~laced from 117 to UO I• I 

I• I 

:: feet. I• I 
I I 

:: : Note: Thin limestone seam at U3 feet. 

1l5 :: :: : 
:: : : Filter sand : Note: Sandstone layer at 125 to U6 ft. 
:· : • inctAII~ from 120 to 155 : 

:: feet. : :: : :: 
130 :::: 

:: : 
:-:::: ~: Well screen installed : 
: ~ :::: ~: from 130 to 150 feet. I I 

~ :: I I Note: Color change from greyish red 
: ~ :::: I I :: I I to dark red. :: I I 

I I I 

135 f= I I I 

f= I I I Note: Alternating interbeds of 
~ 

:- I I I limestone from 135 to 145ft. I I I 

~ I I I 

F= I I I 

~ 
I I I 
I I I 

t:: I I 

140 ~ 
I I 

1:: I I 

I I 

~ I I 

f= I I 

~ 
I I 

I I 

~ I I 

f= I I 

I I 

145 f= I I Note: Occasional thin seams of ~ I I I 

~ I I I claystone and limestone from 145ft. 
~ :: 

I I I 

::~ I I I 
I I I 

~~ :: I I I 

~ :· I ,I I 

~ 
Ill I 

150 :· I I I 

:: Five foot blank sump I :1 I 

~: :...,fall....l from 150 to 155 
olo I -I I I 

:: ft. 
I 

1
1 I 

:: olo I :: I 
1
1 I 

:- I :1 I 
olt I 

ISS ~~~ 
I I I 

I :I I 

- GROUNDWATER 

JEGTACTEAM • 



PROJECT MEXICAN HAT SITE, UTAH 

Page4of 5 
LOG OF WELL BORING NO. 909 

I 

JOB NO. NATOJ DATE ~0~'31~29::.:.!.!:!='85::...----
SURFACEELEVATI~~nwN~43~4~9~.7~7 ________________________ _ 

•

TOP OF FILTER PACK 120.00 
. . WElL CASING TYPE 2.0-IN.SCHED.40 PVC 

COMPLETION HALGAITO SHALE MEM 

TOTAL DEPTH 215.0 feet 
RIG TYPE MOBILE B-80 
BORING 7YPF HSA WITH NQ CORE 
LOCATION N 7925.50 E 7134.40 
DATUM MSL @GROUND SURFACE 

Depth 
Well Rerrulrks Lithology uses Vuual Classification 
Con. 

22X2 Bentonite pellet seal I I I 

placed from 155 to 157 
I I I BALGAli'O SHALE MEM. Continued. 
I I I 

ft. 
I I I 

~ 
LIMESTONE, mod. soft, masssive, 

160 
grey. 

Not confinned if initial 
core hole was reamed or 
if off -set hole was drilled 

165 
for installation of well to 
156 feet. 

170 Note: sulphur traces in limestone, 
strong acid odor. 

175 

Note: traces of petroleum imbedded 
in core at 177 to 179 ft • 

• 180 

Note: Increasing siltstone interbeds 

185 from 184ft. 
Note: More oil imbedded in core from 
185 to 187 ft. 

190 

195 I I I ML SO.. TSTONE, massive, with 
I I I occasional beds of limestone, red. I I 

I I 

I I 

I 

I 

I 

I 

200 I 
I 

I 
I 

I 

I -
I 

I 

lOS 
I 

I Note: Interbedded thin limestone 
I 

I seams and nodules. 
I 

I 

• '--- GROUNDWATER 

JEGTACTEAM 



PROJECT MEXICAN HAT SITE. UTAH 

JOB NO. NATrJJ DATE ~0='31=29::;..:..18='5'------
SURFACE ELEVATLJ..U.JOi.tliN:....:.4..;.:3:....:.4;:....:9·:....:.7.:....7 _______ _ 
TOP OF FIL'IER PACK.....:l~2:.:::.;0·:..::00~==--=-:::-::=----
M:U. CASING 1YPE. 2.0-IN.SCHED.40 PVC 
COMPLETION HALGAITO SHALE MEM. 

Page5of 5 
LOG OF WELL BORING NO 909 

TOTAL DEPUI 2I5.0 feet 
RIG 1YPF MOBILE B-80 
BORING TYPE HSA WITH NQ CORE 
LOCATION N 7925.50 E 71'34.40 
DA UM MSL lfiJ GROUND SURFACE 

Depth ~~ Remarks Lithology uses Vuual Classification 

210+-----f 

t I 

t I 
t I 

t I 
t I 

t I 

t I 
t I 

I I 
t I 

I I 

BALGAn'O SHALE MEM., Continued. 
~-""'' 

215~--~--~~--------------~----~·~·--~----~~~~~~~--------~ 
t------1 TD AT 215 FEET. 

220~---1 

225+-----f 

230+----1 

235~-~ 

240+----1 

245+-----f 

250 t-----f 

255+----1 

~~--~---~-------------~------~----~--------------------~ 
......_ GROUNDWA'IER 

ttEPm rOURI DAlE I • JEGTACTEAM 

- ------------------------



• 

• 

• 

PROJECT MEXICAN HAT SITE. UTAH 

JOB NO. NA1Vl DATE --=0.::.:21~15::.:./,=85,_ __ _ 
SURFACEELEVA~n~o~N~4~35~3~.2~2~---------------
TOP OF FILTER PACK-'1:..:3~9:.:::.00=.-~ ........... -~~----
WEU CASING TYPE 2.0-IN.SCHED.40 PVC 
COMPLE110N HALGAJTO SHALE MEM 

Pagel of 5 
LOG OF WELL BORING NO. 910 

TOTAL DEPTH 236.0 /eet 
RIG TYPE: CME-75 
BORING TYPE HSA WITH NQ CORE 
LOCA710N N 8336.50 E 10067.70 
DA7VM MSL @ GROUND SURF ACE I 

Depth 
Well 

Remarks Lithology uses Vuual Classification Con. 
u 

Ill 
SP SOIL: 

Redrilled borehole for SAND, fine, lt. reddish brown. 
well 910A to 182 feet, 
next to bole 910. 
Placed steel protective UT BALGAli'O SHALE MEM., CUfLER. 5 I 

casing to 3.8 feet. I 

I'M.: I 

I SILTSTONE, mod. hard, I 

I mineralization in fractures, greyish 
Imtalled bentonite/ 

I 

I red. 
grout seal to 137 feet. 

I 

10 

' Note: Limestone seam from U.6 to I' 

u.s ft. 
15 Note: Fractures filled with fine white 

I 

sand. I 

I 

I 
I 

20 
I 

2S 
I Note: Scattered very small limestone 

inclusions. 
I 

30 

I 

35 Note: shear zone at 35.1 to 35.4, with 
crushed angular frag. in clay gouge. 

I 

40 
I 

I 

I 
I 

I 
I 

I 

I 
I 

I 

45 ; 

' : 
I I 
I I 

Note: Some clay fracture fillings. I I 

I I 

I I 

I I 

so I I 

I I Note: Occasional thin lenses of very 
I I 

I I fine sandstone. 
~ GROUNDWATER 

JEGTACTEAM 



PROJECT MEXICAN HAT SITE. UTAH 
rage=uJ s 

LOG OF WELL BORING NO. 910 

JOB NO. NATO I DATE ~0:=::21~15:::..:,!.:'85::..,_ __ _ 
. SURFACEELEVAD~o~w~43~5~3~.2~2 ________________ _ 

TOP OF F~1ER PACK....:l:..:3;::.;9·:,:::00~==-~=:=-----
WEIL CASING TYPE 2.0-IN.SCHED.40 PVC 

TOTALDEPW 236.0/eet 
RIG TYPE CME-75 
BORING 7YPE HSA WITH NQ CORE 
LOCA'flON N 8336.50 E 10067.70 

COMPLE'flON HALGAITO SHALE MEM DATUM. MSL ({f) GROUND SURFACE I 

Depth 
Well 

Remarks Lithology uses VISual Classification Cm. 

1: HALGAli'O SHALE MEM., Continued. 
1: 

ss 1: Continued; SILTSTONE, GREYISH 
1: RED. 
1: Note: Thin interbedded limestone 
1: seams from 57 feet. 

Qa 1: 
1: Note: limestone clasts in siltstone like 
1: conglomerate. 
1: 
1: 

65 1: 
1: 
1: 
1: 
1: 

70 1: 
1: 

•I• 
•I• 
•I• 
•I• 
•I• 

75 •I• 
•I• 
•I• 
•I• 

1: 
1: Note; Grey limestone nodules in I• I 

80 
I• I siltstone from 74 to 78 feet; well 
I• I cemented. I• I 

I• I I• I 

I• I 

I• I 

I• I 

I• I 

I• I 

8S I• I I• I 

I• I 
I I 

I I 

I I 

: 
90 

: 
I: 

I I Note: limestone particles, like I I 

I I conglomerate, from 91 to 96.5 ft., well I I 
I I cemented, very few fractures. I I 

I I 

95 I I 

: 
: 
: Note; Color change from greyish red 
I I to brownish red. 
I I . 

100 
I I 
I I 

I I 

I I 
I I 

I I 

I I 

I I 

- GROUNDWATER 

JEG TACTEAM • 



PROJECT MEXICAN HAT SITE, UTAH 

JOB NO. NA1Vl DATE --=0~21..:.:15:::..:.!..::::'85::----
Su.RFACEEZEVA~n~n~N~43~5~3~.2~2----------------
TOP OF FILTER PACK_,1::3~9.~00~=~...,..,....~=--------
WElL CASING 7YPF. 2.0-IN. SCHED. 40 PVC 

• COMPLETION HALGAJTO SHALE MEM 

Page of 
LOG OF WELL BORING NO. 910 

TOTAL DEPm 236.0 {eet 
RIG TYPE CME-75 
BORING TYPE HSA. WITH NQ CORE 
LOCATinN N 8336.50 E 10067. 70 
DATU)A MSL, (it) GROUND SURFACE 

Depth WeU Remarks 
Con. 

Lithology uses VISual ClassificaJion 

-
lOS~-~ 

UOt----1 

USt----1 

llOt----1 

.1301----1 

• 

13St----l 

1401----1 

14St----t 

lSOP----t 

lSS~-~ 

,; Placed bentonite pellet 
~ seal from 137 to 139 
. : feet. 

..._ : : Installed well screen 
~ ; : from 140.8 to 180.8 ft. 
::: 
1=: ::: -· I= ;. . 
~ ; ~ Placed filter pack from 
~ :. 139 to 182 feet. 
~: 
~: ::: ,..... 
~= ~· 
~: ::: 
1=: ::: 
i=: 
~: 
0...; 

'---- GROUNDWATER 
DEPTH 'ilOU_R_ DATE 

:sz 
~~--~t----~----~ 

=~----~--~----~ 

I I 

I I 

I I 

I I 

I 
I 

I 

I 
I 

I 

I 
I 

I 
I 

I 

I 
I 

I 
I 

I 

I 

I 

I 

I 
I 

I 

I 

I 

I I 

I 

' 

' ' ' 
' ' 
' 
' 
' 
' 
' I 

' ' ' 
' 

' ' 
' 
' 
' 
' 
' ' ' 
' I 
' 
I 

' I 
I 

' I 
I 

' 
' 
' 
I 

' 
' 
' 
I 

' ' 
I 

' I 
I 

BALGAli'O SHALE MEM., Continued. 
t----1 (Sll..TSTONE, brownish red.) 

Note; limestone inclusions, like 
t----1 conglomerate, 110 to US ft.; well 

cemented. 
Color change to clark red. 

Note: Limstone inclusions like 
conglomerate, from 120 to 125ft. 

Note: Limestone nodules, olive to 
1----1 grey, from 131 to 13S ft. 

. 

JEGTACTEAM 



PROJECT MEXJCAN HAT SITE. UTAH 
_, 

JOB NO. NAT01 DATE --:;0=21..:.:15~/.='85'----
Su.RFACEELEVA~n~owN~43~5~3~.2~2------------------------
TOP OF FILTER PACK 139 00 
~CASING TYPE 2.D-IN.SCHED.40 PVC 
COMPLETION HALGAITO SHALE MEM. 

Page o 
LOG OF WELL BORING NO. 910 

TOTAL DEPTH 236.0 feet 
RIG 7YPE CME-75 
BORING TYI!.F HSA WITH NO CORE 
LOCATIQlL N 8336.50 E 10067. 70 

'IM _MS~ACE 

Depth ~!~ RenUJrks Lithology uses . V'uual Classification 

~ ;: •I• i= :· •I• 
i= •I• •I• BALGAJI'O SHALE MEM.., Continued. i= •I• i= :- •I• (SILTSTONE, dark red to reddish 

160 1- :· I I 

i= I I brown.) 
i= :- I I 

I I . ~ I I 

~ •· I I 

~ : ~ :: 
165 ~ :: : 

i= .: i= :· i= :· : 
i= : 1-

; :: i: I :: I• I 

170 :: I• I 

~ :: I• I I• I :· I• I 

~ :: I• I 

~ :: I• I I• I 

:;~ n I• I I• I 

175 ~ :· 1: :: F= ~: 
F= :: 1: 

;.~ ~ ~ 1: 
I= :: 1: 
~ •· IT. -.. ... blank swnp 1: 180 ;.~ ~= I= :: [from 180.8 to 182.8 ft. 1: :: 1: : ~ 

...:L-2 1: 
1: 

185 1: 
1: 
Jo I 

1: 
1: 

190 1: 
1: 
1: 
[: 
[: 

195 1: 
1: 
1: 
: 
: 

2.00 I I 
I I 

I• I 

1: 
r: -
1: 

lOS 1: 
1: 
1: 

L..--.- GROUNDWATER 

JEG TACTEAM • 



• 

• 

• 

PROJECT Ml!.JULAN 11Al 0)11 I 

JOB NO. NA1UI DATE --=0=21=15;;;.;.1<='85;;......_ __ _ 

SURFACEELEVA~n~nwN~43~5~3~.2~2----------------
~POFF~1ERPACK~1~3~9~.00~~~~~~-------
WELL CASING TYPE 2.0-IN.SCHED.40 PVC 
COMPLETION HALGAITO SHALE MEM 

LOG OF 
~TAL DEPTH 236.0/eet 
RIG TYPE CME-75 
BORING 1YPF HSA WITH NQ CORE 
LOCATION N 8336.50 E 10067.70 
DATUM MSL @ GROUND SURF ACE I 

910 

Depth 
Well Remarks" Lithology uses Vuual Classification 
Con. 

210 

HALGAITO SHALE MEM., Continued. 
(Sll..TSTONE, brownish red.) 

215 Note: petrolewn odor and oily fluid. 

220 I 

22S 
I 
I 

I 
I 

I 

I 
I 

I 

I 

230 

Note: Possible gas bearing zone rron 
22S Ct. Well bubbling with rotten egg 

235 
odor. Possible sulfide gas hazard • 

TD AT 236 FEET. 

240 

245 

250 

255 . 

260 .____ GROUNDWA1ER 

JEG TACTEAM 



Page 1 oj J 

911 PROJECT MEXICAN HAT SITE. UTAH LOG OF WELL BORING NO. 
"' ----

JOBNO. NATOI DATE -!:0~1~~~~~!.~'85~--- TOTALDEPW 105.0/eet 
SURFACE ELEVATTLlwnUlN~42~9~4~.3..::..5_________ RIG 1YP.F' CME-75 
TOP OF FH..TER PACK....:9::='3~.00~~=~..,....,=---- BORING TYPE NQ CORE & REAM 
WELL CASING TYPE 2.D-IN.SCHED.40PVC LOCATION N9508.40 E 11114.00 

~C~OM~PLE~T/~0-:,:_N~:-:-::-~=HAL=G=:Al=TO=SHALE==M=E='M=::;:==-~D~!A'!_1UM~:;===M~S='L=. ~@=G=R=O=U=ND=S=U.='RF.=:A=C='E====:::::::::;:A 
Depth ~:!~ Remarks lithology USCS Vuual Classijicarion lwP 

u 
1----1 

lOP---1 

15~--l 

30P--~ 

35~--l 

iCor~:" through pile, 
iNEcomer. co...... .. • 
~~-r.v.-w ,~ c:asmg 
puaa:u to 3 feet (?). 

:· 
:
:· 
:· 
.· 

:: 

.·· 

·: 

:: 
... 
:: 

.;: ~ 
tit I 

•I• I 

I• I 
I• I I• I 

I• I 

I• I 

I• I 
I• I I• I 

I• I 

I• I 

I• I 

I• I 

I• I 

1: : 
I• I 

I• I 

I• I 

I• I 
It I 

I• I 

SM TAILINGS: 

MI. 

UNDIFFERENTIATED 

H A.T L :A. TI'O !lim A. T F MEM. .. CUTLER 
FM.: 

Sn. TSTONE, calcareous, very hard 
to mod. hard, reddish brown with lt. 

1----1 grey motteling. 

Note: with angular to subrounded 
1----1 limestone clasts from 45 to 48 ft. 

Note: Lost circulation at 51 ft. 

JEGTACTEAM • 



• 

• 

• 

PROJECT MEXICAN HAT Sl1E, UTAH 

JOB NO. NATOJ DATE --..:!::0~1/1~06~/.~'85~--
SURFACEELEVAn~wn~&~42~9-~~.3~5----~----------
TOP OF FIL1ER PACK....::9~'3~.00~==~:-=~---
WEU CASING TYPE 2.0-JN.SCHED.40 PVC 
COMPLETION . HA.LGA.ITO SHALE MEM I 

LOG OF WELL BORING NO. 911 

TOTAL DEP11l 105.0 feet 
RIG 1YPE CME-75 
BORING TYPE NQ CORE & REAM 
LOCATION N9508.40 E 11114.00 
DATUM MSL @GROUND SURFACE 

Depth 
Well Remarks Lithology uses Vuual Classification 
Co~. 

I I 

I I 

I I 

I I 

I I 

55 I I 

I I 

I I 

I BALGAITO SHALE MEM., Continued. I 

I 
I 

I 

60 
I 

I NOTE: MISSING LOG PORTION 
I 

I ROM 53 TO t8 FEET. 
I 

I 
I 

I 

I 

I I 

65 
I 
I 
I 

I 
I 

I 
I 

I 

I 
I 

70 I 

I 
I 

I 
I 

I 

I I 

I 

I 

75 I 

I 

I 

I I 

I I 

I I 

I I 

I I 

I I 

80 
I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I 

8S I Grout installed .. 85 
I 

I 

): feet. 
I 

I 

$ 
I 

.· :: Bentonite pellet seal 
90 

·=· :: placed from 8S to 89 

n~: : feet. 
::~: : Filtec pack sand placed I 

::~: : from 89 to 104 ft. 
I 

I 

::~: I 

95 ::~: 
: Well screen placed from ::~: 

::~: : 92 to 102ft. 
::~: 
:·~. 
··~. (RESUME LOG AT 98 FEET.) 
::~: 
··~. Continue; SIL TSI'ONE, reddish 

100 ::~: I brown. 
::~: I 

··~. : Blank swnp placed at 
I 

::~: I I 

:: 102 to 104ft. 
I I 

I I 

Note: argillaceous from 102.9 to TD. I I 

~ GROUNDWA1ER 

JEG TACTEAM 



PROJECT MEXICAN HAT SITE. UTAH 

' JOB NO. NATOJ DATE __.:0:..:..:1A~V6~/..::::'85~---
SURFACEELEVA,Ln~nwN~42~9~4~.3~5--------------
TOP OF FILTER PACK....:9;:'3~.00~~=:--:-=-=:-:-=------
~ CASING 'TYPE 2.0-IN.SCHED.40 PVC 
COMPLETION HALGAJTO SHALE MEM 

age o 
LOG OF WELL BORING NO. 911 

----
TOTAL DEpm..:!1::;05~·=-0.~.::fe:_::et:...,_ _________ _ 
RIG TYPE CME-75 
BORING TYPE NQ CORE & REAM 
LOCATION N9508.40 E 11114.00 
DATUM MSL @GROUND SURFACE I 

Depth ·~~ Remarks Uthology uses Vuual Classification 

lOS ~ TD AT 104.5 FEET. 

110 

115 

120 

us 

.' 

130 

135 

140 

145 

150 . 

155 
L-- GROUNDWATER 

JEGTACTEAM • 



PROJECT ME~CANHAT~rn.nur.T.~nr--------------------L-O_G_O __ F_WE~L-L~B~O-R~I-N~G~N-0--.--9-12------

JOB NO. NA'RJl DATE -"0='31.=2=8/,=8~5____ 1VT.AL DEPTH 84.0 feet 
SURFACE El.EVATI~~&..flwNt-..,42~9-=4-::-.4_3_________ RIG TYPE CME-7'5 
1VP OF FILrnR PACK....:5::.::5:.:..:.5~0:.__. ______ .._,....,......,....,.......----- BORING TYP .... F._,R:.-':'0~1:=:-::AR:=:::=:Y::-=--=-::-:-:-::-:--~-------
WELL CASING TYPE 2.0-JN.SCHED.40 PVC LOCATION N 9527.00 E 11133.40 

• COMPLETION HALGAiro SHALE MEM DATUM. MSL @GROUND SURFACE I 

Depth 
Well 

Remarks Lithology uses Vrsual Classification Con. 
v ... SM TAILINGS: . . · . 

Installed 2-in. PVC well 
. . .. UNDIFFERENTIATED ·. 

to 80 feet. ·.··- . . 
Steel protective casing 

... .. . . 
placed to 3 feet. (?) .. 

s · . . . . . . . . . . . 
. :. 

Installed grout seal to 
·. 
. · .. 

10 
Sl.S feet. ... 

·. 

IS 
LITHOLOGY LOG OF 
WELL 9U TAKEN FROM 

.. 

ADJACENT WELL 911. 
.. 

20 

.. 

25 
.. 

• ' 

30 

35 
·. 

:;: 
'""" 

40 
I I ML HALGAITO SHALE MEM., CUTLER 
I I 

I'M.: I I 
I 

SILTSTONE, calcareous, very hard I 
I to mod. hard, reddish brown with lt. I 

I grey motteling. I 

I 

4S I 

Note: with angular to subrounded I 
I 

limestone clasts from 45 to 48 ft. I 

I -
I 

I 
I 

I 

so I 

I 

I 

I Note: Lost circulation at Sl 
'--

.____ GRO '.JNDWArnR 
DEPTH HOUR DArn 

:sz = 
~ 

JE 'AM = GTACTE • 



PROJECT MEXICAN HAT SITE. UTAH 
Page of 

LOG OF WELL BORING NO. 912 
t 

JOB NO. NATO I DATE ~0~'31.=28~!.::::::'85~---
SURFACEELEVA~n~o~&~42~~~·~4~3 _____________ __ 
TOP OF FILTER PACK_.5~5~5:.;:,0...,..,..=~~=:::-------
~ CASING TYPE 2.0-IN.SCHED.40 PVC 

TOTALDEPVI 84.0/eet 
RIG rrPE CME-75 
BORING TYI!..~:..'R_:R.:..:O~T.~:AR~Y~~~~~-------
LOCA.TION... N 9527.00 E I1133.40 

COMPLETION HALGAITO SHALE MEM. 'JM MSL @GROUND SURFACE 

Lithology uses Vuual Classification 

I I
ITndA11Pd bentonite pellet 

t------i 1=. from 52.5 to 55.5 
55 ~===~ !Placed falter pack sand 

65+---~ 

70+---~ 

75+----4 

!from 55.5 to 80 feet. 

~ :: ITndAII.M well screen 
~ : ~ !from 58 to 78 feet. 
~ : 
~ :· 
~ 
~ 1-
~ :~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
F 
F 
F 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ !Placed blank sump from 

178 to 80 feet. 

80 
1------:.-1 ~ M Cave-in fill from 80 to 84 
1----1 * feet. 
t----;~ ~ 

85+----f 

90+---..... 

95+-----1 

100+----4 

I I 
I I 

I I 
I I 

:: 
:: 
I I 
I I 

: 
: 
: 
: 
: 
: 
: 
: 
: 
I I 
I I 

I I 

I I 
I I 

I I 

.I I 
I I 
I I 
I I 
I I 
I I 

I I 

I I 
I I I 

I I I 

I I I 

I I I 
I I I 

I I I 

I I I 

I I I 

I I I 

I 
1

1 I 

I '1 I 

I I I 

I I I 

I :1 I 
I !I I 

I I I 

I I I 

ft. (REPORTED IN LOG OF WELL 911) 

NorE; MISSING LOG PORTION 
1----1 JROM Sli'EET TO TD BASED ON 

LOG OF ADJACENT WELL 911. 
1----1 

+------4 TD AT 84 FEET. 

Note: .... m. from 102.9 to TD . 

JEG TACTEAM • 



PROJECT MEXICAN HAT SITEW, uuT-TAiiHI---------:-LOG~:-O~F~WE~L~L~B~O~RI~N~G~N~O~. ~9~30~---
JOBNO. NA1TJJ . DATE ---.:.1=.:01..:..;10::..:./,=85'----- TOTALDEPW 116.0/eet 

SURFACE ELEVADJ.J~0YJ~N~43;.:1,;;:_1 ·;.:65~-------- RIG TYP.t:.---=-:::-=-:-=::::---:-==:-----------
TOP OF FH.TER PACK...::94~.00~..,.....,...,=:---~~---- BORING 7YPE ROTARY-AIR 
~CASING TYPE 4.0-IN.SCHED.40 PVC LOCA710N N 10550.30 E 7733.00 

• COMPLE710N HONAKER TRAIL FM DATUM. MSL @GROUND SURFACE I 

Depth 
Well 

Remarks Lithology uses Vrsual Cklssification Con. 
u 

I I MI. HALGArfO SHALE FM.: 
Imtalled 4-in. PVC well 

I I 

SANDY SlL TSTONE, calcareous, I I 

to lU feet. I I thin bedded, highly to mod. I I 

Steel protective casing I I weathered, moist, mediwn reddish I I 

placed to 3 feet. (?) I I brown. 5 I I 

I I 

I I 
I I 

I I 

I I 

Imtalled grout seal to 85 
I I 
I I 

feet. 
I I 

10 .;I 117 .·. SM SJL TY SANDSTONE, slightly 
.. calcareous, thin bedded, mediwn . . 

reddish brown • . . . 
... . . 
. . ... . . 

15 ... 

20 Note: Strongly calcareous 
(cementation) from 20 feet. 

25 ... • . .. 

Note: some interbedded reddish ... orange mudstone from 28 to 31 feet • 
30 ... 

35 

f---

40 

45 
Note: Some thin interbedded grey 
limestbne from 46 to 80 feet; and 
some reddish orange mudstone from 

50 
46 to 58 feet. 

..... 
1.-- GROUNDWATER 

DEPTH HOUR DATE 
sz 52.3 10-12-85 = 
~ 

JEG TACTEAM = • 



PROJECT MEXICAN HAT SITE. UTAH 

JOB'NO. NATDI DATE ~l:.:OI~J0~/,='85~--
SURFACEELEVA~TI~Q~N~43~1~1~.~=----------------

WELL CASING TYPE 4.0-JN.SCHED.40 PVC 
COMPLETION HONAKER TRAIL FM. 

TOP OF FILTER PACK 94 00 

age o 
LOG OF WELL BORING NO. 930 

-------
TOTAL DEPTH 116.0 feet 

LOCATJnN N 10550.30 E 7733.00 

DATUM.. MSf. ®GROUND SURFACE 

RIG TYP.t::...---------------------------------
BORING TYEF' ROTARY-AIR 

Depth ~~!l Remarks Lithology uses Vuual Classification 

~ ·: 
... 
.. · 

55 ;.- BALGAli'O SHALE FM. OF CUI'LER 
:·· GROUP, Continued. 
:·· 
::· 

" :: 
... 
-:· 

1:· 
·:· 

65 ·:· 
·:· 
·:· 

I·· ... 
70 

:·· 

75 
·:' 
... 
·:· 
-:· • ·:· 

80 ':'. ~ ML SANDY Sll...T~IU~~' thin "" " I 

I I I with interbedded grey limestone, .!,_!_ 1-

·:· SM \ml'dinm reddish brown. 
... Sll...TY SANDS'fUN.t.;, thin bedded, 

8S 
·:' occ. interbedded limestone seams, 

~ 
') ITndAIII'd bentonite pellet ·:· med. reddish brown. 
')[seal from 8S to 90 feet. ·:· 

~ ·:· 

~ ~ 
·:· 

90 ~ ·:· 
. : [Placed filter pack sand 

lfrom 90 to 1U feet. :: 

.: 
: 

::. 
: 95 .: . :: 

-: :- LS RONAlCFR TRAIL FOR1dA.TION: 
LIMESTONE, mod. hard, light to 

medilJ!Il grey. 
T ........ n....~ well screen 

100 ~ :: from 100 to 110 feet. :·= :-:::: :: :: ... :: ;: . 
- GROUNDWATER 

DEPTH OUR DATE 
¥ 52.3 10-12-85 

'L---~~--~----~ JEG TACTEAM • 



PROJECT MEXICAN HAT SI'IE. UTAH 

JOB NO. NA101 DATE ~1~01~10~/,='85:..._ __ _ 
SURFACEELEVA~TI~QwN~43~1~1~.~~----------------

• 

TOP OF FH.'IER PACK 94.00 
WELL CASING 'TYPE 4.0-IN.SCHED.40 PVC 
COMPLETION HONAKER TRAIL FM 

Page3oj 3 
LOG OF WELL BORING NO. 930 

TOTALDEPW 116.0/eet 
RIG TYP~:.----=-::=-:-=:--:-:::----------
BORING TYPE ROTARY-AIR 
LOCATION N 10550.30 E 7733.00 
DATUM MSL, @GROUND SURFACE 

Depth Well 
Con. Remarks Uthology uses Vuual Classification 

105 +---"""' :;~ . 

t----1 ~~~ ~~ 

t----1 1l~ :: 
110 :: :: Placed blank sump from 

t----1 ..: : :: 110 to 111 feet. 

t----1?0?<~ 
t----1 ~ Cave-in fill from 111 to 

115 t--~ ~ 116 feet. 
.~ 

UOt---"""' 

115+----; 

• 130+----4 

135+----4 

140+----4 

145+----1 

150+---"""' 

155+----1 

• - GROUNDWATER 
DEPm HOUR DATE 

¥ 52.3 10-12-85 

!~-~~-~--~ 

HONAKER TRAIL FM., Continued. 
t----1 

t----; Note: Interbedded sandstone seams 
from 110 to 113 feet. 

t----1 

SM SANDSTONE, silty, calcareous, 
thin bedded, with limstone seams and 
nodules, medium reddish brown. 
TD AT 116 FEET. 

JEGTACTEAM 



PROJECT MEXICAN HAT SITE. UTAH 
931 

JOB NO. NATOJ DATE 10/12185 LOCATION. NJ2083 0 E9971 0 
:J1 RIG RRRUA.J¥ RnTAR 
~ ~ ~ I BORING ~QURY -A.JR 7 718-JN 
"'L 0 ~~1 . ~ - SURFACE RJ.FY 4316.27 ~~'+- :iit~i"2 :!:c 'TU MSL.@ GROUND SURRArR 

c 0 ·- .~.~~~~~====~==~======================~ ~:c ~~~~ :6 ?' ~:;~~ C)-G l2~)cuo5~~ REMARKS VISUAL CLASSIFICATION 
v LS BALGAD'O SHALE MEM., CUTLER 

25+---"""i :1: 1' 
t---~ :1:: 
1----i :1: I 

t---~ :1: I 

~--+---+--+----1 Hole grouted to 
1--lf-----1-----,1----+-----,i surface after 
1--lf-----+-----1----+-----,i encountering 
t--i--+---+---1----lstrong 

petroliferous 
~--+---+--+----1 odor at 177 feet 

1--lf-----1-----,1----+-...:.Ml:.:ll=--f with oily 
1--i---+-----lf-----+--~ aattings. 
1--lf-----+-----1----+-----,i No water 
1-1---+-----lf-----+--~ encountel'ed. 

CL 
SC 

ML 
I 

t--__,_-i : I : I : 
30+---~~~~~~r4---~--+--~~Cl--i 

~~. sc 

351----1 

t---~ :j: 
40 :!: 

t----i: 1: 
1---~ :1: 
t---~ :1: 
t---~ :1: 

4S :1:1: 
:1: 

t---~ •I• 

·: 
1----i :.· 

so ::· 
/ 

MI. 

SM 

~ GROUNDWATER SAMPLE TYPE 
DEPTH HOUR DATE RX- Rock Coring - NX or HX 

:2 S- 2• O.D. 1.38• J.D. tube sample. 
il----+---+---~ U- r O.D. 2.42• J.D. ·tube sample. 
= T- 3• O.D. th~n-walled Shelby tube. 

G- Grab, cuttmgs sample 

IM.: 
LIMESTONE, silty, fine grained, 

thin bedded, brown. 
bigly weathered to 4 feet, occasional 
orange siltstone interbedded. 

SILT~ 1 ~Nr.;, ~dy, calcareous, 
very thin beck, mediwn 
orange-brown. 
Occasional thin limestone beds from 
13 to 16 feet. 

MUDS'1 uN.r.., friable, •a:u·ncm·I:'uc, 
med. orange. 

Sll...'J~JUN.t:-, very thin 
calcareous, med. orange. 

-, 

M11u~J~N.r.., calcareous, soft, 
mecl. to dark orange-brown. 
Becomes more silty and harder with 
depth. 

Sll...TSTONE, calcareous, thin 
bedded, mecl. orange-brown. 
Occasional thin limestone seam from 
46 to 48ft. 

SANDSTONE, silty, fine, 
calcareous, med. orange-brown. 

JEGTACTEAM • 



• 

• 

• 

PROJECT MEXICAN HAT SITE, UTAH LOG OF TEST BORING NO. 931 

JOBNO NAT01 0 DATE 10/12185 LOCATION N12083 0 E9971 0 ----

c: Ql : L ::JI RIG TYPE BEEMAN ROTARY 
IIIOGI ~ +-CSI Ql +- +- ....... 

BORING TYPE ROTARY-AlR 7 718-JN - OM-E OJ: I ~-u 'iiiL8 +-C: II 1- o -e Ql Ul - SURFACE ETF:V 4316.27 ~~~~~~ 0 lt-•11111 C:GI&to L+-+-- "0 Ito 

.r:: 
! ~ 
GIC:GI 
C·-&L 

55 

60 

~ 

70 

75 

80 

8S 

90 

9S 

100 

1......----

C: L+- Ql Ql '.D&to.C: QIQ. ~C:C:QI Ql -c: DA1UM. -+-Ill .r:: - - Ill- I c 0 +- Ql Cll3 1110 
+- •·- •Q. Q. Q.3 QIQ. ··- 111+-0 &to-Ill·-
C:C:III 1101 e e OCS) Ql 0 ~.g -C:L:JI ·--II+- REMARKS OGIGI LO II II -"'t L L OOGIL C:o-11 uo..a:: (!)..J en en 10-t't-"0 c-o J:UO..C :;)CIX.J 0 

.. · . 

. . . 
... . . . . . 
. . . 

I I ML 
I I 
I I 

I I 

I I 

I I 

I I 
I I 

I I 

I I 

I I 

I I 

I I 

I I 

I 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
I 

I I 

I 

I 

' I 
I 

' 
I 

I 
I 

I 

I 

I 

I 
I 

I 

I 

I 

I 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

GROUNDWATER SAMPLE TYPE 
DATE I RX- Rock Corinx - NX or HX 

S- 2·.o.D. 1.3s·.r.D. tube sample. 
U- 3 O.D. 2.42 J.D. tube samP,le. 
T- 3 • 0. D. thm-walled Shelby tube. 
G- Grab, cuttings sample 

MSL, (fJJ GROUND SURFACE 

VISUAL CLASSIFICATION 

HALGAJI'O SHALE MEM., CUl'LER 
I'M., Continued • 

SD..TSTONE, calcareo~, thin 
bedded, light to mecl. brown. 

Note: Occasional interbeds or lt. 
orange-brown mudstone from 100 rt. 

. 

JEGTACTEAM 



age o 
LOG OF TEST BORING NO. 

PROJECT MEXICAN HAT Sl1E, UTAH 931 

JOBNO NA1V1 . 
c 

I~ IIIOGI 
::J·-0 -o..-c • 2111111 0 

li=l 
L4- - II 1.! -4-111 .c 

"E!'iii ~ t ll ~g 8GIQI cZ ~a: (!)-I 

lOS :I: t: : !: 1: :1: 1: :1: 1: :1: 1: 110 :1: 1: :I: 1: :I: I• 

us 

:: : 
120 : : : 

:: : 
:1: 1: 
:,: :: 

us 1-

~ 

130 

13S 
1-

1-

.· 
140 

:-· 
:-· 

14S 
:' 

:' 

150 : i:/: 
: 1:1: 
: 1:1: 
: 

Jl: ISS :-

'-- GROUNDWATER 

----
DATE 10112185 LOCATION. N12083 0 E9971 0 

:JI RJG1YPE BEEMAN ROTARY ...... BORING TYPE ROTARY-AIR 7 718-JN - 0 I ~~ ~~;s 12i 
IIlLO - SURFACE ElEJl. 4316.27 CGI ... "C ... 

~~ Gl~ Gl -c DA rTU c 0 ·- 1110 

~ ~~~ ~~ 
... -Ill·-
·-1114-1_g,~,ii. CD-III REI'IARKS 

1 ........ ~ ... c-o :;)(1)0 0 

LS 

Ml 

LS 

' 

SM 

ML 

SM 

SAMPLE TYPE 

S- 2·.o.D. 1.38 • .J.D. tube sample. 
I RX- Rock Coring - NX or HX 

U- 3 O.D. 2.42 J.D. tube samp_le. 
T- 3 • O.D. thin-walled Shelby tube. 
G- Grab, cuttings sample 

MSL (fJ} GROUND SURFACE 

VISUAL CLASSIFICATION 

BALGAn'O SHALE MEM., ctn'LER 
I'M., Continued. 

Note: Increasing to equal amounts of 
mudstone interbeds from 110 ft. 

l.IMI'~'"I~U.N~, some ::!1. 

interbeds, rme grained, mostly 
orangeish brown with some lt. grey. 

SIL'I-~!fl U.N~, uu~us, med. 
reddish brown. 

l.T •.fUN~, • grained, light 
grey. 

Note; Change to sandy limestone 
from 129 feet. 

SILTY SANl!J~·Iu~~, lif!e, 
calcareous, thin bedded, med. 
reddish brown. 

Note: Anomolous radioactivity at 
147.5 on geophysical well log. 

SIL'I ~ ~~=d With seams 
interbeds, lt. med. greenish to 
brownish grey. 

1!. SAfllu;:, I u~-:-, with una .,.;uS of 
lu med ........... 

JEGTACTEAM • 



• 

• 

• 

PROJECT MEXICAN HAT SITE. UTAH 

JOBNO NATOJ DATE 10112185 LOCATION. . .. 
c Gl : L ::JI RIG TYPE 

111011 0.. +CS) Gl ... ... ...... 
BORING TYP.E ~-o - :JI OM-E - 0 o.c I ... c Ill ~ o -e UILO Gl Ul - SURFACE EIEY j!•• 0 ...... CGI ... L,.._ 

~ ... 
s::. L ... II Gl ,.D ... S::. 110. ='CCII -c D.A7UM. _,..UI i - - Ul-1 c 0 ... .,Gel ·- UIO 
t 't 't!"iii 0.. ~·&s,=~ ·- 111 ... 0 

... ___ 
•CD E ::11111.0 -CL::JI ·--· ... REMARKS ~-=: OGIGI LO • Ill -'"It L L L.D=' OOGIL co-• uo..o:: (!)..J en en ~ ... 'tJ c-o I:UO..C ::::;)(I)(.JO 

: . . . . . 
~· ~ . . . . . 

. . 
: . . . . . ... 

160 
: . . . .. . . ... . . : . . . 
: . . . . . ... . . 
: . . . . . . . 

165 
... . . 
: . . . . . .. 
: . . . ... 
: . . . . . 
: . . . . . . . 

170 LS 
. r-

I" 

175 :-:·:·:·:·: SP ·:·:·:·:·:· 
' ·.·.·.·.·.· ·.·.·.·.·.· 

.__ GROUNDWATER SAMPLE TYPE 

S- 2·.o.D. 1.38 • .J.D. tube sample. 
I RX- Rock Coring - NX or HX 

U- 3 O.D. 2.42 J.D. tube samp,le. 
T- 3 • O.D. thin-walled Shelby tube. 
G- Grab, cuttings sample 

Page4of 4 
LOG OF TEST BORING NO. 931 

N12083 0 E9971 0 
BEEMAN ROTARY 
ROTARY-AIR 7 718-IN 
4316.27 
MSL, @GROUND SURFACE 

VISUAL CLASSIFICATION 

LIMESTONE, silty, fine grained, 
calcareo~, sulfur odor, lt. medimn 
blue to greenish grey. 
Note: Becomes thin bedded, fassle, 
dark grey from 171 ft. 

SANDSI'ONE, fine grained, weakly 
~.........., friable, IL yellow grey lo 

ive. Has petroliferous odor, 
ossible "baby member" of Honaker 
rail Formation • 

TD AT 177 FEET. HOLE 
DECOMMISSIONED BY GROUTING 
FULL • 

. 

JEGTACTEAM 



PROJECT MEXICAN HAT SITE. UTAH 
Pagel of 4 

LOG OF TEST BORING NO. 932 

JOB NO NA1TJ1 I DATE 10113/85 LOCATION. NI3167. 7 EI2636 3 

c ll 
12:i 

:JI RIG TYPE BEEMAN ROTARY 
.-oa~ .... .... 

~ 
BORING TYPE ROTARY-AIR 5118-IN ~-u - - 0 I 

0+-C • ~LO SURFACE E:lE:Jl. 4225.13 
~-· U· Gl ... ~ ... 

iEl 
CL+- - Gl 1.! Gl~ 

~.~.~ 
-c DA1T.lM. MSL, (fJ) GROUND SURFACE ' -+-Ill i c u ·- CliO +-GI·- ! ll ! ·- ... -Ill·-

CCIII IIIUI :JIIIIJl ·~·~· .... REMARKS VISUAL CLASSIFICATION OGIGI LO LJl~ co-• 
UQ..~ (!)_,I Cl) 1..... ... c-u :lCI)UU 

• 
u LS BALGAII'O SHALE MEM., curLER 

"' I'M.: 
LIMESTONE, sandy, fine grained, 

med. orange- brown. 

s 

i 
Cl wi~f:~~~;';brid!~ble, S< 

orange. 

10 1!.4 ~ Hole 

:1: ML_ decommissioned ~U..TSTO~, sandy, fine 6 • ~~.";!' 

:1: by grouting to med. orange brown. 

:1: surface. 
I• 15 :1: Encountered :1: possible 

:1: hydrogen sulfide 
:1: gas followed by 
I I• water with 2.0 -: SM petrolifero us sn.. ~y SANDS' I UN~, ~k .... an~, 
-:" odor. fine gnuned, med. orange- brown. 
-:" Water level line 
-:· coated with two 

2S -:" reet or brown oil. 
-:". I Water quality Note: Some interbedded orange 
-:" shows salinity mudstone from 26 to l8 rt. 
-:"· 2%; EC 3100 

-:" uMbos; pH 8.08. 

30 ·:· 
-:· 
:--
-:" 

-:" 

35 .•· 
:-· 
~-

::· 

40 ·:· 
-:· 
::· 
·:· 
-:· 

4S ·:· 
:-· 
-. . 

Note: Considerable mudstone 
::· interbeds rrom 48 to so rt. so 
:I: MI. -• SU..'nH·~e:.' ::::~ J~~~.cd, 
•I• I aUU&wan~. to 

,_____ GROUNDWATER SAMPLE TYPE • DEPTH HOUR DATE RX- Rock Corinj. - NX or HX 
:s:z 151.0 07:35 10-14-85 S- 2• O.D. 1.3 • J.D. tube sample. 
'=" U- r O.D. 2.42• J.D. tube samp,le. ~ 
'=" T- r O.D. thin-walled She tUbe. JEGTACTEAM 

G- Grab, cuttings sample lby 



PROJECT MEXICAN HAT SITE. UTAH 
Page of 

LOG OF TEST BORING NO. 932 

. . JOBNO NA1V1 10113185 LOCA710N. DATE N1316Z 7 E12636 3 

• 
c l 

: L :JI RIG TYPE BEEMAN ROTARY 
-'OGI +G) Ql +- +- ....... 

BORING TYP.E ROTARY-AIR 5 118-IN :J-u - OM-e - 0 o.c I 
0+-C • o -e VILO Ql CJI - SURFACE ElE.ll. 4225.13 :Jill Ill u ....... CGI .... L+-+-- 'tl .... 
CL+- - Ql Ql ,Jl .... .t: QIQ. :JCCGI Ql -c DATUM MSL, (fJ) GROUND SURF ACE .t: -+-VI i - - VI-I c u +- Ql QCl - 1110 

! 't +- Gl·- t Q. 3 QIQ. - 111+-U .... -VI-
5CVI 11101 e ocga~o :JIVI.O -CL:JI -·· • cji QIQI LO ,2 ,2 --rLL ~B OOQIL co-• REMARKS VISUAL CLASSIFICATION c-u. uo..a: (!)_J cQo-4't-'tl J:UO..C ::;)(1)(.) u 

brown. 
Note: Some interbedded limestone 

55 seams to S4 feet. 
BALGAn'O SHALE MEM., CUI'LER 
I'M., Continued. 

60 

I 

I 

I 

65 I 

I 
I 

70 

I Note: Color change to greenish grey 
from 72 to 76 feet. 

75 

I 

80 

I 
I 

8S I 

I 
I 

I 

I 
I 

I 

I 

I 

90 
I I 

I I 
I I 

I I 
I 
I 

I 
I 

I 

I 

95 I 

I 

I 
I Note: Color change to greyish green 
I 

from 96 to 98 feet. I 

I 

Note: Some orange mudstone I 

I 
inter~ from 98 to 102 feet. 

100 
I 

I 

I 

I I 

I I 
I I 

I I 

I I 

'-- GROUNDWATER SAMPLE TYPE • I DEPTH HOUR DATE RX- Rock Cori"j. - NX or HX 
2 151.0 07:35 JD-14-85 s- 2·.o.D. 1.3 •_J.D. tube samp!fe = 
~ u- 3 O.D. 2.42 J.D. tube SDmP. • 
= T- 3 • O.D. thin-walled She tube. TACTEAM G- Grab, cuttings sample lby JEG 



PRQJECT MEXICAN HAT SITE. UTAH 
Page3 of 4 

LOG OF TEST BORING NO. 932 
N13167. 7 EJ2636 3 JOBNO NATVJ 10113185 LOCATION. DATE . 

.-5GI 
::JI RIG TYPE BEEMAN ROTARY ........ 

BORING TYP.E ROTARY-AIR 5118-JN ~-o - ·- 0 I J '~I .~ 0+-C • IIlLO SURFACE 'li'TFV 4225.13 
~-· 0 CGI ... 1!:~-~ "2 ... CL+- - ., ,_! GIQ. • -c 'TM 

i=l 
-+-Ill .c 

1,:~! 
c 0 ~- 1110 

.... Gl·- l'o Q. II ·- ~'~ ~" 
... -Ill·-

5i= E ::J\111.0 c-~~ REMARKS LO • L.o~ 
UCLO:: c.!) -I (I) IIU""'' ... U c-o :;:)CI)U 0 

105 : [:I: 
: I• I 

: [:[: I• : [:I, 
I [: 

110 : 1: : [: : [: : [: : [: us : [:[: : [:[: : [:[: : I• I 

: I• I 

120 I• I 

: [:1: 
: I• I 

I• I 

: I• I 
I• I 

: I• I 
I• I 

: I• I 

115 I• I 

: I• I 

: [: 
: [: 
: [: 

130 : [: ' 

: [: [: : 1: : I• I 

: I• I 

13S 
I• I 

: I• I 
I• I 

: [:[: 
: [:[: 
: '• 
: : : 140 : : : 
: : : 
: : : 
: : : 

145 : : i: 
: : : It I 

: 1::: 
: it I 

I• I 

: I• I 

.gso /:1: : 
1:1: : 1:1: : [: [: : [: [: 

ISS : [: [: I 

'----- r: ~OUNDWATER SAMPLE TYPE 
DEPTH OUR DATE RX- Rock Coring- NX or HX 

¥ 151.0 07.·35 10-14-85 S- 2• O.D. 1.38• J.D. tube sample. 
~ U - 3 • O.D. 2. 42 • J.D. tube samP,le. 
= L....---.J-...--'----......1 T- 3 • O.D. thin-walled Shelby tube. 

G- Grab, cuttings sample 

MSL (/JJ_GPnTTNil SURFAr'li' 

VISUAL CLASSIFICATION 

BALGAD'O SHALE MEM., Cln'LER 
I'M., Continued. 

Note: Color change to lt. greenish 
grey from 110 to 114 ft. 

Note: Considerable interbedded 
orange mudstone with trace 
limestone from 116 to 118 feet. 

Note: Some interbeds of lt. grey 
limestone from 132 to 138 ft. 

Note: Some interbeds of lt. to med. 
grey limestone from 146 to 187ft. 

. 

JEGTACTEAM • 



•• 

• 

• 

PROJECT MEXICAN HAT SITE. UTAH 
Page4of 4 

LOG OF TEST BORING NO. 932 

JOB NO. NAT01 DATE 10113185 LOCATION.--~N~13~1~6~7.~7~E~1~26~3~6~3 ______________ _ 

:JI RIG TYPP: BEEMAN ROTARY 
~ ~ 

- 0 
~LO 
CQI~ 
QIQ. 
c u 

~ 1 BORING TYPE ROTARY- AIR 5 1 18-JN 
f~,._! "C ~ SURF ACE E1 EV 4225.13 

~~~.! -§1-~D~~~~~~====;M==SL==.®==G=R=O=U.=N.D===S=URF.==~=C=E========~ 
-~u '+--~·-
-Ct.:JI·--•~ 

160+----1 

165+----1 

170.._--1 

175 
-- I 

' I 
I 

I 

I 

I 

180 
I 

I 

I 

I 
I 

I 

I I 

I I 

I I 
I I 

185 I I 

I I 

I I 

I I 

190 

OOGIL Co-111 
J:UQ.C :J(I)U U 

REl'IARI<S 

Top of Honaker 
1---it----+----+----+---1 Trail Fonnation 

1---it----+----+----+---1 may be at 162 or 
~--+----+---+-~ 187 feet. The 
1---lf----+---1-----+-~ geopysicallogs 
1---'1----+----+----+----t do not show any 

break between 
~--+----+---+-~so to 187ft. 

LS 

L..-- GROUNDWATER SAMPLE TYPE 
DEPTH HOUR DATE RX- Rock Coring - NX or HX 

¥ 151.0 07:35 10-14-85 S- 2• O.D. 1.38• J.D. tube sample. 
:![ U- 3 • O.D. 2. 42 • J.D. tube samp_le. 
= L.----.1..---'------' T- r O.D. thin-walled Shelby tube. 

G- Grab, cuttings sample 

VISUAL CLASSIFICATION 

·-
LIMESTONE, fine grained, lt. to 

medium grey. 

TD AT 193 FEET. 

JEGTACTEAM 



PROJECT MEXICANHATSITE, UTAH 

JOBNO NATDJ . DATE 
c :JI . .. ocu .... 

~--o - - 0 

10115185 LOCATION. 
RIG TYPE 

I BORING 1YP..E 

Pagel of 4 
LOG OF TEST BORING NO. 933 

N7782 3 E8444 7 ----
BEEMAN ROTARY 
ROTARY-AIR 5118-JN IJ ;t~J l5.!i 0+-C • lllt.O SURF ACE E.l E.ll 4365.03 ~ 

~-· 
0 CCII ... "C ... • liE: 

t.+- - II 1.! CIIQ. Cll -c DAnTM MSL, @ GROUND SURFACE -+-Ill s:. c 0 I!~~ ·- 1110 +-CII·- Q. 
~ 11 l!l~f :s~ui.D 

... -Ill·-
CCIII 'IIICII 

@~~ OCIICII t.O • t..D~ iJl.-.,~n REMARKS VISUAL CLASSIFICATION uo..a:: (!)..J (I) I~V c-o 
• :1:1: MI. BALGAli'O SHALE MEM., CUTLER 

:1:1: I'M.: 

:1:1: Trace water SILTSTONE, calcareous, mediwn 

:[:[: found in brown to orangish brown. 

5 :I:[: borehole, unable 
to clet.ermioe Note: Color variable includes seams 

:1:[: soun:efrom with lt. grey. 
:[:1: geophysical log. 
:[:1: Hole 

10 :[:1: decommissioned 
:1:1: by grouting to 
:1:1: surface. 
: !:[: 
:[: [: 

15 
I 1•1• 

~· Cl MUD~H~U!'IE, calcareous, with 
~ sc interbeds of siltstone, soft, orangish 

brown. 

20 

25 ~ 

~ 30 

... ~ 
:I: MI. SILTSTONE, with mudstone 

:[:[: interbeds, occasional thin limestone 

35 :[:[: seams, med. reddish brown. 

:[:[: 
:1:1: 
:[:[: Note: Mudstone decreasing from 38 

40 
:[:[: feet. 
:1:1: Note: Trace chert from 40 to 45 feet. 
:1:1: 
:1:1: 
:1:1: 

45 :1:1: 
:[:1: Note: Color slightly greenish from 45 

:[:1: ft. . 
:1: : 
:1: : 

so :1: : 
:1: : 

,___ GROUNDWATER SAMPLE TYPE 

rEP111 tOUR I D.j7E I RX- !Jock Coring.- NX or HX 2 S- 2 O.D. 1.38' J.D. tube sample. i U- r O.D. 2.42• J.D. tube samp}e . 
.,.,. T- 3 • 0. D. thin-walled Shelby tube. 

G- Grab, cuttings sample 

• 
JEG TACTEAM 



• 

• 

• 

PROJECT MEXICAN HAT SITE, UTAH 

JOBNO NAT01 . DATE 
c II = L ~ 

111011 D. +-(5I II ... ... 
::J-U - ~ OM-e - 0 

10115185 LOCATION. 
RIG TYPE: ....... 
BORING 1YP..E cu:: I 

Page2oj 4 
LOO OF TEST BORING NO. 933 

N7782 3 E8444 7 ----

BEEMAN ROTARY 
ROTARY-AIR 5 118-IN 

0+-C Ill .... 0 -e IIlLO II Cl - SURFACE ETEV 4365.03 2111111 u ...... CQI ... L+-+--- "D ... 
L+- - II II ,.o ... .c liD. ::JCCII II -c DA7VM. MSL, (fJ) GROUND SURFACE .c -+-Ill .c - - Ill- I 0 u +-II 113 ·- 1110 ...... +-II·- D. D. D. :a liD. ·- 111+-U ... -Ill·-

!.~! 
CCIII •g e e OC5) Ql 0 ~111.0 ·-CL~ --Ill+-

REMARKS VISUAL CLASSIFICATION OIIQI IJ ..... m m _.LL L.D::J OOIIL CD-III 
UD..et: co-t ... "D c-u J:UD..C ;:)CJX.JU 

I Note: No mudstone from 51 feet; 
I 

occasional chert and limestone I 

I inclusions. toSS feet. ss I 

I BALGAli'O SHALE MEM, CUI'LER I 

I I'M., Continued. I 

I 

I 
I 

I 

60 
I 

I 

I 

I 
I 

I Note: Some orange mudstone seams 
I 

I 
I 

from Q to 65 feet. 
I 

65 ~·~ CL MUDSI'ONE, calcareous, soft, 

~ 
sc brick" orange. 

70 
·,4·,<f,;. 

" ML SILTSI'ONE, calcareous, thin I I 
I I 

bedded, med. orange- brown. I I 
I I Some interbeds of orange mudstone. I I 

I I 

75 I I 
I I 

I I 
I I 

I I 

I I 
I I 

I I 
I I 

80 
I I 

I I Note: Considerable chert material 
I I 

I I 

I I 
from 80 to 86 ft. 

I I 

I I 
I I 

I I 

85 
I I 

I I 

I I 

.. 
I I 
I I 

I I 
I I 

I I 
I I 

90 I 

I Note: Trace lt. grey limestone 
interbeds from 90 to 96 ft. 

95 

. 
100 

I 

I 

I 

I 

..__ GROUNDWATER SAMPLE TYPE 
DEPTH HOUR DATE RX- Rock Cori"j. - NX or HX 

:sz S- 2• O.D. 1.3 • J.D. tube sample. = U- r O.D. 2.4r J.D. tube samp_le. ~ = T- r O.D. th~n-walled Shelby tube. JEGTACTEAM 
G- Grab, cutttngs sample 



PROJECT MEXICAN HAT Sl1EI UTAH 
Page3oj 4 

LOG OF TEST BORING NO. 933 

JOB NO NA1TJ1 . 
c I! CIIOQI 

:.-u -o.-c • =-•.u u 
I_! 

ll~l 
CL.- II -.-Ill ~ 
.-QI·- A. A. I! CCIII •et ! OGIGI ~j (.)Q..Q: 

105 :1: 1: 
:: !: 
:1: 1: 
::: i: 
: j: 1: 

110 :1: :: 
: i: :1: 1: 

1: 
:: 1: 

115 :/: 1: 
:1: 1: 
:1: 1: 
:1: 1: 
:I: 1: 

1lO :1: 1: 
:I: 1: 
:1: 1: 
:I: 1: 
:1: 1: 

125 :I: 1: 
:/: /: 
:/: /: 
:/: /: 

130 :/: /: 
:/: 1: 
:I: 1: 
:I: /: 
:/: /: 

135 :/: /: 
:I: 1: 
:I: 1: 
: I 

: : : : : 140 : : : : : : : : : : 
: :.: 145 : : : 
: ,: !: 
: ': ': 

·' I : I• I 

150 : i:i: I• I 

: I• I 

I• I 

: 1:1: 
: I• I 

1:1: : I• I 

155 : I• I 

I• I 

'--- GROUNDWATER 

DATE 10115185 LOCATION. N7782 3 E8444 7 ----

" RIG TYPE BEEMAN ROTARY .... 
BORING TYP.E ROTARY-AIR 5118-JN - 0 I 

i2J1 I~ "'LO SURFACE li1'EY 4365.03 CGI~ 'tJ ~ • QIA. 

1;9,&;~ 
Gl -c DATUM. c u ·- -0 

! - ~-~~~·-:JIIII-'1 --.a.- REMARKS L-'1 =- co- .a 
IIW' .., c-u ::;)CIX.J u 

. 

SAMPLE TYPE 

S- 2·.o.D. 1.3lr.J.D. tube sample. 
I RX- Rock Coring - NX or HX 

U- 3 O.D. 2.42 J.D. tube samp_le. 
T- 3 • O.D. thin-walled Shelby tUbe. 
G- Grab, cuttings sample 

MSL 1 @GROUND SURFACE ~ 

VISUAL CLASSIFICATION 

HALGAJI'O SHALE MEM., curLER 
I'M., Continued. 

-

• JEGTACTEAM 



• 

• 

• 

PROJECT MEXICAN HAT SITE, UTAH 

JOBNO NAT01 . DATE 
c Cll : L :JI .-ocu Q.~ Cll +- +-

::1-U - :JI OM-e - 0 

10115185 LOCATION. 
RJG1YPE ....... BORING TYP.E cu:: I 

Page4of 4 
LOG OF TEST BORING NO. 933 

N7782 3 E8444 7 ----
BEEMAN ROTARY 
ROTARY-AIR 5 1/8-IN 

0+-C Ill ... o -e IIlLO Cll Ul - SURFACE E.lE.ll. 4365.03 
~-· 

u ...... CCII ... L+-- "0 ... 
L 
+- +-
Q. Cll 
g~: 

160 

165 

170 

175 

.._____ 

L+- - II Cll ,.D ... L CliO. :I CCCII Cll -c DATUM -+-Ill 

ia~ 
.,.__I c u +-CIIGa ·- .-o 

+- Cll·- Q. Q. 3 CliO. ·- lfi+-U ... -Ill·-
CCIII e e OIS)CIIO :JIIII.D -CL:JI ·-·-Ill+-

REMARKS OCIICII &.9 Ill Ill --.LL L.D::I OOCIIL CQ-111 uo...o:: U) U) 110-1 ... "0 c-u E:UQ..C ::::10UU 

I 

LS 

I 

GROUNDWATER SAMPLE TYPE I RX- Rock Coring - NX or HX 
S- 2• O.D. 1.38• J.D. tube sample. 
U- r O.D. 2.42 • J.D. tube samp,le. 
T- 3 • O.D. thin-walled Shelby tube. 
G- Grab, cuttings sample 

MSL, @GROUND SURFACE 

VISUAL CLASSIFICATION 

BALG.Ali'O SHALE MEM., Continued. 

HONAKER TRAIL FORMATION: 
LIMESTONE, shaley at contact, It. 

grey to greyish brown. 

TD AT 175 FEET • 

-

JEGTACTEAM 



PROJECT MEXICAN HAT Sl1E, UTAH 
Pagel of 4 

LOG OF WELL BORING NO. 934 

JOB NO. NA1Vl DATE --=1=01:...:.1~6/.='85::........----
SURFACEELEVAn~~nwN~4~~~·2~7 ________________________ _ 
TOP OF FILTER PACK 177.00 

TOTAL DEPTH 200.0 feet 
RIG 1YPE BEEMAN ROTARY 
BORING TYJ!.F ROTARY- AIR 

~CASING TYPE 4.0-IN.SCHED.40 PVC 
,Iii N 9221.30 E 11989.90 

COMPLETION HALGAITO SHALE MEM. MSL (iJ) GROUND~RF~ 

Depth 
Well 

Remarks Lithology uses Vuual Classification 
Con. 

u 
.: MI. BALGAn'O SHALE MEM., CUTLER 

IR-rn...t 5 1/8-in bole to I'M.: 
[8-in bole. 

1: 
SILTSTONE, cherty, c:alcareous, 

IT. .II . ..II 4-in PVC cased 1: some interbedded mudstone, medium 
1: 

5 [well to 197 feet. orange- brown. 
1: Note: Swface strewn with rock slabs 
[: of weathered limestone, and traces of 
1: gypsum. 

[Pia~ steel protective [: 
10 leasing to 8 feet. [: 

[: 
~ : 
1: 
1: 

15 [: IT, .II ..II bentonite- 1: 
grout to 172 Note: Color change to mec:l. brown. i: [feet. .I: 

20 
r: 
1: I 

i• I I• I 

I• I Note: Becomes thin bedded, little or I• I I• I no chert present from 22 ft. I• I I• I 

25 I• I I• I •I• I •I• I •I• I 
•I• I 

•I• I 

•I• ' 
•I• ' Note: Considerable mudstone 

30 
•I• I •I• I interbeds from 29 to 36 feet. •I• ' •I• I •I• I 

•I• ' 
•I• ' •I• I •I• I 

•I• ' 
35 •I• I •I• I •I• I •I• I 

•I• I •I• I 

·I· I 

·I· I 
Ill I 

40 •I• I 
Ill I Note: Occasional mudstone seams •I• ' 
•I• ' from 36 to 44 feet. •I• I 

•I• I 

•I• I 

•I• I •I• , 
45 

·I· I •I• I 

·I· I 

•I• ' •I• I 

•I• I . 
•I• ' •I• I 

•I• I 

•I• I 

so •I• ' •I• I 

•I• I 

•I• ' .__ 

- GROUNDWA1ER • JEG TACTEAM 



PROJECT MEXICAN HAT SITE, UTAH 
Page2of 4 

LOG OF WELL BORING NO. 934 
JOB NO. NA101 DATE ---=-1=01-=-16=/,=85...__ __ _ 
SURFACE ELEVAV.uyQ~N-4-:-:2:::89:-:·::::2-7 _______ _ 
TOP OF FILTER PACK.....:17777.7.00:7-="===-~~~---
~ CASING 7YPE 4.0-JN.SCHED.40 PVC 

TOTAL DEPTH 200.0 feet 
RIG TYPE BEEMAN ROTARY 
BORING TYPE ROTARY- AIR 
LOCA17QN N 9221.30 E 11989.90 

COMPLE170N HALGAITO SHALE MEM DATU),f MSL @GROUND SURFACE I 

Depth Well 
Remarks Lithology uses V&Sual Classification Con. 

r-
I 
I 

I 

I 

55 I 

I BALGAli'O SHALE MEM., Continued. 
Note: Some mudstone interbeds from 
55 to 57 feet. 

60 
I 

6S I 

Note: Occasional thin limestone and 
mudstone interbeds from 66 to 82 ft. 

70 
I 

I 

I 

I 

I 

I 

75 
I I 

I 

I • I 

I 

I 

' I 

I 

I 
I 

80 I 

I 

I 

I 
I 
I 

I 
I 

I 

8S I 

I 

I 
I 

I I 

I 

I 

I 

I 

90 
I 

I 

95 

I 

-
100 

....... 

• -. GROUNDWATER 
DEPIH HOUR DATE 

~ 
i: = JEGTACTEAM 



PROJECT MEXICAN HAT SITE. UTAH 

JOB NO. NATOJ DATE ~1..:.!01~16:.:.t,=85~--
SURFACEELEVATI~o~w~4~~~·2~7----------------
TOP OF FILTER PACK....:1~777.:..:':00:7'====-~=-=-==----
WElL CASING IYPE 4.0-IN.SCHED.40 PVC 
COMPLETION HALGAITO SHALE MEM 

Page3 of 4 
LOG OF WELL BORING NO. 934 

TOTAL DEPTH 200.0/eet 
RIG TYPE BEEMAN ROTARY 
BORING TYPE ROTARY- AIR 
LOCATION N 9221.30 E 11989.90 
DATUM. MSL @GROUND SURFACE I 

Depth ~!~ Remarks Lithology uses Vuual Classification 
,_,. 

105 •I• I 
•I• I BALGAn'O SHALE MEM., Continued. •I• I 

•I• I 

•I• I 

•I• I 

•I• I •I• I 

•I• I 

110 
•I• 
•I• Note: Occasional interbeds of thin •I• 
•I• grey limestone and orange mudstone :1: seams from 100 to 117 feet. •I• 
•I• 
•I• 
•I• 

115 •I• 
•I• 
•I• 
•I• 
•I• 
•I• 
•I• •I• 
•I• 

uo •I• 
•I• Note: cherty siltstone from UO to TD; •I• I 

•I• I Occasional thin limestone and •I• I 

·I· I mudstone seams. •I• I 

•I• I 

•I• I 
•I• I us Ill I 

•I• I 
•I• I 

•I• I 

•I• I 

•I• I 

•I• I 

•I• I 

I •I• I 

130 •I• I 

•I• I 

•I• I 

•I• I •I• I •I• I 
•I• I 

•I• I 
•I• I 

135 
•I• I 

•I• I 

•I• I 

•I• I 

•I• I 

•I• I 
I I I 

1.1 I 
I I I 

I I I 

140 I I I 

I I I 

I I I 
I I I 

I I I 

I I I 

:: : 
I I I 

145 
I I I 

I I I 

I I I 
I I I 

I I I 
I I I 

I I I 
I I I 

I 11 I 

150 '·' I 
I io I 

Note: Wet below 150 feet. I I I 

Ill I -
I 'o I 

I I I 

I 11 I 

I I I 

Ill I 
I I I 

155 I 11 I 

Note:""' ~ drilling S 1/8-in 
'-

I 'o I 

...._ 

JEGTACTEAM 

• 

• 



••• 
PROJECT MEXICAN HAT SITE, UTAH 

Page4of 4 
LOG OF WELL BORING NO. 934 

JOB NO. NA1fJJ DATE ~I~OI~I~61<~'85~---
SVRFACEELEVA~n~nwN~4~289~.2~7 ________________ __ 

TOP OF FH..TER PACK....:1~77.7.~007-::-=~~==-----
WEIL CASING TYPE 4. 0-IN. SCHED. 40 PVC 

TOTAL DEPTH 200.0 feet 
RIG TYPE BEEMAN ROTARY 
BORING TYPE ROTARY- AIR 
LOCATION N 9221.30 E 11989.90 

COMPLETION HALGAITO SHALE MEM DATUM . MSL, @GROUND SURFACE 

Depth Well 
Con. 

Remarks Lithology uses Vuual Classification 

160+----f 

165+----4 

170+----f 

' 175 t----4 

8 Placed bentonite- slurry 
~ seal from 172 to 177 

feet. 
8 s 

:! Placed filter pack sand 
:: from 177 to 197 feet. 

I 
I I 

I 

I 

borehole at 155 feet. Reamed with 
8.0-in and deepenoo to 200 feet after 

t----1 water encountered at 150 ft. 

BALGAli'O SHALE MEM., Continuoo. 

Note; Some interbeds of sandstone, 
slightly micaceous. Color change to 
dark red to red. 

• 1801---1 

• 

185 t----"-f 

190+----f 

195+----f 

··~ ·. 
: :~ :: Placed .051 slot well 
: :~ :: screen from 188 to 198 . ~ . ,. 
:;~ ;: aeet. I 

::~: : 
I I 

I 

::~: I 

=:~: I 

==~: : '•~ • I I 

=:~: : : 
==~: I I 
•:~ :- I I 

t----1 ~~ ~ Cave-in fill from 197 to : : 

Note: Color change to orange red, 
t----1 slightly clayey, trace mica, 

1----4 calcareous, 

t----1 ~ ~ 200 feet. : : 

200 ~---+~~~~~~~T~w~o~~~oo~t~s=wm~•~oim~m~ll~oo~--~--~~~~--~~---+~~~~~==~--------------; 
at 198 ft. t----1 m AT 200 FEET. 

205+----4 

JEGTACTEAM 



PROJECT. MEXJCAN HAT SITE, UTAH 
Pagel of 4 

LOG OF TEST BORING NO. 935 
JOBNO NAWJ . DATE 10119185 LOCATION. N10023 8 E12468 3 

c 
I~ 

~~~~ 
::JI RIG TYPF BEEMAN ROTARY 

UIOQI ...... 
-~ BORING TYP.; ROTARY- AJR 5 118-IN ;:,·-U - ·- 0 I 

0+-C Ill UILO 

ltj~ f!•• u CGI'+- ~~~1~ SURFACE El_ll 4230.62 

ilJ 
L+- - Ql :.! QIQ. DATUM. MSL,@ GROUND SURFACE -+-UI .c. 0 u 

... Gl·- Q. Q. 

I! ·- ~~~~l CCVI IIIUI e ::JIUI.D 
~~~5 REMARKS VISUAL CLASSIFICATION 81.& LO • L.D:J 

(!)..J en 1 ...... , ...... c-u 
u 

l~li 
SP HALGAITO SHALE MEM., CUfLER 

I'M.: 
~~ SANDSTONE, very fine grained, 

: [: I ML calcareous, fassle, bard, occasional 
I 

· ••· seams, reddish brown. 5 : [: I 
I 

SIL'J :nu~.a:-' ~hly cal~us, : [: I 

I 

: [: I hard, clark red to orange red. 
I 

: [: I 

I 

: [: I 

10 
I 

: j: I . 
;j; ! 

: [: I 

I 

: [: I 

I 

: [: I 

15 I 

: [: I 

I 

: [: 
:[: 
:[: 

20 : [: 
:[: 
:I: 
:I: 

15 
:I: 

ML SANDSTONE AND SILTSTONE, 
SM alternating with variable sand 

content, reddish brown. 

30 

35 

40 

45 

-

so 

1.....--- GROUNDWATER SAMPLE TYPE 
DAlE I RX- Rod< Conng- NX o' /IX 

S- 2·.o.D. 1.3H • .J.D. tube sample. 
U- 3 O.D. 2. 42 l.D. tube samp)e. 
T- r O.D. thin-walled Shelby tube. JEGTAC TEAM 
G- Grab, cuttings sample 

• ' 



Page2oj 4 
LOG OF TEST BORING NO. 935 PROJECT MEXICAN HAT SITE, UTAH 

JOBNO NA7V1 . DATE 10119185 LOCATION N10023 8 E12468 3 

• c ., = '- :JI RIG TYPE BEEMAN ROTARY 
IIIOGI G. +G ., ... ... ........ BORING TYPE ROTARY-AIR 5 118-IN ~--u - :JI gc'l-E - 0 ~ I o ... c lll .... -e IIlLO ., CD - SURFACE EIEV 4230.62 e•fll u .... fllfll CGI ... '-... ~- '"0 ... 

'-... ., ., ,.o ... .c GIG. ~CCGI ., -c DATUM MSL, @GROUND SURFACE .c - ... Ill .c - - II'- I c CJ ... .,QI:I 1110 ...... ... .,._ 
iCD ~ ! 3 zo. ·- III ... U ... -Ill·-

a. .r CCIII ()G) 0 :JIIII.D -CL:JI -·-Ill ... REI'IARKS VISUAL CLASSIFICATION GIC OGIGI LO Ill ~'-'- L.D~ OOGIL Co-lli c-u.. 00..0:: (!l_j (I) (I) 10--4 ... '"0 c-u :E:UQ.C ::;)(1)0 u 

... : 
· ... BALGAlrO SHAlE MEM., Continued. 

ss •.• Note: Some orange clayey siltstone 
•.• interbeds with sandstone and 
... siltstone layers • 
. . 

.... 
60 ... : 

•.• 

... 

... 

65 
... 

... : 
· ... 
· .. : 
... 

70 ··.· 
... 
'•,• 

· .. : 
... : 

75 . ... 
. · .. · • · ... 
'•.• 

80 
· .. : . .· SM SANDSTONE, silty, very fine :-··.· grained, c:alcareous, lt. grey. 

:-··.· 

8S 
:.··.· 

ML .. SANDSTONE AND Sll..TSTONE, ··.· 
SM interbedded, highly calcareous, hard, 

•.• 

clark red to reddish brown. 
•.· 

... : 
90 · ... 

•.• 

· ... 
•.• 

... 
95 · .. : 

· .. : 
· .. : 
· ... . 

100 ··.· 
· .. 

. · .. : 
··.· • L...-- GROUNDWATER SAMPLE TYPE 

DEPTH 'HOUR DATE RX- Rock Corillj. - NX or HX 
sz S- 2• O.D. 1.3 • J.D. tube sample. 
:i U- 3• O.D. 2.42• J.D. tube samp_le. 
- T- 3 • O.D. thin-walled Shelby tUbe. JEGTACTEAM 

G- Grab, cuttings sample 



PROJECT MEXICAN HAT SITE. UTAH 
Page3oj 4 

LOG OF TEST BORING NO. 935 
JOBNO NATOJ I DATE 10119185 LOCATION N/0023 8 E/2468 3 

c 

~ ;:~' 
:::JI RIG TYPE BEEMAN ROTARY 

UIOQI ...... 
h~ 

BORING TYP.; ROTARY- AIR 5118-JN :::J·-0 - - 0 I 
0+-C fll UILO I :::Jfllfll 0 CQI ... 1"2 .... SURFACE E.l-'L 4230.62 

li=l 
CL+- - Ql .! .~~~ 

QIQ. 
I~~ -c DA1VM.. MSL 1 @GROUND SURFACE -+-VI ~ 0 0 I·- UIO +-GI·- 0.. ~ ! ;,~ui.D I·~§~~ 1 ... -111·-

CCIII IIIUI 

;~N REMARKS VISUAL CLASSIFICATION OQIQI &j /A L.D:::J 
00..0:: 1&1' .... o-o 

• 
105 BALGAITO SIIAI.E MEM., Continued. 

110 

115 

120 

-; 
us 

130 

135 Note; Continued alternating 
sandstone and siltstone with change 
or color or siltstone to maroon, highly 
calcareous. 

140 

145 

150 . 

155 
L.- rr1 GRO NDWATER SAMPLE TYPE 

DEPTH OUR DATE RX- Rock Coring - NX or HX 
:SZ S- 2• O.D. 1.38• J.D. tube sample. 
~----1----+---+-----1 U- 3• O.D. 2.42• J.D. tube samp_le . 
.__--"'----'-----' T- r O.D. thin-walled Shelby tube. 

G- Grab, cuttings sample 

• 
JEGTACTEAM 



• 

• 

• 

PROJECT MEXICAN HAT SITE. UTAH 
Page4oj 4 

LOG OF TEST BORING NO. 935 

JOB NO. NATVJ 

Ill 
u 

i 
IIIUI 
t.O 
(!)..J 

· ... 

· ... 

DATE 
::JI 
~ ~ 

·- 0 lllt.O 
CQI ... 
QIQ. 
c u ·-::JIIII.D 
t..D~ 
o-u 

10119185 LOCATION ____ N==100==23~8~E=1~24~68~3~-------------
RIG TYPE BEEMAN ROTARY 

~ 1 BORING TYPE ROTARY- AIR 5 1 18-IN 
f~-!' -o ... SURFACE ETEV 4230.62 
~~~ cu ;§ 1 ~D~A~~~~====~M==SL=·=@~G=R=O=U=ND===S=U=RF=A=C=E========~ 
~~~~u ... -111·-1-
·-Ct.::JI·-·-•~ 
OOQit. Co-111 
Z:UQ.C ::JCIX.J U 

REMARKS VISUAL CLASSIFICATION 

160~--~~~~~~~~~~-----+----~----~){L~~ 
BALGAli'O SHALE MEM., Continued. 

SILTSTONE, reddish brown, with 
SO % interbedded It. grey 
limestone,some thin sandstone 

I I I 

I I I 
I I I 

I I I 

I I I 

I I I 

I I I 

165~--~~~~~~~-+~~-----+----~----~){L~~ 
I I I 

I I I 
I I I 

1----~::: 
1---~ I I I 

I I I 

170 ~----~ : : : 

· .. : 
1751----1 

... : 

· ... 
'•.• 

1801----1 .... 

.· .. : 

I :II I I I 
I I I 

){L 
SM 

SAMPLE TYPE I RX -RDd< Coring - NX or HX 
S- 2• O.D. /.Jlr J.D. tube sample. 
U- r O.D. 2.42• J.D. tube sampJe. 
T- 3 • O.D. thin-walled Shelby tube. 
G- Grab, cUitings sample 

seams. 

SILTSTONE, maroon, with S % 
limestone seams, 

SANDSTONE AND SILTSTONE, 
interbedded, limestone absent, moist, 
maroon to reddish brown. 

Note: Color change to dark red or 
reddish brown to chocolate brown 
siltstone/sandstone; fassle, very hard. 

SILTSTONE, with SO% lt. grey 
limestone. 
TD AT 187 FEET • 

JEGTACTEAM 



Pagel of 3 
LOG OF TEST BORING NO. 936 PROJECT MEXICAN HAT SITE. UTAH 

JOB NO. NATOJ DATE 10120185 L OCAT/ON. NJJ391 7 El0912 3 

• 
-~QI ~~ ~~~ 

~ RIG'JYPF BEEMAN ROTARY 
+- +- bi BORING TYP.E ROTARY-AIR 5118-JN ~-o - - 0 I 

+-C:: • 

1~_1f 
~LO 

~~~i! It~~ 
SURFACE ETFV 4182.90 

~·· 
0 Ql~ 

t 

~j 
C::L+- Ql 1.!! QIQ. DATUM. MSL. @GROUND SURFACE -+-Ill ~ 

·j ~! 
0 0 

+- Gl- tUI il - l~t~~ ~C::III ~.g 1§&3 REMARKS VISUAL CLASSIFICATION QIQI LO 
UQ..O:: (!).J , .............. ~ c-o 

u 
: 1:1: MI. BALGAD'O SHALE MEM., CUlLER. 

: I• I I'M.: 
I• I SILTSTONE, with day seams, dark : 1:1: reddish brown. : 1:1: 

5 : I• 1:1: : 
: 1: 
: 1:1: 

I• 

10 : 1:1: 
Note: Becomes calcareous, very : I• 

: 1:1, bard, no day, dark reddish brown to 

: 1: chocolate brown. 

: 1:1. 

15 : 1: 
: 1: 
: 1: 
: [: 
: 1:1, 

20 : [: I; : : : I 

: [: [: 
lS 

: [: :: 
: [: [: I 

: 1: [: 
: [:[: 

.. : [:[: 
30 : [:[: 

: 1:1· 
: I• 
: 1:1. 

I• 
: 1:1. 

35 : 1: 
: [:[: 
: I• 
: [:r. 
: 1: 

40 : 1: 
: [: 
: 1: 
: 1: 

45 : : : 
: : : 
: [: [: . 
: i: :: 
: [: [: 

50 : !: [: 
[:[: : 1•1• 

~ GROUNDWATER SAMPLE'IYPE 

IDEP77f LOUR I DA1E I RX- f.!ock Cori•<.- NX or HX SZ S- 2 O.D. 1.38' J.D. tube sample. 
~ U- 3 • O.D. 2.42 • J.D. tube samP,le. 
= T- r O.D. thin-walled Shelby tUbe. 

G- Grab, cuttings sample 
• JEG TACTEAM 



PROJECT MEXICAN HAT S11E, UTAH 
Page2of 3 

LOG OF TEST BORING NO. 936 

JOB NO. NATO I DATE 10120/85 LOCATION. N11391.7 E10912.3 

c cu = t. :JI RIG TYPE BEEMAN ROTARY 
.-ocu ~ +-(5) cu ~ ~ ....... 

BORINGTYPR ROTARY-AIR 5 1/8-JN • a-u - OM-E ~t.8 
Q.C I 

~c • .... o -e f~..,_! - SURFACE e; E.~ 4182.90 

~·· 
u ...... CCII ... "D ... 

t.~ - cu cu ,.D ... .C CUQ. :I CCCII cu -c DATUM MSL, (fJ) GROUND SURFACE .c -~- .c - - Ill- I c u ~ cu cu::z ·- 1110 

ici ~··-
Q. Q. Q.:J CUQ. ··- 111+-U ... -Ill·-

CCIII .U) E E QCS) CU 0 :JIIII.D -Ct.:JI ·-·-•+- REMARKS VISUAL CLASSIFICATION ocucu t.O • • ~Lt. t..D::::I OOCUt. co-• 
C·-U.. UQ..O:: CD...J en en CD--1 ... "0 ~u ~UQ..C ::»cnuu 

I I 

I I 

I I 
I I 

ss I I 

I I BALGAn'O SHALE MEM., Continued. 
I I 

I I 

I I 

I I 

I I . 
60 

'. 
65 

¥ 

'~ 

... 70 I 

.. 

75 
I 

I • I 

I 
I 

I 

I 
I 
I 

I 

80 I 

I 
I I 

I I · 
I I 

I I 

I I 

I 

I 

85 I 

I 

I 

I 

I 

I 

I 

90 

95 I 

I Note: Becoming sandy with 
I 

I sandstone seams, maroon to It. green 
I 

to dk. red. I 
I I 

Occasional limestone seams. I I 

I I . 
100 I I 

I I Note: Sandstone comprises SO % ~f 
I I 

I I cuttings. 
I I 

I I 

I I 

I I • - GROUNDWATE_R SAMPLE TYPE 
I DEPTH 'HOUR DATE RX- Rock Cori"j.- NX or HX 

2 S- 2" O.D. 1.3 "I.D. tube samp~ = U- 3" O.D. 2.42" I.D. tube SatnP. • ~ = T- 3" O.D. thin-walled Shelby tUbe. JEGTACTEAM 
G- Grab, cuttings sample 



PROJECT MEXICAN HAT SITE. UTAH 
Page3oj 3 

LOG OF TEST BORING NO. 936 
NJJ391 7 E10912 3 JOBNO NAT01 10120185 DATE LOCATION. . 

c 

:~ 
El1 

:ll RIG1YPE BEEMAN ROTARY 
UIOCII ~ ~ 

~~.3 BORING .. ROTABf_-_&R 51/8-IN ~-o - ·- 0 I 
o~c Ill IIlLO 

:] ~c SURFACE 1"TFV_ 4182.90 2 flllll 0 CCII ... 
L~ Cll .! QIQ, rnA. MSL ® GROUTIITl SJJRFACE 

tl -~- .c c 0 ~~~~~ - 1110 
~CII·- l01 t ;! :!! ··- ... -Ill·-
CCIII :liiii..D :~,~,i~ ·--~~~~ REMARKS VISUAL CLASSIFICATION OCIICII LO Ill L..D~ Co-lli 
UCLIX (!)...J en 1 ..... ~- .. c-o ::JCIX.J 0 

lOS :1: I 

I Note: Sandstone comprises 30 % of :1: I 
I cuttings. :1: I 

I Color change to chocolate brown, 
:1: I 

I fassle. 
:1: I 

BALGAli'O SHALE MEM., Continued. 
110 :1: 

115 

120 

115 

130 

135 

140 

.....___ 

I 

' :1: I 

I 

:1: I 

I 

:I: 1: :I: 
:I: 1: 
:I: I• 
: [: I• 
:I: 
:I: 
:I: 
:I: 
:I: 
:I: 
:1: : :: : : : : : : : : : : I 

:: : : : : 
:I: 
:I: 
:[: 
:I: 
:1: I 

I 

:I: I 

I 

:1: I 
I 

:I: I 

:1: I 

I 

GROUNDWATER SAMPLE1YPE 

S- 2·.o.D. 1.38.).D. tube samplf. 
DATE I RX- Rock Coring - NX or HX 

U- 3 O.D. 2.42 J.D. tube sample. 
T- 3 • O.D. thin-walled Shelby tube. 
G- Grab, cuttings sample 

Note: Becoming very moist at 115 
feet. 

Considerable Sandstone seams, 
calcareo~ to highly calcareo~, 
rassle. 

Note: Hydrogen sulfide odor at 142. 
Stopped drilling. 

Also odor of petrolewn, confinned 
\by oil smear on probe tool. 

TD AT 142 FEET. 
DECOMMISSIONED HOLE BY 
GROUTING TO SURFACE. 

-

• JEGTACTEAM 



• 

• 

• 

PROJECT MEXICAN HAT SITE. UTAH 

JOB NO. NAT01 DATE ~1~01~23::.!./.:=:.:'84~---
SURFACE El.EVAJJ11~.L<nwN~42::.::2~0·:..::00.::._ _______ _ 
10POFF~TERPACK~1~.00~=---------
WEIL CASING npz;; 4-IN PVC 
COMPLETION D~NAGEBOTIVM 

Pagel of 1 
LOG OF WELL BORING NO. 190 ----

I 

10TAL"DEP ..... THu......:,5:=:.0+-fe:;:et:;.,-__________ _ 
RIG 'IYPE CME-55 
BORING TYPE HSA. I ROTARY 
LOCATION N 10781.30 1 E 11109.90 
DATUM MSL @GROUND SURFACE 

Depth 
WeU Remarks Lithology uses Vuual Classification 
Con. 

u 3. ~ J.Jt. SM ALLUVIUM: . 

SP l~Sll..TY SAND, fine, sl. moist, .. .·.·.·.·.·.· 
j:~ : ~ Shallow well installed to 

:::::::::::: 
·!·!·!·:·:·: dish brown. 

~.0 ft. in drainage to ~Ali'O SHALE MEM.: 

5 
check for seep/ spring SANDSTONE, bard, reddish brown. 
flow. TD AT 3.0 
Grout and bentonite 
lseaJs installed to 1.0 
foot. 

10 
Falter pack sand placed 
from 1 to 3 feet. 
Slotted section placed at 
2 to 3 feet. 

15 

20 

25 

30 

35 

40 

45 

-

50 

GROUNDWATER 

JEGTACTEAM 



PROJECf MEXICAN HAT SITE. UTAH 

JOB NO. NA101 . DATE ~1~01~23::.:./..!:::'84!...---
SURFACEELEVA~n~n~N~4l~~=·~OO~----------------
TOP OF FILTER PACK..:l!-:;.00=-----------------
WEU CASING 7J'Pe 4-IN PVC 
COMPLETION DRAINAGE BOTTOM 

Pagel of 1 
LOG OF WELL BORING NO. 192 

I 

TOTALDEPutu~2~.5~~~d~---------------------
RIG TYPE CME-55 
BORINGnP~e~R~SA~-----=~~~------------
LOCATION N 11683.10 E 12321.90 
DA7UM. MSL ({JJ GROUND SURFACE 

Depth 
weu Remarks Lithology uses Vuual Classification 
Om. 

v 3. ~ ik SM ALLUVIUM: 

; ~ 
C"n 

SU..TY SAND, fine, tr. gravel, sl. 
•- reddish brown. i:SIUW r~a o.u 

in drainage to '11.&.1 .1:~0 ~A. I R 'UR.U • 

.check for seep/ spring ~A.l\Tr >1-UN.t;, bard, ~ ... -• brown 
5 

~~ and bentonite 

- ·- ·~._.,, . 
'rD AT 1.5Ff. 

!seals imtalled to 1.0 
;foot. 

10 1
Falter pack sand placed 
:from 1 to 1.5 feet. 
""'· -" section placed at 
1.5 to 1.5 feet. 

15 

10 

lS 

30 

35 

40 

4S 
-

!0 

~ GROUNDWATER 

JEGTACTEAM 

• 

• 



• 

• 

• 

PROJECT MEXICAN HAT SITE. UTAH 

JOB NO. NA T01 DATE __:1,:;01:..:2:.!31<.:::..'84.:...,_ __ _ 

SURFACE ELEVA~n:&..~O!DIN~41;.-::9.-=-!5·;.;;.00~-------
TOP OF FILTER PACK~0~.5e07=~-------
WEU CASING TYPE ~" 4-IN PVC 
COMPLETION D~NAGEBOnvM 

Pagel of 1 
LOG OF WELL BORING NO. 193 

TOTAL DEP.t.Jm~1;:.5~fi~ee:;:..,t :-------------
RIG TYPE CME-55 
BORING TYPc..E~R~SA~:-=-:--=:=---;;--:-=:~-==-------
LOCATION N 10935.20 E 12126.80 
DATI.J.M. MSL @GROUND SURFACE I 

Depth Well Remarks Uthology uses Vuual ClassificaJion 
Con. 

u "!1::r! ~ SM AlLUVIUM: . 
SILTY SAND, fine, tr. gravel, sl. 

SbaiJow well installed to poist, reddish brown. 
1.5 ft. in drainage to BALGAll'O SHALE MEM.: 

5 
cbeck for seep/ spring 

\ SANDSTONE, hard, reddish brown. 
now. TD AT 1.5 FT. 
Grout and bentonite 
~ installed to 0.5 
foot. 

10 Filter pack sand placed 
from .5 to 1.5 feet. 
Slotted section placed at 
o.s to 1.5 feet. 

15 

lO 

15 

30 

35 

40 

45 

-

50 

- GROUNDWATER 

JEGTACTEAM 



PROJECT MEXICAN HAT SITE.· UTAH 

JOB NO. NA1V1 DATE ---=-1=01-=23=/.=-'84=-----
SURFACE ELEVA11JJwOWIN~42::::;25~.:..::.00~-------
TOP OF FILTER PACK~1~.00~=~------
WEIL CASING 7YPE . 4-IN PVC 
COMPLETION DRAINAGE BOITOM 

Pagel of 1 
LOG OF WELL BORING NO. 194 . 

TOTAL DEPTH...:2;;:.0~(!~eet=::------------
RIG TYPE CME-55 
BORING TYP,;..e...:R~S~:A:.-·-=-~-=-~~~------
LOCATJON N 10152.60 E 11711.00 • DATUM MSL 1 (fJ) GROUND SURFACE • 

Depth 
Well 

RetMrks Lithology uses Vuual Classification 
Con. 

u 

TW ttt SM ALLUVIUM: 
SP SD..,TY SAND, fine, tr. gravel, sl. 

l~tuallnw well to mnid reddish brown. 
~.0 ft. in drainage to AAlr.A.rrO ~.n .li' MEM_! 

5 
Iebeck for seep/ spring SANJJ:!»TUN.t;, bard, • -:!=!-. brown. 
[now. TD AT 2.0IT. 
[Grout and bentonite 
~ installed to 0.5 
[foot. 

10 [Filter pack sand placed 
l~rom .5 to 2.0 feet. 
lc:o •. ·"" .a section placed at 
11.0 to 2.0 feet. 

15 

20 

lS 
' 

30 

35 

40 

4S 

. 

so 

.____ GROUNDWATER • JEG TACTEAM 



PROJECT MEXICAN HAT SITE. UTAH 
Pagel of 1 

LOG OF WELL BORING NO. 195 

JOB NO. N.A.T01 DATE ~1~01~2~3/,~'84~---
SURF.A.CE ELEV.A.DJ.J~oWIN~42~94-::·;,.;:,80.;:...._ _______ _ 
TOP OF FILTER P.A.CK.....::1':"".5~0~~--------
WEZL CASING 7YPE 4-IN PVC 
COMPLETION DR.A.INAGE BOITOM I 

TOTALDEPTR~~3~.0~fo~d~-----------
RIG 1YPE CME-55 
BORING 1YP~:...E~R~S7:A~~~,.....,...,~-=--------
LOC.A.TION N 10019.30 E 9538.70 
DATUM MSL lib GROUND SURFACE • Depth 

WeU Remarks Lithology uses Vuual Classification 
Con. 

1r 

~ ~ 
~· SM ALLUVIUM: 

=~~=~=~}: SP Sll..TY SAND, fme, tr. gravel, sl. 
:: ~ :: Shallow well installed to z:w:::r: ~ \moist, reddish brown. 

~.0 ft. in drainage to SAND,fine, lt. brn. 
check for seep/ spring 

5 
BALGAITO SHALE MEM.: 

flow. \ SANDSTONE, hard, reddish brown. 
Grout and bentonite TD AT 3.0 Fr. 
~ installed to 1.5 
foot. 

10 
Filter pack sand placed 
from 1.5 to 3.0 feet. 
~otted section placed at 

.0 to 3.0 feet. 

15 

lO 

• 2S 

30 

35 

40 

4S 

-

so 

• L....--

JEGTACTEAM 



PROJECT MONUMENT VAllEY SITE. ARIZ.,· UMTRA 
, TA U.TNGS AREA 

Pagel of 1 
LOG OF WELL BORING NO. 601 

JOB NO. MONOJ DATE •__..:,1~01..::24~!.::::::.;'84~---
4881 51 

TOTAL DEPTRu:z....:;2~4-~0~fe=.et:-------------
RIG 7YP.F CME-75 SURFACE ELEVATJON 

TOP OF FILTER PACK 9.00 BORING HSAUGER 
WEU CASING TYPE. . 2.0-JN.SCHED.40 PVC LOCA IN N 54980. 4Q _E_M()J_Z 70 
COMPLETION AlLUVIUM/SANDSTONE DA UM MSL.~ GROUND SURF ACE 

Depth ~ell Remarks Lithology uses Vuual ClassificaJion 
:m 

u 
Installed l-in PVC well SP EOLIAN: 

to 24 feet SAND, fane, tr. silt, lt. brown to 
reddish tan. 

s Protective steel casing 
placed to S feet. 

con 
ALLUY IUM: • fi 'th fi 

~ 
) In -• -i.,," cement grout SAND, medimn too ane, WI me ~ seal placed to 7 feet. gravel, dry, rounded, lt. brown. :- Note: Moist. Layer of reddish brown 10 Bentonite pellet seal eolian sand at 8 ft. :: ·.. " from 7 to 9 feet. ~Note: Very moist at 11 ft. 

=: SP 
I \ SAND, fine, with frag. lt. !: Filter pack placed from SP 
\bro~. 9 to 24 feet. 

15 ~ SHIN.A KIIMI' MF.M .'R I'M. 
- SANDSTONE, yellowish brown to ~ .010-in. slot well screen t:: 

~ installed from 12 to 22 white. 
~ feet. 
~ 

20 ~ 
~ 
~ Blank sump placed from ::: 
~ . 22 to 24 feet. . 

25 
TD AT 24 FEET. 

30 

35 

40 

45 

so 

..__ GROUNDWATER • DEPTH 'HOUR DAIE 
:sz 18.5 12.·00 2-15-85 
i: 13.8 15.·10 4-7-86 JEGTACn:AM = 



••• 

• 

• 

PROJECT MONUMENT VALLEY SITE. ARIZ .. · UMTRA 
TAU fNGS AREA 

JOB NO. MONOJ DATE ~1~01:..:.2.;:..:.4!..:::,;'84~--
SURFACE ELEVA.~.<V~.~.o...,N~484~6-::-· 64'---------
TOPOFF~TERPACK~l~O~.OO~-~-~------
WEU CASING TYPE 2.0-IN.SCHED.40 PVC 
COMPLETION ALLUVIUM 

Pagel of 2 
LOG OF WELL BORING NO. 603 ----

TOTAL DEPTH 55.0 feet 
RIG 7YPF CME-75 
BORING TYPE HS AUGER 
LOCATION N 57812.70 E 89036.90 
DATUM MSL.· GROUND SURFACE 

Well 
Depth 

Con. 
Remarks Lithology USCS Vuual Classijicarion 

u 

s+----1 

Installed 2-in PVC well 
toSS feet 

Protective steel casing 
placed to 3 feet. 

Bentonite/ cement grout 
1----1 >: ::.:, seal placed to 8 feet. 

10 ~:~~ ~ Bentonite pellet seal 

151----i 

20+----1 

251----i 

301----i 

351----i 

50+-----1 

installed from 8 to 10 
feet. 

Filter pack of caved 
eolian sand from 10 to 

SS feet. 

.010-in. slot well screen 
installed from 33 to 53 

feet. 

"--- GROUNDWATER 
'DEPTH "//OUR DATE 

¥ 13.9 12:00 2-15-85 
' 10.3 11:46 4-6-86 

SM EOLIAN: 
SU...TY SAND, fme, It. reddish 

SP \brown. 
SAND, medium to fine It reddish 

brown. 

. CL ALLUVIUM: 
SP CLAY, high plasticity, stiff, brown. 

EOLIAN: 
SAND, fine. 

Note: Wet at 10.5 feet. 
1----1 Note: Water table at U.S feet. 

Note: trace of fine gravel at 27 feet. 

JEGTACTEAM 



PROJECT MONUMENT VALLEY SITE. ARIZ.,· UMTRA 
TAU TNGS AREA 

JOB NO. MON01 DATE ..;...' ~1~01~24~/.~'84:......__ __ _ 

SURF ACE ELEVAJJTLt~.<OWIN~484~6·~64-=----------
1000 TOP OF FH.TER PACK 

WELL CASING TYPE 2. 0-IN. SCHED. 40 PVC 
COMPLETION . ALLUVIUM 

Page2of 2 
LOG OF WELL BORING NO. 603 

TOTAL DEPTH 55.0/eet 
RIG TYPE CME-75 
BORING 1'YEl"- HS AUGER 

N 57812. 70 E 89036~ LOCA 
DA 'TU MSi GROUNri SURF ACE 

Depth 
Well 

Remarks Lithology uses VISual Classification c,n 
~:; Blank sump placed from • :: 53 to ss feet. 

ss 
::; 

TD AT SS FEET. 

60 

65 

70 

75 

80 

,, 

85 

~ 

95 

100 

~ GROUNDWATER 
Ul!..t'JH HOUR nATI? 

'. sz 13.9 12:00 2-15-85 = X 10.3 11:46 4-6-86 JEGTACTEAM - • 



• 

• 

• 

PROJECT MONUMENT VALLEY SITE, ARTZ .• · UMTRA 
TAU 1NGS AREA 

Pagel of 1 
LOG OF WELL BORING NO. 604 ----

JOB NO. MON01 DATE ~1~01~25~f,~'84~--
SURFACEELEVA~n~nwN~48~3~7.~.3~0--------
TOPOFF~TERPACK~7.~.00~---~-----
WEIL CASING TYPE 2.0-IN.SCHED.40 PVC 

TOTAL DEPTH 30.0 feet 
RIG TYPE CME-75 
BORING TYPE HS AUGER 
LOCATION N 58397.00 E 89424.{j() 

COMPLETION ALLUVIUM DA1TJM MSL.· GROUND SURFACE 

De th Well 
'P Con. 

u 
Remarks 

Installed 2-in PVC well 
to 30 feet 

Lithology 

5 Protective steel casing 
1---~ ~ ~ placed to 3 feet. 
1----i '2 ~ Ben •• _, : 11 :: toruu:~ cement grout 

· = :: seal placed to S feet. 

: j ~ Bentonite pellet seal 
~ ~ ~; installed from S to 7 feet. 
: ·: :::::::::::: 
: ~ :: :;:;:;:;:;:: 

; ~ ~~ rr} 
: ~ : : Filter pack of caved ·:·:·:·:·:·: 

~ § ~ ~ eolian san~~7.m 7 to 30 l@~~~~~~: 
: ~ :; ·.·.·.·.·.·. 

2o 1----i ] [: .ot~m. ~·• wen Kn<R ::::1.:.::: 
: !== : : installed from 13 to 28 ...... 

10+---""'1 

lSt----t 

25+---""'1 

uses Vtsual Cla.ssificaJion 

-SP EOLIAN: 
SAND, fine, little silt, lt. dry, reddish 

brown. 

Note: water table encountered at 11.5 
feet. 

Note: change to lt. brown, no silt. 

11:1 r~. :::::liiJJI 

~ ~ l~ Blank~: 1:,1~::. from 1~1~1~1:1:!: SP ~=LAY, medium plasticity, 

~'30 t---t-·...._...,:_· t-----------i--=:.:.·=· .. :·:·.;.;:·:.._· --t-"--~so~ft!.,., w.;;et~, ~~r~eg,Y~· =-----------1 
TD AT 30 FEET. 

35~--t 

40~--t 

45~--t 

50+----t 

~....--- GROUNDW. TER 
I DEPTH 'HOUR DATE 

¥ 12.2 12:00 2-15-85 
! 8.1 10:44 4-6-86 JEG TAC TE.AM 



PROJECT MONUMENTVAUEY SITE. ARIZ.,· UMTRA 
TAU TNGS AREA 

JOB NO. MONOI DATE -.e.l.:.:OI.:25~/,.::..'84!--__ _ 
SURFACEELEVATI~~n~N~48~3~1-.4~2 ________________ __ 
TOPOFF~TERPACK~6~.00~--------~~------
~ CASING TYPE 2.0-IN:SCHED.40 PVC 
COMPLETION AlLUVIUM 

Pagel of 1 
LOG OF WELL BORING NO. 605 

TOTAL DEPTH 32.0 feet 
RIG TYPE CME-75 
BORING TYPE HS AUGER 
LOCATION N 58707.60 E 90066.70 
DATUM MSL,· GROUND SURFACE 

Depth ~;:. Remarks Lithology uses Vuual Classification 

v 

St----1 

101----1 

151----1 

201----1 

lSt---~ 

3ot----t 

Installed l-in PVC well 
to 31 feet 

~ Protective steel casing 
,. placed to 3 feet. 

111l""~ntoru·'t'teJ" cement grout 
seal placed to 4 feet. 

~ Bentonite pellet seal 
:: : ~ l;nchall...:l from 4 to 6 feet. 
: ~ 

:· 
~ ~ 
~ : . Filter pack of caved 

: . ~ eolian sand from 6 to 32 
::~ :- feet. 
··~ :-
~ :: 

·.~ :
=·~ :: 
: :~ :: .010-in. slot well screen 
~ :: installed from 14 to 29 
~ :· feet. 

:· 

:: :· 
~ :: 
~ :: 

: :~ ~: Blank swnp placed from · ·F :: 29 to 31 feet. 

SP EOLIAN: 
SAND, rme, dry, loose, non-plastic, 

It. reddish brown. 
1----i Note: mediwn to fine grained from 3 

feet. 

Note: Water table encountered at 13 
feet. 

. ~ Note: Color change to grey, some 

• 

t---..-+-...... ,jj,j,,p+----------+--............. -~--~\clay at 31 feet. 
~----~ ~T~D~A~T~3~2~FE==E~T~.--------------_, 

3St----; 

401----1 

451----1 

SOt---~ 

• - GROUNDW.4TER 
DEPTH HOUR DATE 

¥ 15.2 12.·00 2-15-85 
! 9. 7 12.·55 4-5-86 JEGTAC1EAM 



• 

• 

• 

PROJECT MONUMENT VALLEY SITE. ARIZ .. · UMTRA 
TAU fNGS AREA 

JOB NO. MONOJ DATE ~1~01~26~/.:::'84::....._ __ _ 

SURFACEELEVATI~n~w~48~60~.44~--------
TOP OF FH..TF.R PACK...:3~1~.00~--------
~ CASING rrpF: 2.0-/N.SCHED.40 PVC 
COMPLE170N ALLUVIUM 

Pagel of 1 
LOG OF WELL BORING NO. 606 ----

TOTAL DEPmu:::L._;;4~7.-::::0.pfe::;et:-------------
RJG TYPE CME-75 
BORING TYPE HS AUGER 
LOCA170N N 59034.20 E 88634.00 
DATUM MSL.· GROUND SURFACE 

Well 
Depth Con. 

Remarks Lithology uses Vuual Classification 

1J Installed l-in PVC well 
to 47 feet 

Protective steel casing 
)i ) placed to 3 feet. 

5 1----1 )i 2 Bentonite/ cement grout 
1-----1 g 9 seal placed to 4 feet. 

~--~ ~ ~ 
1-----1~~ 

10 ~ ~ Bentonite/ cuttings mix 

151----1 

~ 
? 

~---~ ~ :s 
20 ~ ? 

1-----1 ~ ~ 
~-----~~ ~ 

lS ~ ~ Cave-in fill from 27 to 29 
1----1 s ~ ft. 
1----1 x ~ 

30 1-----1 ~ ~ 
~ : :::: 

1-----l :: == 
::F 

35 ...... --1 n~ 
::: 
::::. :::::: 
:::::: 

40 ·::::: :· .... 

Bentonite pellet seal 
installed from 29 to 31 

feet. 

Filter pack or caved 
eolian sand from 31 to 

47 feet. 
• 010-in. slot well screen 
installed from 32 to 42 

feet. 

1-----1 H § :: 
· : · Blank sump placed from 

42 to 47 feet. 

45 ...... --1 

\\\\lllllll\ 
:::::::::::: 
:::::::::::: 
~~~~~~~~~~~~ 

~!II!!!~ 
... > 

. . . 

.. . .. 
. . : :-: 

: :-: 
... . . ·. 

... ... . . ·. 
:::: 
. -:· 

... = ::: 

... = :-: ... . . ... . . . . ' ... . . . . 

t;jij 

EOLIAN: 
Sn..TY SAND, fine, slightly moist to 

\dry, lt. reddish brown. 
SAND, fine, mediwn dense, lt. 

reddish brown. 

SM Sn..TY SAND, med. dense, lt. 
1-----1 reddish brown • 

Note: Moist at 30 feet. 
1-----1 

Note: Water table encountered at 36 
1-----1 feet. 

SP SHINARUMP MEM., CHINLE FM.: 
SANDSTONE, soft, weathered. 

1-----1 TD AT 47 FEET. 

501----1 

~~--~'----------~------~--~------------~---~ 
"-- GROUND"IATF.R 

IJ:iEPTH HOUR DATE 
2 35.2 12:00 I 3-7-85 
iL......:3:.:5.:.:. o:....-.J~..=.1~5:~15:::...~14:...:-5:::...-8:::.:6::.......J JEGTACTEAM 



PROJECT MONUMENT VALLEY SJTE, ARIZ.,· UMTRA 
TAUINQSAREA 

JOB NO. MONOJ DATE ___,.,1=01=26=1<=-'84=------
SURF ACE ELEVA11....,...,.o...,N'---:"48::-6-::-9::-.4_1 ________ _ 

TOP OF FILTER PACK....:l~l.:.:.OO~-----------------
WEU CASING 'ZYPE 2. 0-IN. SCHED. 40 PVC 
COMPLE170N AllUVIUM 

Pagel of 1 
LOG OF WELL BORING NO. 607 

TOTAL DEPTH ........... -=_:3~0.-:-::0:!-'fo=.et:-------------
RJG 7YPE CME-75 
BORING TYPE HS AUGER 
LOCA170N N 59657.20 E 87519.20 • 
DATU# MSL,· GROUND SURF ACE 

Depth .~:!~ Remarks Lithology uses Vuual ClassijicaJion 

u 

5+-----1 ~ 

1---..... ~ 
1---..... ~ 

10+-----1 ~ 
1---..... ): 

151----i 

l0+-----1 

251----i 

Imtalled l-in PVC well 
to 27.5 feet 

Protective steel casing 
;:a placed to 3 feet. > lu. ·it .. , cement grout 
~ seal placed to 4 feet. 
> 
~ Bentonite/ cuttings mix 
> fill from 4 to 8. 
> : 
: 

' ~ 

~ 

Bentonite pellet seal 
installed from 8 to 11 

feet. 

= Filter pack of crusher = chips from 11 to 27.5 
= feet. = = = .010-in. slot well screen 
§ installed from 15.5 to = 25.5 feet. 
= = I= 
= I= Blank sump placed from 

25.5 to 27.5 feet. 

t----IM 
30 Cave-in fill from 27.5 to 

30 feet. 

351----1 

401----1 

451----i 

so+-----1 

'----- GROUNDW.tTER 
ipEJ'TH HOUR DATE 

:2 DRY 2-15-85 
j DRY 4-6-86 

SM. EOLIAN: 
SILTY SAND, rme, moist, lt. reddish 

brown. 

SP ~.&. IMrMEM. _ RFM.: 
SANDSTONE, lt. brown to yellow. 

Note: Color change to lt. yellow to 
grey. 

Note; Color change to yellow brown. 

t----t TD AT 30 FEET. 

JEGTACTEAM 
• 



• 

• 

• 

PROJECT MONUMENT VALLEY SITE. ARIZ.,· UMTRA 
TAU INGS AREA 

JOB NO. MONOJ DATE 03/15185 
SURFACE ELEVAJ.TLu.DwN~4,;_90:...:1 ___ . 08~--------

" 

TOP OF FILTER PACK....:88=.00~--------
WELL CASING TYPE 2. 0-IN. SCHED. 40 PVC 
COMPLETION ALLUVIUM 

Pagel of 3 
LOG OF WELL BORING NO. 608 ----

TOTAL DEpTH-.::1::..::2~0.-:0~/e~et:.._ _________ _ 
RIG TYPE: CME-75 
BORING TYPE HS AUGER 
LOCATION N 58685.70 E 87189.40 
DATUM. MSL · GROUND SURF ACE I 

Depth Well Remarks Lithology uses Vuual Classification 
Con. 

u Installed l-in PVC well ~~~~~~~~~~~~ SP SHINARUMP MEM.; CHINLE I'M.: 
to110feet :::::::::::: SANDSTONE, med. to coarse, 

yellowish grey. 

ttt 
5 

Protective steel casing ftf placed to 3 feet. 
:;:;:~:;:;:~ 

Bentonite/ cement grout ~=~=~=~=~=~: 
ttz. 10 seal placed to 86 feet. .roT 1\l SHALE, with fine sand, thnly 
·.•.·.·.·.·. -: ... laminated. 

lil:':l:::l 

---.....-
SANDSTONE, medium to coarse, 

mod. well cemented,nonc:alcareous, 
occasional clayey matrix, mostly 

15 SEE LOG 608C FOR 

lllliililli 

cross bedded, yellowish grey 

RESULTS OF CORING. (5YR,5/4). 

10 

j"i.·.i!iJ~! 
15 :::::::::::: .·.·.·.·.·.· 

~ ,..,.. 
CONGLOMERATE, coarse sand to .... : "" .... med. gravel, subrrounded, some clay .... : 

:..#'.. matrix, sufficient porosity to lose 
30 .... circulation, medium yellowish brown .... : .... (lOYR,S/4) • ,.. .. 

h MOENKOPI FORMATION: 'Tfr -:-;; 
I I ~ SHALE, with coarse sand, to silty, 
I I 
I I poorly indurated, very thinnly 

35 
I I 
I I \iaminated, greyish orange (10YR,7/4). 
I I 

I I Sn. TSTONE, with very fine sand, 
I I 
I I occasional thin c:alcite stringers as 
I I 

I I fracture fillings, noncalc:areous, thinly 
I I 

I I laminated, very bard, yellowish grey 
40 I I I 

I I I (5Y,711). 
I I I Note: with inter bedded greyish I I I 

I I I orange from 34 feet. Some pyrite in I I I 

-~~ ~ ...... ~:matrix . I I 

Note: color change to reddish brown 
45 

I I 

I (10R,4/6) from 39 feet. I 

I 

Sn.TSTONE, dark reddish brown. I 

I 

I 

I 
I 

I 

50 I 

I 

I 

I ._ 
...___ GROUNDWATER 

lDEPTH 'HOUR DATE 
sz 58.4 16:31 4-23-85 .... 
:'![ 57.6 15:00 4-7-86 .... JEGTAC'IEAM 

" 



PROJECT MONUMENT VALLEY S11E. ARIZ .. · UMTRA 
TAU TNGS AREA 

JOB NO. MONOJ DATE__::0::,:'31~15~f,.:::::'85~--
SURF ACE ELEVALJ'Ilu..nwN'-:::490~l7=.08~-------
TOP OF FILTER PACK...:88=:..:.00~~=~~_,....,.---
WEU CASING TYPF. . · 2.0-JN.SCHED.40 PVC 
COMPLE710N ALLUVIUM 

Page2of 3 
LOG OF WEI;L BORING NO. 608 

TOTAL DEP111120.0 feet 
RIG TYPE CME-75 
BORING TYPE HS AUGER 
LOCA710N N 58685.70 E 87189.40 • 
DATUM. MSL· GROUND SURFACE I 

Depth 
Well Remarks Lithology uses Vtsual Ckusification 
Con. 

r-
I ,I I 
I I I MOENKOPI I'M., Continued. 
I I I 

I I I Note: Becomes sort, more moist, from 
55 ML \54 feet. 

SM SIL'l:)-fONt; AND SA.ND~IONt;, 

~ 
interbedded, yellowish grey. 

60 

65 

Note: Increase in sand, sandstone is 
lt. grey. 

70 

: Note: less siltstone interbeds from 71 
rt. 

~· 75 ~i SANIJ:) fONE, coarse to fane, dark 
.,.,~:.: reddish brown • 
~o..L-+ .... ~:.: 
~~-~ 
~:::;:+ Note: Color change to very lt. grey, 

80 
~~~i massive, from 78 ft. 
.,:::-:.: Note: Alternating color bands from 
~~± 
~~~ very lt. grey to pale red from 80 rt. 
.... "". 
~~i 
~~:.: 
~~-~ 

85 St;:! 
~~-; 

~ ~ Bentonite pellet seal 
.,..,.. .... 
~~..,..~ 

installed from 86 to 88 .,~·.:. 

=--~+ :: feet. ., a.; .... 

:; ~+ 
90 

~ ~ Filter pack sand from 88 ..... -,.. 
to uo feet. 

"'TT 

SP ... I,Y SA:.~IUIV. Uli'U 
etn'LER FORMATION: 

:: :: :: SANDSTONE, coarse to med., 

95 
:: dune deposit, O"OSS bedded, lt. brown 

to meet. reddish brown (10R,4/6). 
Note: Lost c:irculation at 91ft. due to 

:: porosity or this formation. 
~ :; .010-in. slot well screen 
~ :: installed from 98 to 118 

100 
1-

:;~ 
:;~ :: feet. 

:l:lll'll i :: ~ :: 
~ :: 
~ :: 1-

~.....-- GROUNDWATER • DEPTH HOUR DATE 
2 58.4 16.·31 4-23-85 .... 

. , 57.6 15.·00 4-7-86 JEGTAC'IEAM 



• 

• 

• 

PROJECT MONUMENT VALLEY SITE. ARIZ .. · UMTRA 
TAU TNGS AREA 

Page3 of 3 
LOG OF WELL BORING NO. 608 ----

JOB NO. MON01 DATE --=0='31=15=/.='85"----
SURFACEELEVA~n~owN~4_90_1~.08~----------------
TOP OF FH.TER PACK-"88~.007.-:'"==~::-=::-:-:::-----

. WELL CASING 1YPE 2. 0-IN. SCHED. 40 PVC 

TOTAL DEPTH-=:1::-207..:--0~fe.;;-;-et __________ _ 
RIG TYPE: CME-75 
BORING TYPE HS AUGER 
LOCATION N 58685.70 E 87189.40 

COMPLETION AlLUVIUM DATUM MSL· GROUND SURFACE I 

Depth 
Well 

Remarks Lithology uses Vuual Classification 
Con. 

lOS ~ rrt ~ ~ 

lllll[lllll 
110 

:::: 
::::. .·.·.·.·.·.· 
::::: 1!11::~::~1 Note: color change to variable lt. 

115 ::::: 
::::: brown and greyish orange. = 
::::: ~~~~~~~~~~~~ ::::: - Blank swnp placed from 

118 to 120 feet. ·.·.·.·.·.·. 
120 

:·:·:-:·:·:· 
Core hole reamed with TD AT 120 FEET. 
rotary/Revert mud to 

120ft • 
.. 

125 

130 

135 

140 

145 

150 

155 
.__ GRO rrNnWATER 

DEPTH HOUR DATE 
2 58.4 16.·31 4-23-85 ... 
~ 57.6 15.·00 4-7-86 JEGTAC'IEAM -



PROJECT MONUMENT VAllEY SITE. ARIZ .. • UMTRA. 
TAU TNGS AREA 

Pagel of 1 
LOG OF WELL BORING NO. 609 

TOTAL DEPTH 15.0/eet 
RIG TYPE CME-75 
BORING TYPE HS AUGER 
LOCATION N 59052.10 E 87652.90 A 
DATUM. MSL,· GROUND SURFACE -

JOB NO. MONOJ DATE --=0~1 /1.=;03:..:./,=85;._ __ _ 
SURFACE ELEVAV.~.~~.~.oQ...,N~48--:7.:-::-'8-.3_0 ________ _ 
TOP OF FILTER PACK-:6~.00=--~= .............. -~----
~ CASING TYPE 2. (HN.'SCHED. 40 PVC 
COMPLETION ALLUVIUM/SHINARUMP MEM 

Remarks Lithology USCS Vtsual Classification 
u 

Installed 2-in PVC well 
to 14 feet 

5~~~ ~ 
Protective steel casing 

placed to 3 feet. 

~ : • ,,.. .• , •1 cement grout 
~ :: seal placed to 4 feet. 
~ Bentonite pellet seal 
~ linctrallll>ll from 4 to 6 feet. 
~ 

101---ooot 

:-
t----1 ~,:,.J~; Filter pack sand from 6 

15 
)/"X)6. Jo 14 feet. 

201---ooot 

301---ooot 

351----1 

401---ooot 

451----1 

501---ooot 

.010-in. slot well screen 
installed from 7 to 12 

feet. 
Blank sump placed from 

U to 14 feet. 
Cave-in fill from 14 to 15 

ft. 

~ GRO r.JJJDWATER 
DEPTII HOUR DATE 

SZ DRY 2-15-85 
. J DRY 4-6-86 

------.~~-

SP EOLIAN: 
SAND, fine, slightly moist, med. 

dense, lt. reddish brown. 

SW ~AiliiMI" MEM. CHINLE FM.: 
SANDSTONE, coarse to fine, dry, 

yellowish olive green. 

TD AT 15 FEET. 

JEGTACTEAM 
• 



•• 

• 

• 

PROJECT MONUMENT VALLEY SITE. ARIZ.,· UMTRA 
TAU INGS AREA 

JOB NO. MONOJ DATE _..:,1.::.:211.='03=/.-=-'84~---

Pagel of 3 
LOG OF WELL BORING NO. 610 ----

TOTAL DEPTH 130.5 feet 
RIG TYPE CME-75 
BORING TYPE HS AUGER 
LOCAUON N 56338.80 E 88611.60 

SURFACE ELEVA .... n .... a ..... N~48::-60-::-:.::-8_3 _______ _ 
TOP OF FILTER PACK.....:6;::3~.00~~=,.......-~~----
WELL CASING TYPE 2.0-IN.SCHED.40 PVC 
COMPLE'nON , SHINARUMP MEM. 

D th Well 
ep Con. 

u 
Remarks 

Installed l-in PVC well 
to 85.5 feet 

5 :S Protective steel casing 

101---...-1 

151---...-1 

20 ...... --1 

30+--~ 

351----4 

401---...-1 

451---...-1 

SOI---...-1 

'-

placed to 5 feet. 

Bentonite/ cement grout 
seal placed to 58 feet. 

SEE LOG 610C FOR 
RESULTS OF CORING • 

- GROUNDWATER 
DEPTH 'HOUR DATE 

¥ 5.4 08:30 4-23-85 
' 5.4 11:59 4-6-86 

DATUM MSL,· GROUND SURFACE 

Lithology 

lll.lli!l.l 

ll!'!i!!!! 

uses 
SP 

J---....,j 

Visual Classification 

EOLIAN: 
SAND, fine, dry, med. dense, lt. 

reddish brown (SYR,5/3,5/4). 

Note: Very Moist at 6 feet. 

Note: Water table encoountered at 8 
feet. 

SP SHINARUMP MEM., CHINLE FM.: 
.. SANDSTONE, med. grain. mod. 

t----i hard, mod. weathered. thick bedding, 
brownish red. 

t----i Note: Med. grey ltn at 39 .5 to 40 
feet. 

JEGTACTE4M 



. Page2oj 3 
PROJECT MONUMENT VAU.EY SITE, ARJZ..· UMTRA LOG OF WELL BORING NO. 610 

TAU INGS AREA ----
JOB NO. MONOI DATE --=1-=211:..:;'0:..:'3/...=.'84;::_____ TOTAL DEPnl 130.5 feet 
SURFACE ELEVATI ... u.a ... &.__48_61J_. 8_3_________ RIG 1YPF CME-75 
TOP OF FILTER PACK.....;6;:3;.:.:.00~............,.=,..-.,....-,-,------- BORING TYl!E HS AUGER 
WEU CASING TYPE 2.0-IN.SCHED.40 PVC LOCAT/OlL N 56338.80 E 88611.60 • 

~C~O~M~PLE~Tl~O~N~:-:-:-:__;:::S=H=IN.=:AR=U=M=P=M=E=M=. ====:::::;:===-~D~A~TUM.~~==M:;=SL=,·=G=R=O=U=ND=S=U='RF:=:A=C='E=====:::::; 
Depth 

55 ...... -~ 

Remarks 

Bentonite pellet seal 
installed rrom 58 to 63 

reet. 

Filter pack sand rrom 63 
to ss.5 reet. 

.010-in. slot well screen 
installed rrom 63 to 83 

reet. 

swnp placed from 
83 to 85 reet. 

Cave-in fill from 85 to 
130.5 rt when reamed. 

Hole cored to 130.5 feet, 
then reamed ror well 

imtallation to 87 reet.( 
No record or seal for 
sandstone unit at 115 

reet so that water levels 
I quality could show 
Moenkopi influence) 

Lithology uses Vrsual Classification 

Note: Color change to dk. brown 
(lOYR,S/4). 

SHINARUMP MEM., Continued. 

Note: Occasional clast or siltstone. 

grey. 

MOENKOPI FORMATION: 
SHALE, reddish brown. 

JEG TAC TEAM 

to 



• 

• 

• 

PROJECT MONUMENT VAUEY SITE. ARIZ..· UMTRA. 
TAU INGS AREA 

JOB NO. MON01 DATE ----=.1..::211~'03::::.!/..!:!:'84!...----
SURFACE El.EVAn~~.~..aw&~....--48..:..60:..__;· 8;..,;;.3 ________ _ 

TOPOFF~TERPACK~6~3~.00~~==~~~----
~ CASING TYPE 2.0-IN.SCHED.40 PVC 
COMPLETION SHINARUMP MEM 

Page3 of 3 
LOG OF WELL BORING NO. 610 ----

TOTAL DEPTH 130.5 feet 
RIG TYPE CME-75 
BORING TYPE HS AUGER 
LOCATION N 56338.80 E 88611.60 
DATU# MSL.· GROUND SURFACE 

Well 
Depth 

Con. 
Remarks Lithology uses Vuual Classification 

1351----i 

1401----i 

145+----i 

150+----i 

155+----f 

- GROUNDW.ITER 
DEPTH HOUR DATE 

¥ 5.4 08:30 4-23-85 
! 5.4 11:59 4-6-86 

SP SANDSTONE, very fine, well 
1----1 cemented, reddish brown. 

1----1 Note: Becomes moderately cemented 
at 120.5 feet. 
Note: thin shale bed, reddish brown at 
122 feet. 

JEGTACTEAM 



PROJECT MONUMENT VAU.EY SITE. ARIZ..· UMTRA 
TAU lNG$ AREA 

JOB NO. MON01 DATE --:::O=IJ/!;..::.'05=1<='85"-----
SURFACE ELEVAn.u.&.~n~N-484 __ 6._35 ________ _ 

TOPOFF~T.ERPACK~~----~==-~~---
WEU CASING TYPR 2 0-IN SCHED 40 PVC 
COMPLE710N DeCHEUY MEM. 

Pagel of 4 
LOG OF WELL BORING NO. 611 ----

TOTAL DEPTH 185.0 feet 
RIG TYPE CME-75 
BORING TYPE CORE! ROTARY 
LOCA71nN N 57811 00 E 89017.50 • DATUM. MSLi GROUND SURFACE ~ 

Depth 
Well 

Remarks Lithology uses Vuual Classification 
Con. 

u 
Installed l-in PVC well SP EOLIAN: 

to 185 feet 

s Protective steel casing 
placed to 63 feet. 

10 
~ SEE LOG 611C FOR 

RESULTS OF CORING 

lS 

20 

lS 

30 

35 

40 

4S 

so 

.....__ GROUNDWA T.ER • DEPTH HOUR DALE 
:sz 10.7 12:45 6-7-89 .... 
~ 

JEGTAC'IEAM = 



PROJECT MONUMENT VALLEY SITE. ARIZ .. · UMTRA 
TAU TNGS AREA 

JOB NO. MONO I DATE -.:::0;:.:'3A~'05:::..:.f,.=85::..,_ __ _ 
SURFACEELEVA~n~n~N~~~6~.'3_5 ________________ __ 

TOP OF FILTER PACK-=-'::"":'::-:-=-==-~=:-:-:=-----
~ CASING TYPE 2.0-IN.SCHED.40 PVC 
COMPLETION DeCHELLY MEM. 

Page2of 4 
LOG OF WELL BORING NO. 611 

TOTAL DEP11l 185.0 feet 
RIG TYPE CME-75 
BORING TYPE CORE/ ROTARY 
LOCATION N 57811.00 E 89017.50 
DATUM MSL,· GROUND SURFACE 

De th Well 
p Con. Remarks Lithology uses Vuual Classification 

• 

• 

SSt---'"" 

60+---""" 

6St---""" 

70+---""" 

7S+---""'i 

801---""" 

851---""" 

90+--""" 

lOOt----; 

-

Est.)Bentonite/ cement 
grout seal placed to 156 

feet. 

- GROUNDWATER 
DEPTH HOUR DATE 

¥ 10.7 12:45 6-7-89 
:I: 
-~----~--~----~ 

--------------------

SP SHINARUMP MEM., CHINLE FM. 
SANDSTONE, fine to med, with 

conglomeritic layers, soft, with 
hematite and limonite stain, lt. grey to 
yellow to orange. 

Note: Less altered in fractures, less 
weathered, becomes mod. soft. 

Note: Unifonn grain size fine to 
mediwn, no conglomeritic layers. 

Sericite mica on fracture planes. 
Becomes mod. hard from 8S feet. 

Note: Occasional carbonaceous 
1----l material, from 90 feet. 

SP SANDSTONE, coarse to rme, with 
SC V _pyrite. some coal. soft. 2!'eenish Sll'eV • 

JEGTACTEAM 



PROJECT MONUMENT VALLEY SITE. ARIZ.,· UMTRA 
TAU,INGS AREA 

JOB NO. MON01 DATE __:0:::..:'311..::05~/,=85~---
SURFACE ELEVAJ.JTT~nwN~-..,;..484,;;,._:;6.;.;;.3...;;.5 ________ _ 
TOP OF FH.TER PACK 
WELL CASING TYPE · 2.~1N.SCHED.40 PVC 
COMPLETION DeCHEUY MEM. 

Page3 of 4 
LOG OF WELL BORING NO. 611 

TOTAL DEP71l 185.0 feet 
RIG TYPE CME-75 
BORING TYJ!.F CORE/ ROTARY 
LOCATTO!:L N 57811.00 E 89017.50 
DA1TJM_ MSL: GROUND SURF ACE 

Depth Well Remarks Lithology uses Vuual Classification Con. 

lOS 

I 
SANu~tUN.t.., shaley by 

SP lt:~y.log). ote: core not recovered from this 

S~U~IUN.t.., with IIU .. 

110 1U"L zones, pyrite common, slightly I I I 
I I I 

calcareom, lt. green to grey. I I I 
I I I Note: Basal portion of Shinarump I I I 
I I I ... ·" at 108ft. as evidenced by I I I 
I I I ........... chert -• ~•. ded 
I I I ,.-~~•.[ _ II,;U~IUIII~I U~~~ roun o 

115 ;.a, 
Cl II ·- :"IFM.: 

~ 
SU... TSTONE, greenish grey, very 

~~~; slightly calcareom, soft, 
15• ~.iSh grey to 112, variable yellow 

~ Wt'eY to dirk- reddish brown. 
120 CLAYSTONE, silty, with ... ~ uci!.; 

~ or siltstone, cross laminated, 
calcareom, mod. soft to mod. hard, 

~ dark reddish brown. 
Note: artesian flow encountered as 

125 ML \da:r•nuu~ onn:tord pcm:~t'8ted. ;j; Cl SILTSTONE, cl~~~!~ with minor 
nonclayey lenses, .......... ,.. brown. 

~D SANDS' I UN~, very _fi~e, lt. grey, 
130 with interbeds or reddish brown 

I jo I ML \:~~stone; calcareous, mod. soft to 
•I• I hard. 
•I• I SIL't~IUN.t.., clayey, hard, ... •I• I •I• I red-brown to lt. grey. •I• I 

135 SP SANDSTONE, fine to med. -~~~[' 
calcareous, pinkish brown to 5 • ~...., .. 
grey. Occasional variable seams or 
reddish brown to bleached. 

140 

Note: Mottled at 143, bard. 

145 Note: Becoming coarser from 145 ft., 
:·: calcareous. 

::: 

150 :: :· 

155 
'-

L..;._ GROUNDWATER 
DEPTH HOUR DATE I 

sz 10.7 12.·45 ~7-89 ... 
:![ I JEG TAC TEAM ,.. • 



• 
-------------------------------------------------------------------------------------

Page4of 4 
PROJECT MONUMENT VALLEY SITE. ARIZ..· UMTRA LOG OF WELL BORING NO. 611 

TAU TNGS AREA ----
JOB NO. MONOJ DATE --:0.:::..:'311..::'05:::..:./.='85~--- . TOTAL DEPTH 185.0 feet 
SURFACE ELEVA.TfON 4846.35 RIG TYPF CME-75 
TOP OF FILTER PACK BORING TYPE CORE/ ROTARY 
WElL CASING TYPE 2.0-IN.SCHED.40 PVC LOCATION N 57811.00 ·E 89017.50 
COMPLETION DeCHEILY MEM. DATUM MSL,· GROUND SURFACE 

Depth 
Well 
Con. 

·• 

~ I ~ 
~ 160 

:;::: 
!! :~ :;::: :;::: :: :;::: :: =~ 

:~ ~ ~ :~ ·. 
:~ :: 
:~ :: 
:~ :: :;::: :: :;::: :;::: : ~ :;::: ::: :: 
== ~ ~ == :i= :: :;::: ·. ::: 
== 

165 

170 

175 

Remarks 

Est.)Bentonite pellet 
seal installed from 156 

to 160 feet. 

Est.)Fllter pack sand 
from 160 to 185 feet. 

Est.).010-in. slot well 
screen installed from 

163 to 183 feet. 

Lithology uses Vuual Classification 

.SP DeCBELLY MEM.,ctm..ER I'M: 
SANDSTONE, fine, cross bedded, 

mod. soft, reddish brown. 

~ ~ :i= :;::: :: :;::: :: :;::: ·. • 180 
·. :::: j ~ Est.)Biank swnp placed ::= 

from 183 to 185 feet. 

185~--~~~~--------------~--~~~~~--~TD==~A=T~1~85~FE==E=T~.------------~ 

190;-----1 

195+---....j 

205+----....j 

• "----- GRO r.JNDW.tTER 
DEPTH HOUR DATE 

¥ 10.7 12:45 6-7-89 
:!( 
-~--~-._ ___ ~ JEG TA.C TEAM 



PRPJECT MONUMENT VAlLEY SITE. ARIZ .. · UMTRA 
TAUINGSAREA 

· JOB,NO. MONOJ DATE ---"0=21"""'2:.:.1/,='85:..-__ _ 
SURFACEELEVA~TI~O~N~5~~~.09~----------
TOPOFF~1ERPACK_4~3~.00~~·~=-~=-----
WELL CASING TYPR . 2 D-IN. SCHED 40 PVC 

· COMPLETION ~ .' DeCHEUY MEM. 

Pagel of 5 
LOG OF WELL BORING NO. 612 ----TOTAL DEPTH....:;2;;:157..~0-=:fe;::;et:.,__ _________ _ 

RIG TYPE CME-75 
BORING TYPE CORE/ ROTARY 
LOCATION N 58437 20 E 85614 80 • DAroM. MSL; GROUND SURF ACE ~ 

Depth ~ell Remarks Lithology uses Visual Classification em 
u 

Installed 2-in PVC well SP SHINARUMP MEM., CHINLE FM..: 
to 21S feet SANDSTONE, little clay fraction, 

medium to coarse, friable, thinnly 
bedded, mod. spaced fractures, lt. 

s yellowish brown, to yellowish 
Protective steel casing grey(10YR-6/2;SY -7/2). 

placed to S feet. Note: Occasional lenses to S-in. of dk. 
grey shale, 

10 ..... .. cement grout 
seal placed to 41 feet. Note: pinkish, with limonite staim on 

fractures, well cemented, calcareous, 
cross bedded; from 11 feet. 

lS ,.n CONGLOJ\.WRATE: coarse sand to .... 

~ 
~ l-in. pebbles. subangular to 
~ subrounded, cemented, slightly 
~ allcareous, massive bedded, light 

.c20 (SEE LOG 612C FOR SP 
grey (N7) • 

ROCK CORE RESULTS) . \fi~: Possible fault/shear plane at 
Cored to 208 ft., then 

ft. 
SANDSTONE, very fine, very well reamed hole to 21S for 

2S well inst. cemented, slightly calcareous, 2-6-in. 
beds; ripple laminations, alternating 

I I MT 
,layers ofyellowish grey to lt. grey. 

. I 
I I MOENKOPI FORMATION: .. I I 

SANDY SU..TSTONE, with thin I I 

30 
: clayey lenses, clay binder, 
: bioturbated layers, pale red to greyish 
: red (10R-6/2; 10R-4/2). 
: 
: 

3S 1: 
1: 

~'D SA.,.,"" fUN~,. very fine,_ well 

'&lr 
~cemented, very _.,_. ~"""'' thin 

•I• I stratum cross bedded, slump 
•I• I 

........... 
40 Bentonite pellet seal •I• I "" ... U\;,un:s, light grey (N7). 

•I• I 

? installed from 40.7 to 43 •I• I SANDYSJ:LT:!~TUN.t;, little clay, 

: •I• I 

•I• I cross bedded, thin contorted ..). feet. J. 
1 \ bedding, bioturbation, pale red to MI. 

4S 
:: No. 20 filter pack sand SM greyish red. 

;; :: placed from 43 to 21S \Noie:_.~edium to fine grained, :: 1"'- · • _. from 41 ft. :: feet. 
:. SIL'r~-rUNE TO SILTY :: laminated to very thin 
:: •I• I Ml ·-=-:•...... rippled and cross bedded, so :: •I• I ... u ..... , : ... - minor sandstone lenses, :: •I• I 

I il I 5•-o~:ya3ia red. .; 

- GROUNDWAT.ER • DEPTH HOUR DATE 
2 12:00 2-19-85 
i 60.9 14:37 4-7-86 .... JEGTACTEAM 



• 

• 

• 

PROJECT MONUMENT VALLEY SITE, ARIZ.,· UMTRA. 
TAU.fNGS AREA 

JOB NO. MON01 DATE -.:0.:.:21,.:;21~/,=85~--
SURFACEELEVATI~~o~N~5~~~.09~------------------------
TOPOFF~TERPACK~4~3~.00~~~~~~------
WEU.. CASING TYPE: 2.0-IN.SCHED.40 PVC 
COMPLETION DeCHELLY MEM. 

Page2of 5 
LOG OF WELL BORING NO. 612 ----

TOTAL DEP111 215.0 feet 
RIG TYPE CME-75 
BORING 1YPE: CORE/ ROTARY 
LOCATION N 58437.20 E 85614.80 
DATUM MSL,· GROUND SURFACE 

Depth Well 
Con. Remarks Lithology uses Vuual Classification 

551----t 

601----t 

651----t 

701----t 

7S+----t 

80+----t 

851----t 

951----t 

100+----t 

- GROUNDWATER 
PJ:.rJ.IJ HOUR DATE 

2 12:00 2-19-85 
i 60.9 14:37 4-7-86 

I I I 

+r+r
~. -~ .. ·. 
::0 :. :: ~: 
·: : :-: 
.. 0 •• 

~~: :~ :~ ~~ 
: 0 0 .. ·. 
: : . :· 
·: : :-: 
-: : :-: 
-: : :-: 
·: : :-: 
.. ·.· 

SANDY SD.. TSTONE, SO % silt, SO% 
... .n ~ sand, cross bedded, very fine to fine 
c::ou 1\\sand, calcareous, greyish red. 

,._---1 \ SD.. TSTONE, greyish red. 
SD.. TY SANDSTONE, mediwn to 

fine, abundant black mineral grains, 
very limonite stained, well cemented, 
calcareous, intensly cross bedded, 
with clay clasts, greyish red. 

Note: becomes massive bedded at 63 
1----1 rt, with bleached spots. 

:St' 

SANDSTONE, fine to coarse, 
arkosic with SO % feldspar, very well 
cemented, very calcareous to 
noncalcareous, mostly massive with 
ripple and cross bedding, greyish 
orange-pink (SYR, 7/2). 

DeCBELLY SANDSTONE 
MEM.icurLER FOilMATION: 
SANDSTONE, mediwn to fine, well 
cemented, slightly calcareous and 
ferric cement, cross bedded, isotropic 
porosity, pale red (10R,6/2). 

JEGTACTEAM 



PROJECT MONUMENT VAU.EY SITE, ARIZ..· UMTRA 
TAU TNGS AREA 

JOB NO. MON01 DATE --:;0=21..::.21=/,='85....._ __ _ 

SURFACEELEVAn~~a~rv~5~~·~09~-----------
TIOPOFF~TERPACK_4~3~.oo~~~~~~-------
WELL CASING 7YPE 2. ~IN. SCHED. 40 PVC 
COMPLETION DeCHEUY MEM. 

Page3 of 5 
LOG OF WELL BORING NO. 612 

TOTAL DEPTH 215.0 feet 
RIG TYPE CME-75 
BORING TYPE CORE/ ROTARY 
LOCATION N 58437.20 E 85614.80 • 
DATUAL MSL.· GROUND SURFACE 

Remarks Lithology uses Vuual Classijicazion 

60.9 

DeCBELLY SANDSI'ONE 
1----1 MEM.;CUfLER FM., Continued • 

JEGTAC'IEAM • 



•• 

• 

• 

Page4oj 5 
PROJECT MONUMENT VALLEY SITE, ARIZ .. · UMTRA LOG OF WELL BORING NO. 612 

TAU fNGS AREA ----
JOB NO. MON01 DATE -..:::0=.:2/'-=-2~1/..::'85~---· TOTAL DEP .... m~2~15~.0~fi=:::e~et __________ _ 
SURFACE ELEVATION 5000.09 RIG TYPE CME-75 
TOP OF FH.TER PACK 43.00 BORING TYPE CORE! ROTARY 
WEU CASING TYPE 2.D-IN.SCHED.40 PVC LOCATION N 58437.20 E 85614.80 
COMPLETION DeCHELLY MEM. DATUM MSL,· GROUND SURFACE 

Depth Well 
Con. 

Remarks 

160+--~ 

16S+--~ 

170+--~ 

17S+--~ 

180+--~ 

185+--~ 

19s +--~ n~ H .010-in. slot well screen 
~--4 ~: ~ : ~ installed from 19S to lOS 
~--4 : :~ :: feet. 

~--4 =~~ ~= 
200 H~ H 

:=~ :: 
~------~ n~ n 
~--4 =·~.; 

lOS :;~ ;: 
~--4 :: ; : Blank sump placed from 
t----1 ~ ~ lOS to 215 feet. 

~ GROUNDWATER 
DEPTH HOUR D_ATE_ 

¥ 12:00 2-19-85 
' 60.9 14:37 4-7-86 

Lithology uses Vuual Classification 

DeCBELLY SANDSTONE MEM., 
1----1 mntinued. 

DeCHELLY SANDSTONE MEM., 

JEGTACTEAM 



PROJECT MONUMENT VALLEY sm. ARIZ..· UMTRA 
TAU TNGS AREA 

JOB NO. MON01 DATE --=0=21=2=1/.='85::;..__ __ _ 
SURFACEELEVA~n~n~&~5~~-~09--·-------------
TOP OF FILTER PACK_4!.:3~.00~~=,...-,..........~-------
WEI.L CASING 'TYPE 2. 0-IN. SCHED. 40 PVC 
COMPLETION DeCHEUY MEM . 

Page5of 5 
LOG OF WELL BORING NO. 612 ----

TOTAL DEPTH 215.0 feet 
RIG TYPE CME-75 
BORING TYEP CORE! ROTARY 
LOCA170~ N 58437.20 E 85614.80 
DATUM. MSL· GROUND SURFACE I • 

Depth 
Well 

Remarks Lithology uses Visual Classification C4m 
:: 

210 :: :: :· :: :· :: :· 
215 

:;: 
Core hole ......... ..d to 215 
reet ror well installation. 

220 

225 

230 

235 

240 

245 

250 

255 

260 
~ GROUNDWATER 

DEPTH 'HOUR DATE 
:sz 12:00 2-19-85 
i 60.9 14:37 4-7-86 

Continued. 

TD AT 215 FEET. 

• 
JEGTACTEAM 



• 

• 

• 

PROJECT MONUMENT VALLEY SITE. ARIZ..· UMTRA 
TAU TNGS AREA 

JOB NO. MONOJ DATE ---=0=3/1~'05=/,='85:....._ __ _ 
SURF ACE ELEVATIJ,.j~.~.oOwN'--:-48760~.8~1 ________ _ 
TOP OF FILTER PACK....:l::-3-=-6~. 00:7-===-:=--=:-:=----
MU. CASING 'D'PE 2.~/N.SCHED.40PVC 
COMPLE710N DeCHEUY MEM. 

Pagel of 4 
LOG OF WELL BORING NO. 613 ----

TOTAL DEP111 160.0 feet 
RIG TYPE CME-75 
BORING TYPE CORE/ ROTARY 
LOCA710N N 56377.80 E 88643. 70 
DATUM MSL.· GROUND SURFACE 

Lithology Depth 
Well 

Remarks 
CQ.It 

uses Visual Classification 
u 

5 ~ 

10 

15+----1 

20+----1 

25+----1 

30+----1 

35+----1 

40t----4 

45+----1 

50+----1 

..... 

Installed l-in PVC well 
to160feet 

Protective steel casing 
placed to 5 feet. 

Bentonite/ cement grout 
seal placed to 134 feet. 

Cored to 144.7 feet. then 
reamed to 160 feet for 

well inst. 

(See log 613C for results 
of coring) • 

SEE LOG 613C FOR 
RESULTS OF CORING. 

'--- GROUNDWATER 
DEPTH HOU_R DATE 

i 0.0 F. OWI_NG2-19-85 
! 5.2 12:00 2-26-92 

SP 

SP 

EOLIAN: 
SAND, fine. lt. reddish brown to 

tan. 

SIIINARUMP MEM., CHINLE FM.: 
SANDSTONE, mediwn to coarse 

1----1 grained. See log of nearby well 610 
for description of materials to 78 feet. 

1----1 Not recorded for this hole. 

JEGTACTEAM 



PROJECT MONUMENT VALLEY SITE. ARIZ .• · UMTRA 
TAU TNGS AREA 

JOB NO. MON01 DATE ......!::0:::.:3A~'05:::..:.f,~'85::...__ __ _ 
SURFACEELEVA~n~nwN~48~60~.8~1 ______________ __ 

TOP OF FILTER PACK-'1~3~6:.:::.00~· =~~~~---
WEll CASING 'O'PE 2.0-IN.SCHED.40 PVC 
COMPLETION DeCHEUY MEM 

. Page2of 4 
LOG OF WELL BORING NO. 613 ----

TOTAL DEPTH 160.0 feet 
RIG TYPE CME-75 
BORING TYEE COREl ROTARY . 
LOCATJO!L N 56377.80 E 88643.70 
DATUM. MSL · GROUND SURF ACE • I 

Depth 
Well Remarks Lithology uses Vrsual Classification 
,..,n . 

..--

SHINARUMP MEM.,Continued. 
55 

60 

65 

70 
·. 

75 

SP Note: No log until coring commenced 
at 77.8 feet. 

SANDSTONE, fine to medimn 
80 grained, cross bedded with hematite 

and limonite common, 
noncalcareous, lt. grey to yellowish 
brown. 

85 
1\:,o.::~ Thin ~ co~f black chert pebble 

~ 
'-IJ at base of ~·ai•-- uaalp mem. 

·-- III(Uft FOilMA.TlUN: 
CLAYSTONE, with finely 

90 ~ 
disseminated pyrite, reduction 
environment, mod. spaced fractures, 

~ 
slightly calcareous, greenish grey. 
Note: Color change to reddish brown, 
closely spaced fractures. 

9S ~ Ptfi Note: Color change to clark brown, 

CI becomes micaceous, closely spaced 

~ CL \fra~!.with minor seams of lt. 
, """ -"5~ sandstone. 

100 ~ I •. ~!_L!~-rpNt,; AND-CLAY STONE, 
........ calcareous, lt. grey to 

~ \elk. bro'fll. 
CLA"Y:H UNE, with minor ... ..a-~ 

or -··· dk. l.;...urn ..... 
~ GROUNDWATER 

DEPTH 'HOUR DATE 
2 0.0 F .... OWIN G2-19-85 
~ 5.2 12.·00 2-26-92 JEGTACTEAM ... 



PROJECT MONUMENT SITE. AZ. 
Page3 of 4 

LOG OF WELL BORING NO. 613 

• 
JOBNO. MON01, DATE ~0:::.:311~'05~/.='85::....._ __ _ 
SURFACEELEVA~n~DwN~48~60~.8~1 ________________ _ 

TOP OF FILTER PACK_,1~3~6.:.:=:007-=-===-~~=-----
WELL CASING TYPE 2.0-IN.SCHED.40 PVC 
COMPLETION DeCHEUY MEM 

TOTAL DEPTH 160.0/eet 
RIG 7YPF CME-75 
BORING TYPE CORE/ ROTARY 
LOCATION N 56377.80 E 88643. 70 
DATUM. MSL· GROUND SURFACE I 

Depth 
WeU 

Remarks Lithology uses Vuual Classification 
Con. -

• 

~ 
Note: One foot layer of sancbtone at 105 
100feet. 
Note: Closely space fractures at 103 
feet. 

~~:: :1 ::::~: SP :\&.ole: Thin ...... or sandolone at 103 
110 CL eet and at 104.5 fL. 

~l~t.:i:ii., 
OENKOPI,Continued. 
CLAYSTONE/SANDSTONE, 

interbedded, mottled dark brown and 
It grey respectively. 

11! ~ Note: lntensly fractured at 110 to 111 
~.I[ 

feet. 
:::::::::::: Artesian now from borehole, 1.6 

jjjj~j~jjj~~ 
wpm, during drilling. 

SANDSTONE, rme to coarse, tnce 
110 to little day, calcareom, dk. brown to 

::::·1111:: 

pinkish white. 
Note: Color change to pale yellow at 
110ft. 

' Note: Color change to clark brown 
115 

lllllllilil 

with varying amounts of day/shale 
seams from Ul feet. 
Note: Color change to reddish brown, 
dean, friable, calcareous from 115 
feet. 

130 

::::::::::: 
SP DeCHELLY SANDSTONE 

MEM.,etn'LER FM. 
(Probable contact) 

::1111·1.·1: 

SANDSTONE, rme to very fine, 

135 ~ 
g Bentonite pellet seal . cross bedded, with limonite 

installed from 134 to 136 cementation, yellowish brown. 
:; feet. Note: Color change to tan. 

::~ ::::::::::;: .. 
No. 20 filter pack sand 

lllilil··:il 

;:~ ·: 

140 ;:~ ·: placed from 136 to 160 
·=~ feeL ::f:: ·: :=~ 
:=~ 

.. 

~~I~~~~~~ 
·: ::f:: ·: ::f= 

• 

145 ::f= .010-in. slot well screen TD AT 144.7 FEET. 
::~ 

.. 
Artesian now at 2.0 gpm at .. 

installed from 138 to 158 ·=~ 
.. .. 

completion of drillina. ::f= .. 
feet. .. 

::f= .. 
Packer set at 130.3 feet had ! gpm .. 

::f:: .. 
·: ftowina through pipe. 

150 ::f:: ·: 
·=~ 
==~ 

.. .. 
:=t= .. .. 
::~ 

.. .. 
=·~ ·: 
;:I:: .. 

1!! ·:f:: ·: ::;: 
....._ GROUNDWATER 

I DEPTH 'if~UR DATE 
2 0.0 F. OWlN '(;2-19-8.5 .... 
~ 5.2 12:00 2-26-92 - JEGTAC7EAM 



PR.OJECT MONUMENT VALLEY SITE. ARIZ..· UMTRA 
TAU TNGS AREA 

JOB NO. MONOJ DATE ---"'0='3/1=05=/.='85...__ __ _ 
SURFACE ELEVATTJ.jwnf.£.liN"--48;...;60;..;..· ·_;;.8.;..1 _______ _ 
TOP OF FILTER PACK...:1:::;376.7.:007'=-==-=-~~~--
w.ELL CASING TYPE · 2. D-IN. SCHED. 40 PVC 
COMPLETION DeCHEUY MEM 

Page4of 4 
LOG OF WELL BORING NO. 613 ----

TOTAL DEPTH 160.0 feet 
RJG TYPF CME-75 
BORING TYEE CORE/ ROTARY 
LOCATIOJL N 56377.80 E 88643. 70 
DATUM MSL· GROUND SURFACE I • 

Depth Well 
Remarks Lithology uses VISual Classification Con 

~ 
~ :-

!Blank smnp placed from ::F= ~: 
: : : ~ 158 to 160 feet. :-

160 ~--:..:..: 

165 

170 

175 

180 

185 

190 

195 

200 

205 

.....__ GROUNDW..ITER • DEPTH HOUR DATE 
sz 0.0 F. OWIN G2-19-85 .. 
~ 5.2 12.·00 2-26-92 JEGTACTEAM .. 



• 

• 

• 

PROJECT MONUMENT VALLEY SITE. ARIZ .. · UMTRA 
TAU TNGS AREA 

JOB NO. MONOJ DATE --::O~IJA:.,:;'04,!.:,/,-='85:;...._ __ _ 
SURFACEELEVAn~n~N~~~4~·2~8 ________________ _ 

TOP OF FILTER PACK_4;:,:3:.:..:.00=----------------
WELL CASING 'TYPE ·' 2.0-IN.SCHED.40 PVC 
COMPLETION MOENKOPI FM. 

Pagel of 2 
LOG OF WELL BORING NO. 614 

TOTAL DEPTH 84.5 feet 
RIG TYPE CME-75 
BORING TYPE CORE/ ROTARY 
LOCATION N 60940.50 E 87832. 60 
DATUM MSL.· GROUND SURF ACE 

Well 
Depth 

Con. 
ReTTUJrks Lithology USCS Vuual Classification 

v 

5t----4 

101----4 

151----4 

201----4 

251----4 

30t---""1 

351----l 

401----l 

4St----t 

501----t 

Installed 2-in PVC well 
to 10 reet 

Protective steel casing 
placed to 5 feet. 

Bentonite/ cement grout 
sea1 placed to 40.9 reet. 

Bentonite pellet seal 
) installed rrom 40.9 to 

?; 43.1 reet. 
No. 20 filter pack sand 
placed rrom 43.1 to 70 

reet. 
.010-in. slot well screen 
installed rrom 48 to 68 

reet. 

i-.-- GROUNDWATER 
DEPTH HOUR DATE_ 

¥ 48.3 12.·00 3-7-85 
! 49.7 10.·15 4-5-86 

SP EOUAN: 
SM SAND, fine, brown. 

SP SHINARUMP MEM., CHINLE I'M: 
SANDSTONE, rme to medimn 

1----1 grained, well cemented, 
noncalcareous, massive with occ. 

JEGTACTEAM 



PROJECT MONUMENT VALLEY SITE, ARIZ.,· UMTRA 
TAU TNGS AREA 

Page2of 2 
LOG OF WELL BORING NO. 614 ----

JOB NO. MON01 DATE --=0='3!1='04..:..:./,='85"-----
SURFACE ELEVA"-'V""DwNi--.,;.485~4..;.;;· 2;;.;;8_. -------
TOP OF FH.TER PACK_4~3.:,.:.00~==~~~---
WEI.L CASING TYP'F. · 2 0-IN. SCHED 40 PVC 

TOTAL DEPTH 84.5/eet 
RIG TYPE CME-75 
BORING 1YPE CORE/ ROTARY 
LOCATinN N 60940 50 E 87832 60 

COMPLETION MOENKOPI FM. DAnr&L MSL,· GROUND SURFACE 

Depth ~:!~ Remarks Lithology USCS Vuual Classification 

~ ~ :: 
t-----1 ; :: 

::;: :: 
ss+----1: ~ :: 

: : ~ :: 
:

~--1 ~ = :· 
;:; :: ;:; :: 

60 = ,: 
~-~ ~ = ~= 
~-~:= ~ 

65+----1 

-= :-:: = -= :-:: :::: 
;: :: - :· . . 

: Blank swnp placed from _. • 

70 ~ ~= 68 to 70 feet. • •• • •. 
~--~~ ~ ... 
t---'i ~ ~ •• 

~ ,. Cave-in fill from 70 to ~ 
~ ~ ~ 84.5 feet. ~ 

75 ~ ~ ~ 
~===:~ ~ 7: 
~--~~~~ 1:: 

80 ~X.)< i•• 
~ ~ 1:: 

t---'i ~ ~ i:: 

traces of cross bedding, limonite 
~--f stains, good porosity, lL grey to dark 

greyish orange. 
~--1 Note: Cross bedding becoming more 

prominenL 
~-~ Note: large clast of grey claystone. 

SW 
GP 

CON~' .r JM ~o:w 4 TE, fine sand to 
pebbles, subangular to subrounded, 
well cemented, noncalcareous, cross 
bedded, porous, pale yellowish brown 
910YR,6/2). 

WI.U.r.J'I~Un FORMATION: 
CLAYSTONE, with siltstone 

interbeds, altered, bleached, 
micaceous with diseminated pyrite, 

t--.ML~-i\\br_ .::;~.yellow. 
SILTSTONE,. with ... ~-L ~~. ~ 

sandstone seams (15%), firmly 
cemented to friable, ripple 
laminations, occasional clay lenses, 
yellowish brown • 

• 

. ~ ~ !:: 
~~~~9r---------------------i----~----~==rn~mD~~~~84~.5fi~~ .. ~---------~ 

M+----1 

100+----1 

~...-- GROUNDW.lTER 
DEPTH 'HOUR DATE 

¥ 48.3 12:00 3-7-85- • , 49.7 10:15 4-5-86 JEGTACTEAM 



• 

• 

PROJECT MONUMENI'VALLEY SITE, A.RJZ..· UMTRA. 
TAU TNGS AREA 

JOBNO. MONOJ DATE ~09:::..:1.=:30~185=----
SURFACEELEVATI~n~N~4~~~·1~5 ________ _ 

TOP OF FILTER PACK~7.~3~.00~~=~:-=~-~--
WELL CASING 7YPE 4. 0-JN. SCHED. 80 PVC 
COMPLETION ALLUVIUM 

Pagel of 3 
LOG OF WELL BORING NO. 650 ----

TOTAL DEPTH 104.0 feet 
RIG TYPE GARDNER-DENVER 
BORING TYPE ROTARY MUD 
LOCATION N 64970.00 E 89923.80 
DATUM MSL,· GROUND SURFACE 

Depth 
Well Remarks 
Con. 

Lithology USCS Vuual Classification 

1f Installed 4-in PVC well 
to100reet 

5 Steel surface casing 
placed to 10 reet. 

10 Bentonite/ cement grout 
seal placed to 68 reet. 

15 

I 
20 

301----1 

351----1 

401----1 

451----1 

SOlo--~ 

L-

L-- GRVUNDW.. TER 
DEPTH IHOU:R DATE 

¥ 19.3 112:00 10-19-85 
' 19.2 09:00 4-29-86 

. . : :_. .. :-

.·· .··: . . : .. ·. 

.. . . 
.; .. · . 
.: .. · . 

... .. · .. · . . : .. · . 

. ·· . . ··:. 
:. : . .. > . . 
.; .. · . 
... . . ··: . . . . 

•••••••••••• 

SP EOUAN: 
SM SAND, silty, fine to mediwn, 

nonplastic, lt. reddish brown. 

JEGTAC'IEAM 



PROJECT MONUMENI'VAU.EY Sl1E. ARIZ.,· UMTRA 
TAU.INGS AREA 

JOB NO. MON01 DATE ---=09=1~'30~/,='85::..-__ _ 
SURFACEELEVATI~n~N~4~~~·1_5 _________________ _ 

TOP OF FILTER PACK.-:7.:..::;1.:,.::.00~~=......,....~--------
WELL CASING TYPE 4. 0-JN. SCHED. 80 PVC 
COMPLETION AlLUVIUM 

Page2of 3 
LOG OF WELL BORING NO. 650 ----

TOTALDEPnl 104.0(eet 
RIG TYPE GARDNER-DENVER 
BORING TYPE ROTARY MUD 
LOCATION N 64970.00 E 89923. 80 
DATCJAL MSL.· GROUND SURF ACE • Remarks Lithology uses Vuual Classification Depth ~:!~ 

~-~t---------~====.:~--~.= .. ==~====~--------------------1 
:::-:::.-: 

SSt---~ 

. I Bentonite pellet seal 
7o t----4 ' installed from 68 to 73 
~--~~ f~ 
1----1~ 
t-----1 No.8-U filter pack sand 

7St---~ 

801---~ 

851---~ 

9St---~ 

placed from 73 to 99.S 
feet. 

:: 
~ : · .OSl-in. slot well screen 

J::: : · installed from 78 to 98 
::~ :- feet. 
: ~~ :-
~ 
~ 
~ 
~ 
~ 
~ = 
~ 
~ 
~ 
== ~ 
~ 
~ 
~ :· 
~ r= 
~ 
~ r= :
~ :: r= ;o r= : · Blank smnp placed from 

98to 100 f~ 

100 " >: ~--~ ~ Cave-in rail from 100 to 

~--~ * 104 feet. 
~ t-----1~ 

~ fiR_OUNDWAIER 
DEPTH HOUR DATE 

¥ 19.3 12:00 10-19-85 
! 19.2 09:00 4-29-86 

:::\:\ 
~~:}:( 

:!ii 
:::-::.:.:: 

:: 
:· :,., : :· 
::·:_::·:·:: 
.·· ···:. 

:til 
:;: 

.fll 

I 

EOLIAN DEPOSrr ,Continued. 
~--~ 

JEGTACTEAM • 



•• 
Page3 of 3 

PROJECT MONUMENTVALLEYSITE.ARIZ.,· UMTRA LOG OF WELL BORING NO. 650 
TAU TNGS AREA ----

JOB NO. MONO! DATE ---=09::..:1..:.;'30=..:./.='85~--- TOTAL DEPTH 104.0 feet 
SURFACE ELEVATI.~..~....,n~N'---=4790~.~1-5________ RIG TYPE GARDNER-DENVER 
TOP OF FILTER PACK-"7.:.,::'3.:.:.00~-----=-~-------- BORING TYPE ROTARY MUD 
WElL CASING 'ZYPE 4.0-/N.SCHED.BO PVC ·LOCATION N 64970.00 E 89923.80 
COMPLETION ALLUVIUM DA1VM. MSL · GROUND SURF ACE I 

Depth 
Well 

Remarkr Lithology uses Vuual Classification Con. 

lOS TD AT 104 FEET. 

110 

us 

uo 

us 

• 130 

13S 

140 

145 

150 

lSS 

• .__ GROUNDW. ITER 
Ql:.l'l/1 HOUR DATE 

::s:z 19.3 12:00 10-19-85 .. 
~ 19.2 09:00 4-29-86 .. JEG TAC '1EAM 



PROJECT MONUMENT VALLEY SITE. ARIZ..· UMTRA 
TAU lNG$ AREA 

JOB NO. MONOJ 'DATE __:09:::;.:1:.:.'29::..:./,-='85~--
SURFACEELEVA~n~n~N~4~78~1~.4~6~----------------
TOP OF FILTER PACK.....:l':-'-7.~.00'='='==~:-=-:~----
WEU CASING TYPF 4 0-TN. SCHED 8IJ PVC 
COMPLETION ALLUVIUM 

Pagel of 2 
LOG OF WELL BORING NO. 651 

TOTAL DEPTH 82.0 feet 
RIG TYPE GARDNER-DENVER 
BORING '117'E ROTARY MUD 
LOCATTnN N 63788 90 E 92734 30 

MSL;__Q_RQJJND SURF ACE 

Depth 
Well 

Remarks Lithology uses Vuual Classification 
Con. 

u 
Installed 4-in PVC well ·: ···.· SP EOLIAN: 

to 8l feet 

::t: 
SM SAND, some silt, fine to mediwn, 

nonplastic, lt. reddish brown. 

s 
~ Steel surface casing 

placed to 13 feet. 'a • •:,• 

~ 

:jJ 10 

~ 
..... .. cement grout 

~ 1S seal placed to 13 feet. 

::: ~ ? 
~ 

: ~ :: Bentonite pellet seal 
: ~ :: installed from 13 to 17 :: 

feet. 20 ~ 
:: ~~::r< ~ :: 

~ 
:: ::·:_::':·:: :-

No.8-U filter pack sand ;; 
~::::~?:~ ;; :: placed from 17 to 8l ;; :- feet. 25 ;; ·, : = = :· = :-= ::·:·::·:·:: = 

30 ::: :: :::_::::: 
:::: :: .OSl-in. slot well screen ••• .··: 0 

\ = :: 

:!!! 
:: installed from 20 to 80 

~ :: feet. ·F :: 
~ :: 
~ :: 

35 ~ 
~ 
~ 

::~ :: ::·:_::':':: 
':~ :: 

~~/~{~ .:~ 
::~ :: 

40 :·F= :: 

~ 
:;~ 

::~ 
::~ :; CL AlLUVIUM: ::~ :: 
::~ :- _!_AND!_ CLAY_, low -·· .. _,., 

r, tan. 
~ :· SP II'.Jli.TAN! 4S : :E; ~: 
~ :- SM SAND, some silt, rme to mediwn, ::E; :: 

::~ :: nonplastic, It. reddish brown. 
::E; :: 
::E; :: 
::E; :: 

50 ;;E; :: 
::~ :: 
::E;: ;: 

......_ GROUNDW. TER 
Ul!.I'JH HOUR DA11? 

sz 5.8 12:00 10-19-85 = 
~ 8.1 13:00 4-29-86 JEGTACTEAM - • 



• 

• 

PROJECT MONUMENT VALLEY Sl1E, ARIZ.,· UMTRA. 
TAU.TNGS AREA 

JOB NO. MONOJ DATE --=09=1..::.29=/,='85.__ __ _ 
SURFACE ELEVA .... n .... o..,No........:-4-=78-=1-=-.4-6 ________ _ 
~POFF~1ERPACK~l~7.~.00~~~~~~----

. ~CASING TYPE 4.0-JN.SCHED.80 PVC 
COMPLETION ALLUVIUM 

Page2of 2 
LOG OF WELL BORING NO. 651 ----

TOTAL DEPTH ......... ~8~2.:-:0~(e'f:et::--=-===--------
RJG TYPE GARDNER-DENVER 
BORING TYPE ROTARY MUD 
LOCATION N 63788.90 E 92734.30 
DATUM. MSL · GROUND SURF ACE I 

Depth 
Well Remarks Lithology uses Vuual Classification 
Con. 

~ 

:::: 
~ 
~ 

55 ~ 
~ 
~ 
~ ~~·: .~: .:. :~ ~ 
~ 

[II 
~ 

60 ~ 
~ 
~ 
~ 
~ 
~ 
~ 

65 ~ 
~ ::/)) :::: 
:::: 
:::: :~ <. ;:-:. :~ :::: 
:::: 

~ 
70 :::: = CL ALLUVIUM: = SANDY CLAY, low plasticity, tan to :::: = lt. brown. 

= ~ :::: 
75 = = ~ = = = ~ = :::: Blank swnp placed from 
80 = ~ 80 to 82 feet. 

TD AT 82 FEET. 

8S 

90 

95 

100 

.....__ GROUNDWA1ER 
DEP~ 'HOUR D_ATE 

sz 5.8 12.·00 10-19-85 .... 
~ 8.1 13.·00 4-29-86 JEGTAC'IEAM = 



Pagel of 2 PROJECT MONUMENT VALLEY SITE. ARIZ..· UMTRA RING 
TAUINGSAREA LOG OF WELL BO NO_. _6_52 __ 

JOB NO. MONOJ DATE ~09~1.:.e.29~/.~'85~--- TOTAL DErm..:5~8.:.;0;of{e~et==-=-=~==---------
SURF ACE ELEVATIJ.~.~.Jn!.lliNt........:,.;48()()~.:,..:· 6;:.,9_________ RIG TYPE GARDNER-DENVER 
TOP OF FILTER PACK-.!2~9~.00~.,---=-~------ BORING ROTARY MUD 
WELL CASING TYPE 4. D-IN. SCHED. 80 PVC LOCATJnN . N 62581.50 E 93759.30 
COMPLETION ALLUVIUM MSL,· GRQUND.S7T'R1?ArF 

Depth ~:~ Remarks 
u 

51---....j 

101---....j 

15P----I 

201----1 

301----1 

35P----I 

401---....j 

45P----I 

501---....j 

Installed 4-in PVC well 
to 56 feet 

Steel surface casing 
placed to 20 feet. 

'i!' ~... · · •1 cement grout 
~ seal placed to 25 feet. 

~ 
~ Bentonite pellet seal 

installed from 25 to 29 
feet. 

No.S-12 filter pack sand 
placed from 29 to 56 

feet • 

. 051-in. slot well screen 
imtalled from 34 to 54 

feet. 

'--- GROUNDWATER 
IDEP111 'HOUR DATE 

¥ 19.0 12:00 JD-19-85 
' 18.6 12:30 4-29-86 

Lithology uses Vuual Classification 

SP EOLIAN: 
SM SAND, some silt, fine to mediwn, 

nonplastic, lt. reddish brown. 

JEGTACTEAM • 



• 

• 

• 

PROJECT MONUMENT VAllEY SITE. ARIZ.,· UMTRA 
TAU TNGS AREA 

JOB NO. MON01 DATE 09129185 
SURFACEELEVAn~~nwN~~--·6_9 ________ _ 

TOP OF FILTER PACK....:2:::::9~.00~~=,.........,...~------
WEU CASING TYPE 4. 0-IN. SCHED. 80 PVC 
COMPLETION AUlNIUM 

Page2of 2 
LOG OF WELL BORING NO. 652 ----

TOTAL DEPTH 58.0 feet 
RIG TYPE GARDNER-DENVER 
BORING TYPE ROTARY MUD 
LOCATION N 62581.50 E 93759.30 
DA~ MSL·GROUN.DSURFACE I 

Depth 
Well 

Remarks Lithology uses Visual Classification 
Con. 

::~ 

~~:; :::/\ ·:~ ·. Blank swnp placed from ::f- :: 
55 

: S4 to 56 reet. EOLIAN, Continued. 

~ .... c.:.: :;·.;·;·;·;·, 
·.·.·.·.·.·. SP SHINARUMP MEM., CHINLE FM.: :·:·:·:·:·:· 

Cave-in from 56 to 58 :::::::::::: SANDSTONE, soft, lt. red. 
reet when hole reamed. TD AT 58 FEET. 

60 

65 

70 

75 

80 

85 

90 

95 

100 

.....___ GROUNDWATER 
I DEPTH HOUR DATE 

2 19.0 12:00 10-19-85 ..... 
::![ 18.6 12:30 4-29-86 ..... JEGTACTEAM 



PROJECT MONUMENT VALLEY SITE, ARIZ.,· UMTRA 
TA U.TNGS AREA 

JOB NO. MONO I DATE 09125185 
SURFACE ELEVA.&.jn~n""'N'-----="483~2.~1_4 _______ _ 
TOP OF FILTER PACK...:5::.:0::.:.00=---------
WELL CASING D'PF · 4.0-IN.SCHED.80 PVC 
COMPLETION ALLUVIUM 

Pagel of 2 
LOG OF WELL BORING NO. 653 

TOTAL DEPTH 78.0 feet 
RIG rrP.F GARDNER-DENVER 
BORING TYPE ROTARY MUD 
LOCATION N 61249.30 E 89596.30 • 
DA1VAL MSL,· GROUND SURFACE _ 

Remarks Lithology USCS Vuual Classification 
u 

5+---l 

101----l 

151----l 

10~--4 

301----t 

35+---t 

40+---t 

Installed 4-in PVC well 
to 78 feet 

Steel surface casing 
placed to 11 feet. 

1~ -•· ·'cement grout 
45 

t-----i ~ ~> seal placed to 45 feet. 

t-----i~ 
50 t----ool ~ Bentonite pellet seal 

installed ff:: 45 to so 

........__ GROUNDWATER 
lD.EPTH HOUR DATE 

¥ 35.6 10-19-85 

~~----~--~----~ 

SP EOLIAN: 
SM - SAND, some silt, lt. reddish brown. 

Note: undifferentiated to total depth. 

• JEGTAC'JEAM 



••• 

• 

• 

PROJECT MONUMENI' VALLEY SITE, ARIZ.,· UMTRA 
TAU INGS AREA 

JOB NO. MON01 DATE -..:09=1...:::'25~/.='85~---
SURF ACE ELEVATT .......... n""'rv'---=48-:-3-:'2-:-.1_4 ________ _ 
TOP OF FH.TER PACK-:5~0:;.::.00~~=,.......,.....~--------
~ CASING TYPE 4.0-/N.SCHED.BO PVC 
COMPLETION .Al..LUVTUM 

Page2of 2 
LOG OF WELL BORING NO. 653 

TOTAL DEPnl 78.0 (eet 
~---

RIG TYPE GARDNER-DENVER 
BORING 7YPE ROTARY MUD 
LOCATION N 61249.30 E 89596.30 
DATUM MSL,· GROUND SURF ACE 

Depth Well 
Con. 

Remarks Lithology uses Vuual Classification 

SS+----1 

60+----t 

65+----1 

701---~ 

751----1 

80+----1 

85+---~ 

90+----1 

95+-----1 

100+----1 

:: 
::::: 
::::: 
::::: ;; 
::::: 
::::: 
~ 
~ 

= = = = ~ 

= = = ~ 
~ 
~ = ::::: 
::::: ;:: 
~ 
~ 

= = ..... 

No.8-ll filter pack sand 
placed from SO to 78 

feet. 

.051-in. slot well screen 
installed from 56 to 76 

feet. 

Blank swnp placed from 
76 to 78 feet. 

- GROUNDW..LTER 
DEPTH HOUR DATE 

¥ 35.6 10-19-85 
::!( 

-~----~---~------~ 

)::::·: 
:-·.· .. ·.-·. 

•' 

:Iii 
. ... 

EOUAN DEPOSO'S, continued. 
t---"""'1 

TD AT 78 FEET. 
Note: Caving badly to TD. 

JEGTACTEAM 



Pagel of 2 
PROJECT MONUMENT VAU.EY SITE. ARIZ.·· UMTRA LOG OF WELL BORING NO. 654 

TAU TNGS AREA ----
JOB NO. MONOJ · DATE ~09~1(..!:2.!..!.71<~'85~--- TOTAL DEPTH 79.0/eet 
SURF ACE ELEVATIJJ.~.JOWjN~48==2~4·:-.:.4=-1-·;_________ RIG TYPE GARDNER-DENVER 
TOP OF FILTER PACK....:4:!,!7.~.00~~=~~~---- BORING TYPE ROTARY MUD 
WEU CASING IYPE. 4.0-IN.SCHED.BO PVC IN N 59351.40 E 91063.40 

;c~OM~P.~ZE~U~ON~~~·~==uwu.M============~~~~~====M~~=G==RO=LU==MD·==SURF=~'=IC==E======~~ 
Depth ~=~ Remarks Lithology USCS Vuual Classijicarion 

u ::1 Installed 4-in PVC well .· · .. · : SP EOLIAN: 
1¥ to 79 feet SM SAND, some silt, lt. reddish brown. 

1----1 Note: undifferentiated to total depth. 

51----1 

10+---1 

151---..... 

201---..... 

lS+---1 

30+---1 

401----1 

451----1 

Steel surface casing 
placed to 10 feet. 

·~ • cement grout 
sea1 placed to 47 reet. 

Bentonite pellet seal 
iDstalled rrom 47 to 51 

feet. 
.___ GROUMDW.l1ER 

I DF.PTH 'HOUR DATE 
~ 1.7 10-1~ 
' 1.2 10:28 4-27-86 

?:~··\ 
·.• .. 

• JEGTACTEAM 



•• 

• 

• 

PROJECT MONUMENT VALLEY SITE, ARJZ.,· UMTRA 
TAU TNG$ AREA 

JOB NO. MON01 DATE. 09127185 
SURFACE ELEVA.~..'D .... n..-N~48~2-:::4~.4~1 ________ _ 
TOP OF FILTER PACK_4;:..:7...:..:.00:,::-__________ __,.. ____ _ 
~CASING 1YPE 4.0-IN.SCHED.80 PVC 
COMPLETION ALLUVIUM 

Page2of 2 
LOG OF WELL BORING NO. 654 ----

TOTAL DEPTII~79~.0~fi::::'t!et:::=.::-="'==-:=:---------
RIG TYPE GARDNER-DENVER 
BORING 1YPE ROTARYMUD 
LOCATION N 59351.40 E 91063.40 
DAnTM MSL,· GROUND SURFACE 

·' Depth Well 
Con. Remarks Lithology uses Vuual Classification 

S5t----l 

65t----l 

70+----1 

75+----1 

80t----t 

851----1 

lOOt----1 

No.8-U r.Jter pack sand 
placed from 51 to 79 

feet. 
:~::: 
:I= :1= .051-in. slot well screen 
:1= installed from 57 to 77 ·I-
; I= feeL 

== :;:: :::. ·= :;:;; 
:: 
:~ ::::: == :;:: 
·i
:~ 
:;:: 
:~ 
:~ 
:~ ·-::: Blank sump placed from 
:;:: 77 to 79 feet. 

.....____ GROUNDWATER 
lDEP111 'HOUR DATE 

¥ 1. 7 10-19-85 
! 1.2 10:28 4-27-86 

EOLIAN DEPOSITS, continued. 

TD AT 79 FEET. 
1----1 Note: Caving badly to TD. 

JEG TAC 7E4M 



PROJECT MONUMENT VAU.EY SITE, ARIZ .. · UMTRA 
TAU TNGS AREA 

JOB NO. MONOJ DATE --=09='/~12::.1<.::'85.....__ __ _ 
SURFACE ELEVA~n ..... n...,N~485-=-=7.-::-. 7._'3 ________ _ 

TOP OF FILTER PACK....:3~3.:..:.00~==~~-------
~ CASING rrpe 4.0-IN.SCHED.BO PVC 
COMPLE170N ALLUYIUM 

Pagel of 2 
LOG OF WELL BORING NO. 655 ----

TOTALDEPTH 60.0/eet 
RIG TYPE GARDNER-DENVER 
BORING TYPE ROTARY MUD 
LOCA170N N 59754.60 E 88624.10 

'1M MSL; GRQUND_SJll~EACE_ 

Depth ~:~ Remarks Lithology uses Vuual Classification 

v 

s+----f 

10+----f 

15+----f 

20+----f 

lS+----1 

Imtalled 4-in PVC well 
to 60 feet 

Steel surface casing 
placed to 21 feet. 

30 t-----1 'D. . • 

~--1 ~ .; cement grout 
1-----i c ~' seal placed to 30 feet. 
~--!"":" ..... :: 

35+----f :: Bentonite pellet seal 
: ~ installed from 30 to 33 
:· feet. :: :· 

I :: No.8-U r.Iter pack sand 
~: placed from 33 to 60 40+----1 :· feet. 

= ;. -:: = -= :· 
4S = = ~---~=== 
~--1; = :: = = 

:::::: 

SO F= 
~ 

~---~.=·· 

.051-in. slot well screen 
iastaiJed from 38 to 58 

feet. 

~ GROUNDW.. TEwR._____, 
IDEPTH HOUR ~ 

¥ 39.2 1().;9-85 
! 38.8 09:45 4-29-86 

·: .... : 

)!! 
SP 
SM 

EOLIAN: 
SAND, some silt, lt. reddish brown. 

Note: undifferentiated to total depth. 

• JEGTACTEAM 



• 

• 

• 

PROJECT MONUMENT VAU.EY SITE. ARIZ..· UMTRA 
TAU TNGS AREA 

JOB NO. MON01 DATE --=09=1:..:..12=/.='85..__ __ _ 
SURFACE ELEVA~nl.&.oo~Nr-......::485-=-=7.-::-. 7._'3 ________ _ 
TOP OF FH..TER PACK...:3::,::3~.00~..,.....,.,=,.........,....~--------
WEU CASING TYPE 4.D-IN.SCHED.80 PVC · 
COMPLETION ALLUVIUM 

Page2of 2 
LOG OF WELL BORING NO. 655 . 

----
TOTAL DEPTH 60.0/eet 
RIG TYPE GARDNER-DENVER 
BORING 1YPE ROTARY MUD 
LOCATION N 59754.60 E 88624.10 
DATUM MSL,· GROUND SURFACE 

Well 
Depth Con. Remarks Lithology uses VISual Classification 

551-----4 

Blank sump placed from 
ss to~ reet. 

:it! 
EOLIAN DEPOSITS, continued. 

t-----t 

::.: . :~ . :. :: 
~~--~~~~--------------~--------~~--~TD~~A=T~~~FE=E=T=.-------~ 

65~--t 

701----1 

751----1 

801----t 

851----t 

901----t 

951----t 

1001----t 

.....__,--GROUNDWATER 
LJ/:.1'111 HOUR DATE 

¥ 39.~ 10.19-85 
' 38.8 09.·45 4-29-86 

Note: Caving badly to TD. 

JEG TAC 7EAM 



PROJECT MONUMENT VAlLEY SITE. ARIZ.,· UMTRA. 
TAU TNGS AREA 

JOB NO. MONO I DATE ___..::09~1~12:!./.='85::_._ __ _ 
SURFACEELEVA~D~nwN~~~2~0~7 __________ _ 

TOP OF FILTER PACK...:3~3~.00~-===~:-=~----
WEU CASING TYPE 4.0-IN.SCHED.80 PVC 
COMPLETION AllUVIUM 

Pagel of 2 
LOG OF WELL BORING NO. 656 

TOTAL DEPTHLD...~60~·~0-'::l:{e=;et~-=-===-~------
RIG 1YP.1'' GARDNER-DENVER 
BORING TYEE. ROTARY MUD_ 
LOCAT/Ol::L N 59545.20 E 89175.iO 
DA rTM MSL: GROUl!J) ·~f<TTTIF.ArF 

Depth ~:!' Remarks Lithology USCS Vuual Classification 

u 

10 ..... -~ 

151------l 

201------l 

25 ..... -~ 

Imtalled 4-in PVC well 
to 60 feet 

Steel surface casing 
placed to 21 feet. 

30+------1 
1-----l~ .;_,. I.... n~ cement grout 

~ seal placed to 30 feet. 
1-----l~ 8 

351----1 

40 ..... -~ 

45 ..... ----l 

50 ..... ----l 

:: 
.. - ~ ~ Bentonite pellet seal 
· · : · imtalled from 30 to 33 
:: :: feet. :: :: :: :· 
: :~ ~: No.8-ll filter pack sand 
~ ~; placed from 33 to 60 
~ [: feet. 
~ :: 
~ ~: .051-in. slot well screen 

:: ~ [: installed from 38 to 58 
; [: feet. 

::; [: :: :: 
~ ;. 
~ :: 
~ [: 

:·~ :: 
~......- GROUNDW, TER 

I DEPTH IHOUR DATE 
¥ 36.0 10-19-85 
' 35.5 12:00 4-29-86 

SP EOLIAN: 
SM SAND, some silt, lt. reddish brown. 

Note: undifferentiated to total depth. 

.... 
:.: ..... :-

i1ii 
:.· .. -.. ·. 

• JEG TAC TE.AM 



• 

• 

• 

PROJECT MONUMENT VAU.EY S11E. ARIZ.,· UMTRA 
TAU.INGS AREA 

JOB NO. MON01 DATE --=09:::.:1~12~/..='85:...,_ __ _ 
SURF ACE ELEVA,.~.~n""nwN~485~2..,...0_7 ________ _ 

TOP OF FO..TER PACK.-3~37.00":::-:-==~=-==:-:-=-----
WELL CASING TYPE 4.~/N.SCHED.BO PVC 
COMPLETION ALLUVIUM 

Page2of 2 
LOG OF WELL BORING NO. 656 

TOTAL DEPTH.LLL-=:60:_;.;·~0~{e~et==""'=""==--------
RIG 7YPF GARDNER-DENVER 
BORING TYPE ROTARY MUD 
LOCATION N 59545.20 E 89175.10 
DATUM. MSL· GROUND SURFACE I 

Depth 
Well 

Remarks Lithology uses Vuual Classification 
Con. 

~ 
.. 

~ 

:111 

~ EOLIAN DEPOSD'S, continued. 
55 ~ 

~ 
~ 
~ 
~ Blank 51D11p placed from 

ss to 60 reet. 
60 ... ·. 

TD AT 60 FEET. 
Note: Caving badly to TD~ 

65 

70 

75 

80 

85 

90 

95 

100 

....____ GROUNDWATER 
u.l!r1.rl HOUR DA'IE. 

2 36.0 1~19-85 ... 
~ 35.5 12.·00 4-29-86 ... JEGTACTEAM 



PROJECT MONUMENT VALLEY SI1E, ARIZ..· UMTRA 
TAU lNGS AREA 

JOB NO. MONO! DATE _..::09~/1~'04;.:..:./,.::::::'85~---
SURFACE ELEVAXlf'lN 4881.18 
TOP OF FH.TER PACK 118.00 
WElL CASING 'ZYPE 4. ~IN. SCHED. 80 PVC 
COMPLETION ALLUVIUM . 

Pagel of 3 
LOG OF WELL BORING NO. 657 

TOTAL DEPTII 140.0 feet 
RIG TYPF' GARDNER-DENVER 
BORING TYI!E.. ROTARY MUD 
LOCATION.. N 59266.00 E 87596.50 

'IM MSL.- GROUND SUBF_ACE 

Depth ~ell Remarks Lithology uses Vuual Classification :m. 
u 

Installed 4-in PVC well :::_:::·:: SP EOLIAN: 
to 138 feet ·:·. ::·:.: SM SAND, some silt, lt. reddish brown. 

~~:;(? Note: undifferentiated to total depth. 

s :.:.:.-: -- .... sw ALLUVIUM: ~· ....... ~ 
=-~;;; GRAVELLY SAND, mediwn to ~· ....... ~ 
=·~~ coarse sand, with fine gravel, lt. 
~$-~: reddish brown. -- .... ~:... ....... ~ 

10 
::;:;;; 

li'.fil .l.A.N: 

SAND, some silt, lt. reddish brown. 

15 

lO 
~ C'D ~;;Occasional pebbles indicating 

Steel surface casing 
.: .. ·. 

~ .... lenses of reworked alluvial .. 
·:': :··:.: 

\u~~~~., from 20 to 35 feet placed to 21 feet. :.·.-.:-:.·. 

2S 
::-::::-:·:: 
::.:.: ~.:::: 
.. 
· ... :: : 
•. 
·.· . :: .. 
. : . . · . . · .. 

30 Bentonite/ cement grout ::-::: : . :- ~: 
seal placed to 113 feet. ··.·· 

::. ; :: : . ~ . ~ ~ 

35 

:> 
40 ~ sw ALLUVIUM: 

~~·~ GRAVELLY SAND, with interbeds 
1~ .. 
~:t ~ or eolian sand, tan. 

~[~:-~ ~·~ 
45 ![~-; 

~-~~; 
~-~-; 
~-~-; 

so I ·:~t ~ ~ 
- h..-:~ 

.._.__ GRD rrNnW:tTER 
DEPTH HOUR DATE 

sz 50.2 1~19-85 .. 
:![ 49.9 11:35 4-28-86 JEGTACTEAM ... • 



• 

• 

• 

PROJECT MONUMENT VAlLEY SITE. ARIZ..· UMTRA 
TAU INGS AREA 

Page2of 3 
LOG OF WELL BORING NO. 657 

TOTALDEPTII 140.0/eet ----JOB NO. MON01 DATE -...:;09:::.:11..::;.'04..:..:..1<='85::....._ __ _ 

SURFACE El.EVA ..... TL"'"O...,N<---:-488~1-:-.1~8 ________ _ RIG TYPE GARDNER-DENVER 
BORING 1l'PE ROTARY MUD 
LOCATION N 59266.00 E 87596.50 

TOP OF FILTER PACK~1~1.:.:8.~00:._..........,................_ _________ _ 
WELL CASING TYPE 4. 0-IN. SCHED. 80 PVC 
COMPLETION ALLUVIUM DA1VM MSL· GROUND SURFACE I. 

Depth Well 
Remarks Lithology uses Vuual Classification 

Co~. 
-·=-~ 
~!:;.--:": -- ._ 
~!:"":": EOLIAN DEPOSli'S, continued. 

55 -- ~ c:!'·""'· =·~;;; 
ct.:..""'. 
=·~;; 
lt.:...'-P ... 
-.~·--- ._ 
~!:~: -- ..... 

60 
~~"":": -- ..... ct ........... 
=-~;; ct ........... -.:.:::-·--- ..... ct .... - ... -.s.:-·--- ..... .::: ........... -.=·--- ..... 

65 
.::: ............ 
=·~;; .::: ... -... =· ;=-;; 
~ ............. =· ;:-;; 
~ ........... =· ;:-;; 
~ .... -... 

70 
=·~;; 
~ .... -... 
=·~;; .::: .... -... =· ::=-;; c:-.:......,..,. -.:.::-·---,. 
~ .... -... 
=·~;; 
~ ... -... 

75 :-::;; 
~ .... -... 
=·~;; 
~ ... -... 
=·~;;; 
~ .... -... 
=·~;; 
~ .... -... =· ;=-;; 

80 ~ .... -... -. .:.:-·--- ..... ~ .... -... :-;:;-;; 
~ ........... =· ;=-;; 
~ ........... -.:.:::-·---,. 
~ ............ -.:.::-·-

85 
--,. C:.&......,."r 
-.:.:'"---,. ~ ........... 
=·::;; .::: ............ =·=;; 
~ ... -... =·:::-;; 
~ .... -... 

90 -.:.:·--- ..... ~ .... -... -.£.:"·--- ..... ~~ ......... ,...e:;;:: 
~~-~ 
~~~ 

95 ~~~ 
S'~± ,..._,.. 
s~:: 
::~~~ 
~~;; 
~:i:: 

100 
,..._-
~ GP SANDY GRAVEL, coarse sand. 
~ 
~ ··-· ..... !'!'tili ALL1MUM, continued. 

.........__ GROUNDW. TER 
DEP711 HOUR DATE 

:sz 50.2 10-19-85 ... 
~ 49.9 11:35 4-28-86 JEG TAC 1EA.M ... 



PROJECI' MONUMENI' VAlLEY STIE. ARIZ..· UMTRA 
TAU lNGS AREA 

JOB NO. MONOJ DATE ---"'09;;..;'A='04=f,='85.___ __ _ 
LOG OF WELL BORING NO. 657 ----

TOTALDEPTH 140.0/eet 
RIG TYPE GARDNER-DENVER SURFACCELEVA~n~a~N~~~1~.1~8 ________________ __ 

TOP OF FILTER PACK ...... 1=:=178.=-=:00:7-====--=-=-~=----
WEU CASING TYPE 4.0-IN.SCHED.BO PVC 

BORING TYPE ROTARY MUD 
LOCATION N 59266.00 E 87596.50 

COMPLETION AlLUVIUM 

D~m ~=t----·-R_~--~----------i===Lr~~ho.sw~gy===*=U.=~=c=s~-------vu_ua __ l_C_ku_s_~_c_m_io_n _______ lllt_, 
~ 

DA1VM. MSL,· GROUND SURFACE 

lOS+-----1 

UOP---4 

~~~ 115.----
1----1 

1------f ~ 
1----1.,. 

UOP---1 

llS+----1 

130+----4 

135P---I 

> Bentonite pellet seal 
~ installed from 113 to 118 
~ feet. 
;S 
).., No.8-12 filter pack sand 

placed from 118 to 138 
·: feet. 

~ : 
~ •: .051-in. slot well screen 
~ • ; l:n.,tcall..d from 121 to 136 
~ •: feet. 
= ~ ;::: ;::: ;::: 
~ 
~ 
~ 
~ ;::: ;::: ;::: 
~ 
~ ~ !Blank smnp placed from 

136 to 138 feet. 

~j 
:.;.,~ 
:.;.,~ 
:.;.,~ 
:.;.,~ 
:.;.,~ 
:.;.,~ 
:.;..~ 

li'.fil .TA.'~: SP 
SM SAND, rme to medimn, It. reddish 

1----1 brown. 

GP AlLUVIUM: 
SANDY GRAVEL, with fragments of 

1----1 Moenkopi Formation. 

SP •- "Hto:LT,y ~A. ~··UN.t; MRM 
CUI'LERFM. 

SANDSTONE, It. bm to mecl. 
reddish brown. 

'--------' ~~~: ~ Cave-in rail from 138 to 

1~~--~~~--~~~~fee~t.------~--~--~---h~~~~~------~ 
1----4 TD AT 1~ FEET. 

145P---4 

lSOP---1 

155+----4 

.____ GROUNDWATER 
[DEPTH HOUR_ DATE 

¥ 50.2 10-19-85 
! 49.9 11:35 4-28-86 JEGTACTEAM • 



• 

• 

• 

PROJECT MONUMENIV.AILEY Sl1E, .ARIZ..· UMTR.A 
TAU TNGS AREA 

JOB NO. MONOJ DATE --=:09:..:.1~26~/,:::::85~--
SVRF.AC£ELEV.AU~o~N~48~~~6~.1~9----------------
TOP OF FO..TER P.ACK...:l:..:.l~4.~00.:;.......==--------
~ CASING npz;: 4. ().JN. SCHED. 8() PVC 
COMPLE170N ALLUVIUM ' 

Pagel of 4 
LOG OF WELL BORING NO. 658 

TOTAL DEPTH 165.0 feet 
RIG TYPE GARDNER-DENVER 
BORING 7YPF. ROTARY MUD 
LOC.A170N N 54763.40 E 88857.00 
D..tTUM MSL.· GROUND SURFACE 

WeU Depth 
Con. 

Remarks Uthology USCS Vuual Clo.ssification 

u 

5t---~ 

lOt---~ 

1St---~ 

10+----1 

15+----1 

30+----1 

35+----1 

40t---~ 

45+--~ 

50+----1 

Imtalled 4-in PVC well 
to 157 feet 

Steel surface casing 
placed to 95 feet. 

- GROUNDW. TER 
iDEPTH HOUR DATE 

¥ 9.6 1().19-85 
' 9.3 11:00 4-29-86 

........ 

... · .. · 

... ·: . .. · . . • . . ,•'. 

·.:. · .. 
.. .· . 
. :. · . ·.· . :: .. 
·.: .. ·. 

........ . . 
::: :-:.· . , .. 
. · .·. 
::. :-_.· ... 
·.· . :: .. 

.· .. : 

_SP. EOLIAN DEPOSITS: 
SM SAND, mediwn to fme, little silt, 

1----1 reddish brown. 

Note: Undifferentiated dune deposits 
1----1 to 90 feet. 

JEG T.AC TEAM 



PROJECI' MONUMENT VALLEY S11E. ARIZ..· UM'IRA 
TAU TNG$ AREA 

JOB NO. MON01 DATE ~09~1~26~/.::::'85::__ __ _ 
Su.RFACEELEVA~n~n~N~48~~~~~1~9 ____________ ___ 

TOP OF FIL'IER PACK....:1!...f1~4.~00~=~~~=-------
MU CASING ZVPE 4.0-IN.SCHED.BO PVC 
COMPLETION ALLUVIUM 

Page2of 4 
LOG OF WELL BORING NO. 658 ----

TOTAL DEPm165.0/eet 
RIG TYPE GARDNER-DENVER 
BORJNGnPFROTARYMUD 
T_nr~TJON... N 54763.40 E 88857.00 

rJU MSL GROUND ;:,ulf.I''"ACE 

Depth ~:!~ Remarks Lithology uses Vuual Classification 

55+----1 
EOLIAN DEPOSri'S, Continued. 

70+----1 

75+----1 

85+----1 

SP SHINARUMP MEM., CBINLE I'M.: 

~~ -•· cement grout 
seal placed to 109 feet. 

too+----1 

._ 
.____ GROUNDW..l'IER 

IDEPTH IHOUR DA'IE 
¥ 9.6 10-19-85 
~ 9.3 11:00 4-29-86 • JEGTAC'IEAM 



• 

• 

• 

PROJE~ MONUMENIVALLEYSITE.ARIL.· UMTRA 
TAU TNGS AREA 

JOB NO. MON01 DATE --::09=1..:;'26:::.f,='85'----
Su.RFACEELEVAn~o~N~48~11~6~.1~9--------
TOPCFF~1ERPACK~1~1~4.~00~~~~~~---
WEIL CiSJNG TYPE' 4.0-JN.SCHED.BO PVC 
COMPI ETJON AlLUVIUM 

Page3 of 4 
LOG OF WELL BORING NO. 658 ----

TOTAL DEP111 165.0 feet 
RIG TYPE GARDNER-DENVER 
BORJNGnPeROTARYMUD 
LOCATION N 54763.40 E 88857.00 
DATUM MSL,· GROUND SURF ACE 

Depth Well Remarks Lithology USCS Vuual Classification 
r--i====~co~ +----------i==~~~==*===~--------------4 

105+----1 

110+----t 

115+----1 

uo..---~ 

w+----1 

130+----1 

135..--""" ~ ~~ -~ ~ .051-in. slot well screen 
1--~ :: ~ : : installed from 135 to 155 . F . 

140
1----1 IIIII r~ 
1----1 H~ !! 

··~ ·. 
1----1 :=~ :: 

145 ==~ :; 
1----1 ::~ :: 

1----1 =~~ ~= 
1----1 ::~ :: 

··~ ·. 1----1 ::~ :: 
150 ==t= :: 

1----1 ==~ :: 
==~ :: 1----1 ··~ ·. 

1----1 ==~ :: ··t= .. 
~------~ nF ii 

155 : : : Blank sumo olaced from 
...___ GROUNDW.fTER 

IDEPTH HOUR DA'IE 
¥ 9.6 10-19-85 
' 9.3 11:00 4-29-86 

rrm: 
:::::::::::: 
:::::::::::: .·.·.·.·.·• .·.·.·.·.·.· 
:::::::::::: 

fllllJ 
:::::::::::: 

=:,·::·:.-, 

.·.·.·.·.·• 
;~;~~~~~~~~~ 

jjjjjjjjjjj[ 
.·.·.·.·.·• 

~~~l~lll~~~t 

~~~~~~~~~~~~ 

li1i~~~~j~j~ . 

SHINARUMP MEM., Continued. 
1----1 

JEG TAC TEAM 



PROJECT MONUMENI' VALLEY SITE. ARIZ..· UMTRA 
TAU lNG$ AREA 

JOB NO. MONOJ DATE --::09;:;;.:12=6/.-='85~--
Su.RF.ACEELEV.A~n~a~N~48~~~~~~~9--------
TOP OF FILTER P.ACZ:_.1~1~4.~00~=,.,........,.....,.....~...,._--
~ CASING TYPE 4 0-IN SCHED 80 PVC 
COMPLETION AlLUVIUM 

Page4of 4 
LOG OF WELL BORING NO. 658 

TOTAL DEP111 165.0 feet 
RIG TYPE GARDNER-DENVER 
BORINGnPEROTARYMUD 
LOC.ATJnN N 54763 4() E 88857. 00 
D.A 'TM MSL: GROUND SURF ArE 

Depth ~~ Remarks Lithology uses Vuual Classification 

~ 
:-,. 155 to 157 feet. #,¥ ML_ MOENKOPI FM. 

><" 
)< 

: SILTSTONE, altered, bluish grey. ~ 
)< 
)< Cave-in ran from 157 to : Note: Color change to reddish brown. 160 >«>< )< 

>< )< 165 feet. : »<>< 
»< 

)< : 
~ 

)< 
)< : 

?S: 
)< :. )< 

165 
_., 

TD AT 165 FEET. 

170 

175 

180 

185 

190 

195 

200 

205 

.._ GROUNDWATER 
DE ElL flOUR DATE 

sz 9.6 10-19-85 ... 
::![ 9.3 11.·00 4-29-86 JEG T.AC TEAM .. • 



• 

• 

• 

PROJECT MONUMENT VAlLEY .r:m. ARIZ .• · UMTRA 
TAU TNGS AREA 

JOB NO. MONOJ DATE ___..09='1..:.11:.:./,='85::....--__ _ 
SURFACE ELEVAUQN 4861).84 
roP OF FILTER P. ..... if .... C,..'K.~82=-.oo~---------
WEU CASING TY1'E 4.0-IN.SCHED.-=80"'-'P"-~.:...;;C"-----
COMPLETION AUUVJUMIEOLIAN 

Pagel of 3 
LOG OF WELL BORING NO. 659 

roTAL DEPTH 110.0/eet 
RIG TYPE GARDNER-DENVER 
BORING TYPE ROTARY MUD 
LOCATION N 59069.80 E 88670.30 
DA1VM MSL.· GROUND SURFACE 

D th Well D--..L 
ep Con. .nr:muricr Lithology USCS Vuual Classification 

u Imtalled 4-in PVC well 

5~--1 

10+-----1 

15+----1 

10~--1 

lS+----1 

30+----1 

35 ! 
¥ 

40+----4 

45+----1 

SOt----4 

-

to109feet 

Steel surface casing 
placecl to Sl feet • 

'-- ~RJJUNDW.ITER_ 
DEP11/ HOUR DATE 

¥ 36.5 10-19-85 
' 35.3 15:35 4-27-86 

···: 0 ... 

SP EOLIAN DEPOSITS: 
SM SAND, mediwn to fine, little silt, 

1----1 reddish brown. 

Note: Undifferentiated dune deposits 
1----1 to 90 feet. 

sw SHINARUMP MEM., CHINLE FM.: 
SANDSTONE, mediwn to coarse, 

1----1 occasional conglomeritic stratwn, 
white with limonite stains. 

JEGTACTEAM 



PROJt:CT MONUMENI' VALLEY Sl1E. ARIZ..· UMTRA 
TAU.lNGS AREA 

JOB NO. MONO I DATE --::::09~'1~11~/,~85~---
SURF. CE ELEVA77nN 4860 84 :A 
TOP OF FIL'IER PACK 82.00 . 
WELL' CASING rrpz;: 4.~1N.SCHED.80 PVC 
COMPLETION ALLUVIUM/EOLIAN 

Page2of 3 
LOG OF WELL BORING NO. 659 

TOTAL DEPTH 110.0/eet 
RIG 7YP.J:: GARDNER-DENVER 
BORING ROTARY MUD 
LOCATJQN.. N 59069. 812 _E 88670.30 

'llA MSL GROUND .~11RFACE 

Depth Well 
Remarks Lithology uses Vuual Classification 

Con. 
r-

~~~~-: 
~~t-~~ 

ss ~~:'7~ 
~~~ ~~~~ ; 

60 
~ ::;.._ 
~ - .... :::: ; - .... 
; ::;."':":: ; - .... 
; ::;."':":: 
i--.... -~ a.:::·-

'65 ~ ~-~ a.:·-
~ ~-~ 
~ :::-;,; .... -~ 
~ :::-;,; .... -~ 
~ =·-- .... 
-~ .... 

~ :::-;,; 70 .... -~ 
~ =·-- .... .... -~ 
! =·-~ - .... ~ ::;."':':: 
~~--::: 

~ =·--,.. .-,. ... 
75 ;::-;; 

~ . -~ ! :;::;.._ 
~ - .... 
! ~;; .,. 

-•· •I cement grout ~ ~;; seal placed to 79 feet. .:... ........... 
; :::-;,; 

80 ~ ~ ; :-.."':"~ ;=-,.; 
.:...""'r-r 

~ ~ :.=-·-
i ~--::: 

Bentonite pellet seal ~;; 
i .... -~ 

installed from 79 to 82 a.:·-
~ ~--::: 

feet. ~;; 
85 i .... -~ :.:-·-

~ ~--::: 
:.::-·-

~- .... :: ;; i:;: 
= No.S-U filter pack sand ~ ~--::: = ;; ..... _ 

~- .... 
90 = placed from 82 to 109 

II 
= feet. --;:::: 

:;~ : 
~ •· 
~ ! 
~ 

~~~i 95 ~ 
~ :: ~~ ~ :: 
~ :: 

·~ ~ :: != :: 
~ !~ 100 ~ 
~ ~ ~ 
~ ! ~ ~~~ ~:· 

I.-.. GROUNDWA'IER 
I DEPTH 'HOUR DATE 

2 36.5 1~19-85 ... 
~ 35.3 15.·35 4-27-86 JEGTACTEAM ... • 



•• 

• 

• 

PROJECI' MONUMENT VALLEY SITE. ARIZ..· UM11t4 
TAU TNGS AREA 

JOB NO. MON01 DATE 09111185 
SURFACE ELEVATI~-ou.nwN~--,;..4860=.;;..;,.;:'84:..:...,_ _______ _ 
TOP OF FILTER PACK...:82=:,.:.00~...,....,..=~~------
WELL CASING TYPE 4.()-JN.SCHED.BO PVC 
COMPLETION ALLUVIUM/EOLIAN 

Page3 of 3 
LOG OF WELL BORING NO. 659 

TOTAL DEPTH 110.0 feet 
RIG TYPE GARDNER-DENVER 
BOR'NG TYPE ROTARY MUD 
LOCA'!10N N 59069.80 E 88670.30 
DATl'lA MSL' GROUND SURFACE I 

Depth 
Well Remarks Lithology uses V'uual Classification 
Con. 

lOS 
:;~ ~ : ~:-.... ~ 
:;~ -.~·- SHINARUMP MEM., Continued. ~ ..... ~ : : =·~~ : 

• OSl-in. slot well screen 
ce,_ ..... 

: :·~;; 

~ <~ 
installed from 87 to 107 ~r:.--==· 

~==-._~ 

110 
feet. =·~·-

Blank sump placed from TD AT 110 FEET. 
107 to 109 feet. 

Cave-in rill from 109 to 

115 
110 feet. :·: . . 

120 

1lS 

130 

135 

140 

145 

ISO 

ISS 
'--- GROUNDWATER 

'DEPTH 'HOUR DATE 
2 36.5 1()-19-85 .... 
~ 35.3 15:35 4-27-86 .... JEG TAC TEAM 



PROJECI' MONUMENT VAlLEY SITE, ARIZ..· UMTRA 
TAU.TNGS AREA 

JOB NO. MONO I DATE --...!:09::::..:12-=:4;:.:.1<.:::::'85::....._ __ _ 
SURFACEELEVA~n~n~N~~~~·~3~8 _______ _ 
rop OF FILTER PACK 124 00 
WELL CASING TYPE 4. 0-IN. SCHED.BO PVC 
COMPLETION SHINARUMP MEM. 

Pagel of 3 
LOG OF WELL BORING NO. 660 

roTAL DEP11f~l?55;;,·~0s.;.,fe;:et=-=====---------
RJG TYPE GARDNER-DENVER 
BORING TYE.'~" RO' ARY MUD J. 

LOCATION... N 613?3.40 E 89584.~iii 
DA '11A MSL GROUND SURFACE 

Depth Well Remarks Uthology uses Vuual ClassificaJion 
Con. 

u 
Installed ~in PVC well SP EOLIAN: 

to 155 feet UNDIFFERENTIATED, dune sand, 
medium to fine, lt. reddish brown. 

5 

10 

15 

20 

Steel surface casing 
placed to 96 feet. 

25 

30 
~ 
~ 

35 

40 

45 

50 

......__ GRO UNDW.4TER 
[DEPTH IHOUR DATE • :sz 33.3 10-19-85 -~ 31.4 14:25 4-28-86 JEG TAC'ILtM -



•• 

• 

• 

PROJECI' MONUMENT VAlLEY SITE. ARIZ..· UMTRA 
TAU lNGS AREA 

JOB NO. MONOJ DATE --::09:..:1.~'24~/,='85...._ __ _ 
SVRFACEELEVA~D~O~N~~~J~.3~8 ________ __ 
TOP OF FILTER PACK..:1~2~4.:.::::00::,__....,_ ______ _ 
~ CASING TYPE 4.~IN.SCHED.80 PVC 
COMPLE170N SHINARUMP MEM. 

LOG OF WELL BORING NO. 660 ----
TOTAL DEPTH-.::1~55~·;:;0~{e:et:::-::===---------
RJG TYPE GARDNER-DENVER 
BORING TYPE ROTARY MUD 
LOCA170N N 61303.40 E 895&4.30 
DAnTM MSL.· GROUND SUR.I'"ACE 

Depth Well 
Con. Remarks Lithology uses Vuual ClassijicaJion 

551----1 

701----1 

75+----1 

as+----1 

1001---....j 

'-

....__ GROUNDW.ITER 
r DEPTH 'HOUR DATE 

¥ 33.3 JD-I9-85 
' 31.4 14.·25 4-28-86 

EOLIAN DEPOSrrS, Continued. 

SW SHINARUMP MEM., CHINLE 
IORMATION: 

SANDSTONE, medium to coarse, 
tan to white. Occasional coaly 
fragments indicate channel fill 
deposit. 

JEG TA.C TEAM 



PROJECT MONUMENT VAlLEY SITE. ARIZ .. · UMTRA 
TAU TNGS AREA 

age o 
LOG OF WELL BORING NO. 660 

JOB NO. MONOJ DATE .......;:;09~/2-=-4=/,=C!lS"----
SURFACEELEVATI~~o~N~~~~~.3~8~---------------
TOP OF FILTER PACK....:1=:=2~4.:.:=:00~===-~~:::----
~ CASING 1YPE 4.0-JN.SCHED.BO PVC 

TOTAL DEPTH 155.0/eet 
RIG TYPE GARDNER-DENVER 
BORJNGnPEROTARYMUD 
LOCATION N 61303.40 E 89584.30 

COMPLETION SHINARUMP MEM DA1VM MSL· GROUND SURFACE I .. 
Depth 

Well 
Remarks Lithology uses Vuual Classification Con. 

~ 

~:;~-; lOS SHINARUMP MEM., Continued. 
~ ~ 
~ 
~ ;..:., 
! ~~~ 

110 ~· ~ _.:; 
~·= 

~ ~-": 
~==;,; ~; ... 
~=-,;: 

115 ~~~ ~[~~ t- ·'' ·'cement grout ~:~ seal placed to 119 feet. ~:~-; 
~ s-~ 

I 
!!=.": -~ 

1lO lllelltonite pellet seal 
~ t:-"":": 
~ ~--:; 

linctAIIPd from 119 to 1l4 :.:-·-
~ ~--:; 

feet. &.:·-

~ ~--:; 
a.:·-
-~ :: ~ .-... 

125 
; ~;,; 
~~; ... 

:: ~ =:....i 
; 

:· ~ 
:: :: ~ l:::-·-:: ~- ~ -... 130 :· 
~ :: :; No.S-12 filter pack sand 

;: :: placed from 124 to lSS ~. !:·-
:: feet. -- ~ 

··~ ~=--or 
:: -.:.:-·-:;~ -- ~ 

~ ~!:;! -- ~ 
13S ::~ 

: ~ .OSl-in. slot well screen 
~!:"":'": 

::~ --~ ~ ........ or 

~ 1:. • ....... from 133 to 153 =·~;;; 
~ ~ .... -or 

feet. -.=-=-·-
~ -- ~ c:- '-"'TT 

~ -.&.:·--- ~ 
~ ~ ........ or -.:.::·-

140 ~ -- ~ ~=--or 
~ -.a.:-·--- ~ 

~ ~ .... -or 

C:: =·~;; 
~.L.,. .... ,. 

~ -.&.:·--- ~ 
~ ~~ .... or 

~ 
....... :.:: 
~~;. 

145 ~ ::~:.: 
~ s~:: 
~ 

.,_ ::.-

S'!:!-"::;: ~ .,_-
~ ;. ;:~:± 
~ 

.,_-
s~:± ~ .,_ ::.-

150 ~ : ~ ~~~ 
~ ~~-~ ~ 
~ Blank sump placed from $':;i:~ 
~ 

.,_-
: : 153 to ISS feet. S~± ., __ 
:: ~;t~ 

155 ~ 
::: . 

TD AT lSS FEET. 
._____ GROUND_W.l7E'R_ 

DEPTH HOUR DATE 
2 33.3 10-19-85 ... 
:![ 31.4 14:25 4-28-86 JEGTACTEAM .... . . • 



•• 

• 

PROJECT MONUMENI' VAlLEY SITE, ARJZ..· UM'IRA 
TAU TNGS AREA 

JOB NO. MON01 DATE ~l.::OA..:.V6::.1<='85~---
Su.RFACEELEVA~n~n~w~S0.~~~7.~.3_4 ____ ~----------..... 
TOP OF FILTER PACK_,1':-"79-=-'.::=:00~==-~~~---
WEU CASING 1YPE 4.0-IN.SCHED.BO PVC 
COMPLE170N DeCHEU.Y MEM. 

LOG OF WELL BORING NO. 661R ---
TOTALDEPnl 218.0(eet 
RIG TYPE GARDNER-DENVER 
BORJNGnPEROTARYMUD 
LOCA170N N 56366.10 E 85447. 70 
DATUM MSL,· GROUND SURFACE 

D th Well 
ep Con. Remarks Lithology uses Vuual ClassijicaJion 

u 

5+----t 

10+----1 

15+----1 

20+----1 

25+----1 

30+----1 

35+----1 

40+----1 

45+----1 

so+----t 

,_ 

lmtalled 4-in PVC well 
tolUfeet 

Protective steel casing 
placed to 5 feet. 

Bentonite/ cement grout 
seal placed to 174 feet. 

Note: Original hole 661 
was grouted full with 

casing in-place. 

..___ GRO r.JNDW.. ITER 
[DEPTH HOUR DATE 

¥ 164.2 10-19-85 
! 162.8 14.·00 4-29-86 

.;. ~ 
I I 

SP SHINARUMP MEM., CHINLE I'M.: 
SANDSTONE, fine to mediwn, well 

cemented, beige to pale tan. 

Note: Becomes coarse grained with lt. 
t----1 limonite staining, mediwn yellowish 
+----1 brown. 

SM MOENKOPI I'M.: 
MUDSTONE, friable, thin bedded, 

t----1 mediwn yellowish brown • 

Note: Color change to mediwn to 
t----1 clark reddish brown. 

ML SD..TSTONE, very thin bedded, 
t----i mediwn reddish brown to chocolate 
t----1 brown. 

JEGTACTEAM 



PROJECT MONUMENT VAlLEY STIE. ARIZ..· UMTRA 
TAU.TNGS AREA 

Page of 
LOG OF WELL BORING NO. 661R 

TOTAL DEPTH 218.0 feet 
RIG 1YPF' GARDNER-DENVER 

JOB NO. MON01 DATE ~1~011~06~185~---
ELE 77 AT 5057.34 SURFACE VA 0 

TOP OF FILTER PACK 179.00 BORING RnTA~YMUD 

WELL CASING 1YPE 4.0-IN.SCHED.80 PVC LOCATJ"lAT N 56366._JQ ~70 
- - UM_ MSL GROUND SJ!REACE COMPLETION DeCHELLY MEM. DA 

Depth 
Well Rt!lfiiJTks Lithology uses Vuual Classificarion 
Con 

r-
lo I 

I I 

I I 

ss /! : :: : 
I• I 

1:: 
/!: 
I• I 

60 I• I 

~c.r MI. •- :Hn.l .. Y MEM., CUI'LER FM.: 

~g SP SANDY SILT~!H·~!"~'- c.bocolate 
brown, with interbedded lt. carmel 

~~ siltstone. 

65 

~ 
70 

~ 
SP SANDS I Ul'l.a:.., fine, lt. to med. 

75 orangish brown. 

80 

Note: Color change to lt. brown. 

8S 

to 

ts 

100 

L-
....__ GROUNDW, TER 

l..J,O;,C_JJJ_ 'HOUR DA'IE • sz 164.2 10-19-85 .. 
l( 162.8 14:00 4-29-86 JEG TAC TE.AM ... 



• 

• 

PROJECT MONUMENT V. 
. TAU.TNGS AREA 

JOB NO. MON01 DATE ---=-l=OA""'"06=A=85'"----
SURFACE El.EVAJ.,ln~nt.AN"-50.:::-=l.5~7.=::3~4 _______ _ 
TOP OF FH.TER PACK_,l':-'-797.:.:::00~=~~~:::-----
'M:l.L CASING TYPE 4. 0-IN. SCHED. 80 PVC 
COMPLETION DeCHEI..LY MEM. 

LOG OF WELL BORING NO. 661R ----
TOTAL DEP111 218.0 feet 
RIG 7YPF GARDNER-DENVER 
BORING TYPE ROTARY MUD 
LOCATION N 56366.10 E 85447. 70 
DATUM MSL.· GROUND SURF ACE 

Depth Well 
t--i====FCo~. 

Remarks Lithology uses Vuual Classificalion 

110+--"""i 

115+--"""i 

125+----1 

130+----1 

135+----1 

140+----4 

145+----t 

150+----t 

155+----1 
'-

..___ GROUNDW.fTER 
iDEP11f flOUR DATE 

¥ 164.2 10-19-85 
! 162.8 14:00 4-29-86 

DeCBELLY SANDSTONE MEM., 
1---~ CUI'LER FM., Continued. 

Note: Color change to lt. orange 
t----i brown. 

Note: Becoming weakly to mod. 
t----i cemented. 

JEGTACTEAM 



PROJECT MONUMENT VAlLEY SITE. ARIZ..· UMTRA 
TAU lNG$ AREA 

JOB NO. MONO! . DATE --=1=0!1=06=/.='85:;..._ __ _ 
SURFACEELEVA~n~n~w~5~05~7.~.3~4 ________________ __ 
TOP OF FILTER PACK-:1~79..;.;·~00~=,.,.......,....,.....~,------
~ CASING TYPE 4.0-IN.SCHED.BO PVC 
COMPLE170N DeCHELLY MEM. 

Depth 

160+--....f 

165+--....f 

1701---...f 

Remarks 

Bentonite pellet seal 
installed from 174 to 179 

feet. 

No.S-12 filter pack sand 
placed from 179 to 212 

feet • 

• 051-in. slot well screen 
(IJI.'!jUUI•t:U from 190 to 210 

feet. 

Lithology 

LOG OF WELL BORING NO. 661R 

uses Vuual Classification 

Note: Becoming moist to very moist 
from 158 feet. 
DeCBELLY SANDSTONE MEM., 

t----f curLER FM., Continued. 

JEG TAC TEAM • 



• 

• 

• 

PROJECT MONUMENI' VALLEY SITE. ARIZ..· UMTRA 
TAU lNGS AREA 

JOB NO. MONOJ DATE __,1=0!1~06~/.='85.._ __ _ 
SURFACE El.EVAJ.In~n~N'-5=:-;0:::~~7.::::3~4 _______ _ 
TOP OF FILTER PACK...:1"::"'79~.'="00~==-=-:~~---
WEU. CASING zypE 4.0./N.SCHED.BOPVC 
COMPLETluN DeCHEILY MEM. 

LOG OF WELL BORmG NO. 661R ----
TOTALDEPW 218.0/eet 
RJG TYPE GARDNER-DENVER 
BORJNG TYPE ROTARY MUD 
LOCATION N 56366.10 E 85447.70 
DATUM MSL.· GROUND SURF ACE 

Depth Well Remarks 
Con. Uthology uses Vuual Classification 

::~ :: 

210 
t----1 ~: ~ : ~ Blank sump placed from 

:: :: 210 to 212 feet. 
t----1 ,: :>(< ~ 

~M 
t----1&99 

215 +----1 ~x><x><x> 
~ t----1 ')()()(' 

t----1~ 

llS+----1 

230+----1 

235+----1 

240+----1 

245+---~ 

250+---~ 

255+----1 

DeCBELLY SANDSTONE MEM., 
t----t Ctn'LER I'M., Continued. 

t----1 TD AT 218 FEET. 

~~--GR-O~U-TNO-.W.~TE-R------------~------~--~-------------~ 

DEP111 HOUR DATE 
¥ 164.2 10.19-85 
' 162.8 14.·00 4-29-86 JEGTACTEAM 



JOB NO. MON01 DATE 10105185 
SVRFACCELEVA•TI~n~N~48~~~.0~7 ________________ __ 
TOP OF FIL'IER PACK-:3~5:.:..:.00=-----------
~ CASING IYPE 4.0-IN.SCHED.80PVC 
COMPLETION AU.UVIUMIEOLI.AN 

LOG OF WELL BORING NO. 662 -------
TOTAL DEP17l....::11-:0:-;.0~fi::-;eet;.;:-;:-;==--------
RJG TYPE GARDNER-DENVER 
BORJNGnPE:ROTARYMUD 
LOCATION N 59236.50 E 87577.50 
DATUM MSL.· GROUND SURFACE 

Lithology uses Vuual Classification • u 
t-----1 

s+--~ 

10+--~ 

1St---~ 

lOt---~ 

lSt----1 

301---~ 

Installed 4-in PVC well 
to 69.S feet 

Steel surface casing 
placed to 21 feet. 

.. · -· cement grout 
seal placed to 32 feet. 

1------1 ~ :S Bentonite pellet seal 
3S +--~ ~ ~ installed from 32 to 3S 

- :· feet. 
I= :: 

:: ~ ~ ; No.8-U filter pack sand 
=·~ :- placed from 3S to 69.S 

40+--"""l ~ :- feet. 
~ :: 
~ ;: 

t-----1 : ~ :: 
t-----1 : ~ :: 

1-----1 : ~ :: 

4S ~ :; 
I= 
I= 
I= 
I= 
I= 

i so+----1 

.OSl-in. slot well screen 
installed from 3S.S to 

"·s reet. 

..___ GROUNDWA.'IER 
DEPTH ~OUR DA.'/E 

¥ 51.5 10-19-85 
' 51.0 11:35 4-28-86 

.·.·· .. 
: ·: .. :-
.·.·· .. . . . 
. ·.·· .. . . . 
. . 
. · ... : ..... · .. . . : .. ·. 
:· :_..: :
-:'::·':·.: 
.... . ··:. . . 
. . . . . . 
. . . . . . 
.; .. ·. 

.. ··.· 
··:··:.: 

... ... 

. · .·.·, ... 

. ·.···. . . 

) 
. . 

:~:~.~;:< 
... ... 
. ·· ...... 
. :. ·. . .. ·:.· 

~:\~:) 
. · ... : .. · . . ··:. ... 

~~:/)~ 

............ 

~P EOLIAN: 
SM SAND, some silt, lt. reddish brown. 

Note: undifferentiated to total depth. 

JEG TA.C TEAM • 



• 

• 

• 

PROJECT MONUMENT VALLEY SITF, ARIZ.,· UMTRA 
TAU.TNGS AREA 

Page2of 2 
LOG OF WELL BORING NO. 662 

JOB NO. MON01 DATE ---=l=OA=05=/.='85~--
Su.RFACEELEVA~n~n~N~48~77~.0~7----------------
TOP OF FILTER PACK_,3~5~.00~==~~~---
'M:LL CASING 1YPE 4.~/N.SCHED.BO~P.;-:VC=-----

----

COMPLETION AUUVJUMIEOLTAN 

Depth Well 
Con. 

1-----1 ::~:= :: 
::~ :: 
··~ ·. 

55 t----4 n~ n 
1-----1 ::~ :: 

n~ u 
1-----1 =·~ ·= 
1-----1 ··~ ·. 

1-----1 ll~ ll 
1-----1 ··~== ·. 
~-------~ n~ H 
1-----1 ==~ :: 

··~ ·. ::t::::: :: 

Remarks 

1-----1 ·=~ ;. 
:: ~ : : Blank sump placed from 
:;F- ;: 67.5to69.5feet. 

TOTAL DEPTH 70.0/eet 
RIG TYPE GARDNER-DENVER 
BORING TYPE ROTARY MUD 
LOCATION N 59236.50 E 87577.50 
DA711M MSL,· GROUND SURF ACE 

Lithology uses Vuual Classification 

EOLIAN DEPOSITS, continued. 

;.: .:; ·:·-: .. :: 
70 ~---+~~~Ca~v~~m~fi~al~lf~ro-m~6~9.~5-to--~----.-~--+---~-TD~~A~T~7~0~FE==E=T~.-------------~ 

75+----1 

801----4 

85+----1 

100+----4 

..__ GROUNDW. l1ER 
DEP111 'HOUR DA1E 

~ 51.5 1~1~5 
' 51.0 11.·35 4-28-86 

70 ft. Note: Caving badly to TD. 

JEGTACTEAM 



PROJECT MONUMENI'VALLEY SI1E, ARIZ..· UMTRA 
TAUJNGSAREA 

JOB NO. MONOJ DATE --=:09.::;..:1..=.;10:.:./,-='85..__ __ _ 
SURFAC£ELEVA~n~o~N~~~~~.5~6 ________________ __ 

~p OF FILTER PACK~1:.:::5.;.:5·:.;;00.:;-.....==-~.....---------
WEU. CASING 7l'PE 4.0-JN.SCHED.80 PVC 
COMPLE170N D~HmLYMEM ; 

LOG OF WELL BORING NO. 663 

~TALDEPTR~2~1~7~.0~6~e~~==~~----------------
RJG TYPE GARDNER-DENVER 
BORING TYPE ROTARY MUD 
LOCA170N N 59069.60 E 88593.50 
DATU.M MSL · GROUND SURF ACE I 

Depth ~ell Remarks I 

m Uthology uses Vuual Classification • v 
Installed 4-in PVC well _SI!_ EOLIAN: 

to 217 feet UNDll'FERENTIATED, DUNE 
SAND, with minor alluviwn in lower 
section coating of minor rme 

5 gravel derived from Shinanunp 
Flowing well at 5 gpm formation, and minor Moenkopi rock 

initially. fragments. 

10 Steel surface casing 
placed to 51 feet. 

15 

20 

25 

30 

! 
35 

40 

45 
:: 

50 SM SIJnll4RUMP MEM., CHINLE 

- 'li't\l:n.f' I TION: 
.._____ GROUNDW. fiER 

I DEPTH flOUR DATE_ 
sz 33.2 10-19-85 • -~ 32.6 11.·49 4-27-86 JEGTACTEAM -



• 

• 

• 

PROJECT MONUMENT VAlLEY SITE. ARIL.· UMTRA 
TAU.TNGS AREA 

JOB NO. MON01 DATE --=09=1..:..10=/,='85'-----
SURFACEELEVA~n~nwN~48~6~1~.5~6 ____________ __ 

TOP OF FILTER PACK_,1":=5~5"='.00~=~~-=-:-::=-----
WEU. CASING TYPE 4.0-IN.SCHED.8lJ PVC 
COMPLETION DeCHEILY MEM 

.'" 

Page2of 5 
LOG OF WELL BORING NO. 663 ----

TOTAL DEPTH~2:=-17:7.:::0~fe::et==.-:===---------
RJG TYPE GARDNER-DENVER 
BORJNC TYPE ROTARY MUD 
LOCATIO"' N 59069.60 E 88593.50 
DATCJM.. MSL· GROUND SURFACE I 

Well I uses Depth 
Co:[j. 

Remarks Uthology VISual Classification 

SANDSTONE, fine to coarse, occ. 
pebbles, whitish tan to reddish tan. 

55 Note: Water began flowing at S gpm at 
Bentonite/ ament grout 51 feet during drilling, continuing until 
seal placed to 150 feet. bole deepened to 55 feet. 

SHINARUMP MEM., Continued. 

60 

65 

70 

75 

80 

85 

90 

's 

100 

.._ 
,___ GROUNDW. TER 

DEPTH HOUR DATE 
2 33.2 10-19-85 ... 
~ 32.6 11:49 4-27-86 

JEG TAC TEAM ... 



PROJECT MONUMENTVAU.EYSITE.ARJZ..· UM17U 
.., TAU,INGS AREA 

JOB NO. MONOJ DATE --=09:.:.1~10~!.='85~---
SURFACE ELEVAJJnt&.<ow.N~486~1.:=:5~6 _______ _ 
TOP OF FILTER PACK.....:1~5~5~00~==-~~:::----
WEZL CASING L1YPu::.c.F~..:;4·~~::!1N~.~S~CHED!#=!~·~81J~P!....'Vi~C~---
COMPLETION DeCHEUY MEM. 

Page3of 5 
LOG OF WELL BORING NO. 663 . 

----
TOTALDEPTH 217.0/eet 
RIG TYPF GARDNER-DENVER 
BORING 'IYE.F ROTAR_Y!-.~M~UD~..,.....,....,~~------
LOCA N 59069. 60-=...._:E:,.:885=.::9~3.S~O _____ _ 

rru MSL GROUND .f\1TRF'ArF'. 

Remarks Lithology uses Vuual Classification 

lOS+---~ 

uo+---~ 

us+---~ 

120+----1 

w+---~ 

130~--1 

135+---~ 

140+---~ 

14S+----I 

ISO+---~ 

~ 
Bentonite pellet seal 

installed from 150 to ISS 
feet. 

ISS ; NnJl-n. filter oack sand 
.......___ GRDUNDW. TER 

IDEP1H HOUR DATE 
~ 33.2 1~1~ 
' 32.6 11:49 4-27-86 

.. 1·: 
::·· 

/ I'· 
::· I· 

/ I'· 

:: 1·: 
::· 
;: 
:: 
::· 
:: 
:: 
... 

-:-1, ~ 
•I• 
•I• •I• •I• 
•I• 
•I• 
•I• 

1: 
1: 
1: 
1: 
1: I 

I• I 
I I 

I• I 

•I• I •I• , 
•I• I 

=I• :I: 
•I• ' 
•I• ' •I• I 

•I• ' 'I• I 

•I• ' •I• I 

•I• I 

•I• I 
I I 0 

0 I 0 

I I 0 

0 I I 

' I ' 
I I 0 

I 0 
I I 

I I 

I I 
I I 
I I 

:o I :1 I 
1: 
': 
:: 
i: 
1: 
1: 
1: 
1: 
I• 

SHINARUMP MEM., Continued. 
Note: Conglomeritic from 107 to 110 
feet. 
Occasional c:oaly fragment indicates 
channel fill deposit. 

MI. MU£.n~Url JIHIIIM4TION: 
Sn...TSTONE, with minor thin 

interbeds of sandstone, upper few 
feet altered to bleached, grey; 
changing to reddish brown. 

JEGTACTEAM • 



• 

• 

PROJECT MONUMENT VALLEY SITE. ARIZ..· UMTRA 
TAU,INGS AREA 

JOB NO. MON01 DATE __::09.::..:1..:.:10:.:.1<='85::._ __ _ 
SVRFACEELEVA~n~n~N~~~1~.5~6 ________ _ 

TOP OF FILTER PACK_.1':='57'5.7.:00~==-=-:==-----
WEU. CASING ZVPE 4.()..JN.SCHED.80 PVC 
COMPLETION DeCHEI.LY MEM. 

Page of 
LOG OF WELL BOkiNG NO. 663 ----

TOTAL DEPTH 217.0 feet 
RIG TYPE GARDNER-DENVER 
BORING TYPE ROTARY MUD 
LOCATION N 59069.60 E 88593.50 ,..-------
DATUM MSL.· GROUND SURFACE 

Depth Well 
Con. Remarks Uthology uses Vuual Cla·sification 

160+----1 

165+----1 

170+----1 

i 175 +----1 

tso+----1 

185+----1 

190+----1 

placed from ISS to 217 
feet. 

'-- GROUNDW.fTER 
IDEPTH HOUR DATE 

¥ 33.2 1()..19-85 
' 32.6 11:49 4-27-86 

MOENKOPI FM.,Continued. 

SP JW:IIEI.I.Y SANDSI'ONE MEM., 
CUl1..ER FM.: 

t--

SANDSTONE, medimn to fme, 
reddish tan to orange. 

JEGTACTEAM 



PROJECT MONUMENI VALlEY SITE. ARIZ .. • UMTRA 
TAUTNGSAREA 

Page5of 5 
LOG OF WELL BORING NO. 663 

roTALDEP111217.0(eet 
RIG TYP.F GARDNER-DENVER 
BORINGnPFROTARYMUD 
LOCATION N 59069.60 E 88593.50 

lOB NO. MONO! DATE 09110185 
SURFACE El.EVA""Tl""'Or.£.JN'----,-486.,..,;-1.~5,...6 _______ _ 
rop OF FILTER PACK_,1~5::::.5·:...::00;::_.,==-...,.....,.....-----
WEU. CASING 'ZYPE 4.0-IN. SCHED. 80 PVC 
COMPLETION D CHEILYMEM e DATUM. MSL GROUND SURFACE I 

Depth ~:!1 Remarks Lithology uses Vuual Classification 

I= 
210 

I= 
I= :: I= :; 
I= DeCREJl'.Y SANDSI'ONE MEM., 
I= :; Continued. 
~ !; 

215 
f::: :Blank sump placed from 1-

:· 215 to 217 feet. . ::· 
TD AT 217 FEET. 

2lO 

llS 

230 

235 

l40 ~ 

l4S 

250 

lSS 

l60 ..___ GROUNDWATER 
I DEPTH 'HoUR DATE • 2 33.2 10-19-85 

'W 

~ 32.6 11.·49 4-27-86 JEGTACTEAM ... 



• 

• 

• 

PROJECf MONUMENI' SITE, AZ. 

JOB NO. MON01 I DATE --=09~1~19~/,=='85::..._ __ _ 

Su.RFACEELEVA~n~nwN~·~48~3~2·~~~·-------------
TOP OF FILTER PACK....,270~2."==00~=~~=-=-:-:=------
~ CASING TYPE 4.0-JN.SCHED.BO PVC 
COMPLETION DeCHEUY MEM. 

Page of 
LOG OF WELL BORING NO. 664 

TOTALDEPnl 233.0(eet 
RJG 7YP.E GARDNER-DENVER 
BORING TYPE ROTARY MUD 
LOCATION N 61255.90 E 89537.00 
DAnTM MSL,· GROUND SURF ACE 

D th Well 
ep Con. Remarks Lithology uses Vuual Classificalion 

v 

s+----t 

10+----1 

15+----1 

20+----1 

lS+----1 

30+----1 

35+----1 

40+----1 

45+----1 

so+----t 

Installed 4-in PVC well 
to 233 feet 

Steel surface casing 
placed to 90 feet. 

....._ GROUNDW. ITER 
Ul!.Yln HOUR DATE 

¥ 30.8 10-19-85 
! 30.2 14.·25 4-28-86 

SP EOLIAN DEPOSD'S: 
SAND, medimn to fane, reddish 

1----1 brown. 

JEGTACTEAM 



PROJECI' MONUMEN/' SITE, AZ. 

JOB NO. MON01. DATE 09119185 · 
SURFA~ELEVA~n~n~N~~~2·~~~---------------
TOP OF FIL1F.R PACK....:2:::0~2."="00~=,....,.....----------
WEU. CASING TYP'I<' 4 0-IN. SCHED 80 PVC 
COMPLETION DeCHEILY MEM. i 

Page2of 5 
LOG OF WELL BORING NO. 664 

TOTAL DEPTH 233.0 feet 
RIG TYPE GARDNER-DENVER 
BORING TYPE ROTARY MUD 
LOCATJnN N 61255 90 E 89537.00 
DATUM.. MSL: GROUND SURFACE 

Depth 
Well 

RemtJrks Lithology uses Vuual CkusijicaJion Con. 

ss EOLIAN DEPOSn'S, Continued. 

Q) 

e 

70 

75 

80 

8S 

~~ sw SBJNARUMP MEM., CIIINUt nL: 
SANDSTONE, medium to coarse, 

~~ occasional conglomeritic seams, well 
~~ cemented, limonite stained, tan to 

to ~~ white. 

:7: 

~~ ~~ 
ts ~~ 

~~ 
1!: 
1!: 

100 1!: 

.... ~~ :;! ~ 
....._ GRO r.JNDWA1F.R 

DEPTH flOUR DA1F. 
sz 30.8 10-19-85 .. 
::![ 30.2 14:25 4-28-86 JEG TAC 1F.AM .. 

• 

• 



• 

• 

• 

PROJECT ---JM~O~MJM.~~E~NT~SITE~w;, AZ==-. -------- LOG OF WELL BORING NO. 664 

TOT.ALDEPW 233.0/eet JOB NO. MON01, DATE .-...:::09~1~19~/,.::==85::...._ __ _ 

SURFACEELEVA~V~O~N~~~2~.84~----------------
TOP OF FILTER PACK_,2~0~2.'="00~=~~==-----
MU.. CASING TYPE 4.0-IN.SCHED.80PVC 
COMPLETION DeCHEUY MEM 

RIG TYPE GARDNER-DENVER 
BORING 7YPE ROTARY MUD 
LOCATION N 61255.90 E 89537.00 
DA1VM MSL' GROUND SURFACE I 

Depth 
Well 

Remarks Lithology uses Vuual Classification Con. -
-·=-~ 105 ~:...."". =· ::--;,; 
~:...."". 

SDJNARUMP MEM.,Continued. --~·-Ce:...'-': 
=-:.:-;,; 
~·""· =·~~ 
~:....""· 

110 =·=---~ ~T:.":'· 
c:~~~ 
=·=-~ c: ... -. 
=·~;;: 
c:~-... =·==;; 

115 
c:~-... =·==-;; 
~::"":": -- ~ c: .......... 
=·:::-;; c: .......... -.:.:-·--- ~ c: .......... =· ;:-;; uo <":.......,..,.. -.:.:-·--- ~ c:: '-...,..,.. 
=· ::-;;; c: .......... 
=·~;;: c: .......... 
=·~;;: 
c: ... - ... 

us =·~;; c: .......... -.:.:-·--- ~ s-~:T 
-·=-~ c: ... - ... 
=·~~ ~ .......... -.:.:-·---,... c:: 1... ...,.T 

130 =· ::--;; c: .......... 
=· ::--;; 
~ .......... 
=·;:"~ c:: :.,..""'r,.. -.:.:·---,... c: .......... 
=·~~ 

135 ~:.......,.. ... 
=·~;; r..:......,..-r 
=·~;; c: .......... 
=·~;; c: .......... 
=-~;;: 
c: ... - ... 

140 :-;::-;; c: .......... -.,..._ --,... c: .......... =·=-;; C:::::....""'r,.. -. ,..._ --,... 
~~; ... ,..p;.: 
=-~+ 145 ~ sw SANDSTONE, coarse to medium, ••• ·- GP with gravelly conglomeritic lenses, ••• abundant coaly material,(channel fill 
!t~ deposit), tan to white. ·-150 ••• 
!t~ ·-••• !t~ 

155 ·-:·: .... ._____ GRO UNDW, ITER 
I DEPTH HOUR DATE 

2 30.8 10-19-85 .... 
~ 30.2 14:25 4-28-86 

~c TEAM ... JEG T. 



PROJECI' MONUMENI' SITE. AZ. Page of 
LOG OF WELL BORING NO. 664 

JOB NO. MONOJ I DATE --=09~1~19::-..:./,.='85::..._ __ _ TOTAL DEPTH 233.0 feet 
Su.RFACEELEVA~TI~OwN~~~2~.84~----------------
TOP OF FILTER PACK...:2"="0-="2.:.=:00:7-=-===-~=-:-:=---------
~ CA.SJNG TYPF' 4 0-JN. SCHED 80 PVC 

RIG TYPE GARDNER-DENVER 
BORING TYPE ROTARY MUD 
LOCATION N 61255 90 E 89537.00 

COMPLETION · DeCHEUY MEM. 'TM MSL: GROUND SURFACE 

Depth 
Well 

Remarks Lithology uses Vuual Classijicarion Con. 
r- ••• • • ·-••• 

160 !•~ •• SHINARUMP MEM., Continued . ••• 
!·~ ·-••• 

165 !·~ ·-••• 
!•~ ·-••• 

170 !•~ ·-••• 
!•~ ·-~ 

175 .fl .... 
ML -- •~~~o.,un ____ . .:.4TION: I I 

I I 

SR. TSI'ONE, reddish brown with ,t I 
it I blue-grey bleached zone at top. I I 

I I 
,I I 

it I 

180 I I 

-· ,I I 
jt I 

jt I 
't I 

I I 

I' I 
!t I 

tIt 1 

185 I I I 

I it I 

I I• I 
I I• I 
I I I 

I it I 

I I• I 

I• I 
:a I 

1M 
I• I 
1: : 
I• I 

I• I 
I• I 

I• I 

I• I 

I• I I• I 

195 
I• I 

SP_ .J,Y s• ·- l \IJU. MEM., 
.... -h.~, cement grout ctn'LER I'M,: 

~ ? seal placed to 197 feet. SANDSTONE, medium to fine, 

:s reddish to orange. 

200 ~ ~ ~ ~ Bentonite pellet seal 
installed from 197 to 202 

feet. 

lOS : 

:· : . 
..__ GROUNDWATER 

lDEPTH_ HOUR DATE 
:sz 30.8 10-19-85 ... 
~ 30.2 14.·25 4-28-86 - JEG TACTEAM • 



• 

• 

• 

PROJECT _MONUMENT SITE. AZ. 

JOB NO. MON01 I DATE ___.:09.::;.:1..:,;19::;.:.1<.::::'85::.__. _ _;___ 

SURFACEELEVA~n~awN~~~2~.84~---------------
TOP OF FILTF:R PACK...:2::::0~2.~00~==-~=-------
~ CASING TYPE 4.0-IN.SCHED.BO PVC 
COMPLEnON DeCHELLY MEM. 

Page of 
LOG OF WELL BORING NO. 664 

TOTALDEP111 233.0/eet 
RIG TYP.E GARDNER-DENVER 
BORINGnPEROTARYMUD 
LOCAnDN N 61255.90 E 89537.00 
DATUM MSL.· GROUND SURF ACE 

D th Well 
ep Con. Remarks Lithology uses Vuual Cltusification 

110+---"'1 

115+---"'1 

230+---"'1 

235+----1 

240+-----1 

245~--1 

lSS+----1 

~ No.S-11 filter pack sand 
~ placed from 202 to 233 
~ feet. 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ .OSl-in. slot well screen 
~ installed from 211 to 231 
~ &' ~ aeet. 
~ 
~ 

= 
= ::: ::: ::: 
§ Blank sump placed from 

231 to 233 feet. 

DeCBELLY SANDSTONE MEM., 
t----t Continued. · 

1----1 TD AT 233 FEET. 

~~-G--RIO~U.-rND-1W,-~~l1E-JR------------~--------~--~_;__----------------------~ 
[DEPTH_ 'HOUR DA1E 

¥ 30.8 10-19-85 
' 30.2 14:25 4-28-86 JEGTACTEAM 



PROJECI' MONUMENT VAlLEY SITE. ARIZ.,· UM17U 
TAU.TNGS AREA 

JOB NO, MON01 DATE ~1~0!1~'04~/,:::::'85~---
SURFACE ELEVAU.ut.JDWIIN~4864~..:..:·;.:;:2.:....7 _______ _ 
TOP OF FILTER PACK .... 1~6~7.:.::;00:::-::-===--::-::-=:-::=-----
MU CASING rrpE 4.0-;N.SCHED.80 PVC 
COMPLE110N DeCW":.LLY MEM. 

age o 
LOG OF WELL BORING NO. 668 ----

TOTALDEP111218.0(eet 
RIG TYPE GARDNER-DENVER 
BORINGnPEROTARYMUD 
T.Df'ATTnN N 61Jl71.4Q E 88287.00 
- MSL GROUND SURF ACE 

Depth ~:~ Remarks Lithology uses Vuual ClassificaJion 

u 

5 ..... -...j 

151---..-1 

201----1 

15+----1 

30+----1 

351----1 

401----1 

451----1 

SOl----I 

Imtalled 4-in PVC well 
to 215 feet 

SteeJ surface casing 
placed to 60 feet. 

L--,.;._ GROUNDWATER 
IDEPTH 'HOUR DATE 

¥ . 41.3 10-19-85 
! 40.0 09.·30 4-29-86 

SP 
SM 

EOLIAN: 
SAND, some silt, lt. reddish brown. 

Note: undifferentiated to total depth. 

JEGTACTEAM • 



•• 

• 

• 

PROJECT MONUMENT VALLEY SJ1E, ARIZ.,· UMTRA 
TAU.TNGS AREA 

JOB NO. MON01 DATE ---=-1=0!1.,.,.,'04""""/.='85~---
SURFACE El.EVA~..Jn""owN~..-.:..4864;:;.:;;..;.;.;·2:;.;.7 ________ _ 
TOP OF FILTER PACK-:1~6~7.~00~=~:'7""'=: ~----
WELL CASING IYPE 4. 0-IN.SCHED. 80 PVCo;,__ __ _ 
COMPLETION DeCHEUY MEM. 

LOG OF WELL BORING NO. 668 ----
TOTAL DEPUI 218.0 feet 
RIG TYPE: GARDNER-DENVER 
BORING 7l'PE ROTARY MUD 
LOCATION N 60171.40 E 88287.00 
DATIIM MSL,· GROUND SURFACE 

D th Well 
ep Con. Remarks Lithology uses Vuual Clarsification 

ss+---~ 

' 
'60+---~ 

70+---~ 

75+----1 

80+---~ 

as+---~ 

90+---~ 

lOOt---~ 

..... 

Bentonite/ cement grout 
seal placed to 162 feet. 

Gamma log shows rad. 
mne from 92 to 100 ft. 

.......___ GROUNDWATER 
DEPTH HOUR DATE 

¥ 41.3 10-19-85 
' 40.0 09.·30 4-29-86 

::.:.::.:·:: 

.:.:.:;: +----t 
EOLIAN DEPOSrrS, continued. 

SP SHINARUMP MEM., CHINLE FM.: 
SANDSTONE, fine, well cemented, 

nriable, lt. grey to lt. pinkish brown. 

CH CLAYSTONE, with mudstone 
SC interbeds, occ. thin sandstone seam, 

high plasticity, lt. olive grey grading to 
blueish grey. 

SP SANDSTONE, fine, well cemented, 
with occ, grey shale interbeds, 
nriable lt. olive grey to lt. orange 

brown. 

JEGTACTEAM 



PROJECT MONUMENT VALLEY S11E. ARIZ..· UMTRA 
. TAUTNGSAREA 

age o 
LOG OF WELL BORING NO. 668 

JOB NO •. MON01 DATE ~1~0!1~'04;.:..:.1<.::'85~---
SURFACE ELEVATTnN 4864 27 

TOTAL DEP11l 218.0 feet 
RIG 7YP.F GARDNER-DENVER 

TOP OF FH.TER PACK 167.00 .. BORING TYI!E.. ROTARY MUD 
WELL CASING zypz:: 4.D-IN.SCHED. 8() PVC T.nrATT()N N 60171.4Q _E 8828'l00 
COMPLETION DeCHEILY MEM. DATUM. MSL GROUND SURFACE 

Depth 
Well Remarks U!hology uses Vuual Classification 
~ 

~ 
105 CI SIIIN.AlllTMP MEM., ~I'M., 

Continued. 
SHALE, thin bedded, with lenses 

~ 
or sandstone, occasional coal 

110 fragment. 

~ CL t"l FM.· 
Ml -·--MUDsTONE AND SR.TSTONE, 

115 interbedded, reddish brown to 

~ chocolate brown. 

~ 
120 ~ ~ ~ us 

~ Note: Increasing sand from 126 feet. 

~ 130 

~ ~ 
135 ~ ~ 

Note: Gas bubbles in mud tub from 
136 feet. 

~ 140 

~ ~ 145 ~ 
~ 150 SP •- :Hu.l.Y SA.- [ONE URM. 

<:L CUI'LERFM. 1: SANDSTONE, with interbedded 

~ 
shale, rme, mediwn orange brown. 

ISS . 
L... 

.......___ GROUNDW 11ER 
I DEPTH 'HOUR DATE • 2 41.3 10.19-85 .... 

~ 40.0 09:30 4-29-86 JEGTACTEAM .... 



•• 

• 

• 

PROJECT MONUMENT VAlLEY SITE. ARIZ..· UMTRA 
TAU lNGS AREA 

lOB NO. MONOJ DATE ---:.l.:.:Oii~'04.:..:./..::'85~---
LOG OF WELL BORING NO. 668 

TOTAL DEP111 218.0 feet 
RIG 7YPF GARDNER-DENVER SVRFACEELEVA~n~awN~48~64~.2~7 ________________ __ 

TOP OF FILTER PACK...:1:.:6;.;.;7.=00=---------- BORING TYPE ROTARY MUD 
WEU. CASING 7YPE 4.0-1N.SCHED.80 PVC 
COMPLETION DeCHE.U..Y MEM . 

Depth Well 
Con. 

Remarks 

160~-~ 

x ~ Bentonite pellet seal 
~--~ ~ ~ installed f~62 to 167 

165 ~ ~ 

170+---~ 

175+---~ 

180+---~ 

185+---~ 

190+---~ 

195+---~ 

200+----1 

·: :; No.S-12 filter pack sand 
: placed from 167 to 215 
: feet. 

::~ :: I 

: :~ ; : .051-an. slot well screen 
~ ;~ ; ~ imtalled from 180 to 200 
·=~ : · feet. 
=·~ -: 
==~ :: :=!=:: :: : :~=: :: : :~=: :: 
:=~ :: 
::t= :: : :t= :; 
::I= :: 
::~ :: 

H~ H 

1111~ =·= ·: ::;:::: :: :::::: 
:::::: :== :; 
.·~ '• . :;:::: ;. 
:: :: Blank sump placed from 
:: : : 200 to 215 feet. 

i: li . .· 
: :: 
~ ~ ~ 

- G!lOUNDWATER 
DEPTH HOUR DATE 

¥ . 41.3 10-19-85 
! 40.0 09.·30 4-29-86 

LOCATION N 60171.40 E 88287.00 
DA1VM__ MSL,· GROUND SURFACE 

Lithology 

t:: 
:~.::(:1: 
. :. : . : . :. : ~. 
::·: :; . ~-: :. 

:·' : 
:::~L) 
:(:_:":·i: 

:::~·~·:>: 

\::::::) 
::. : . : . :. : ~. 
:~-~·\:;·, ·.·.·.·.·.·. ·.·.·.·.·.·. :::::::::::: 

!!!{~) 
:::::::::::: 
:::::::::::: 
:::::::::::: 
:::::::::::: 
:::::::::::: 

::::=:·:::. 
:::::::::::: 

~~~~~~~~~~~~ 
f}t 

uses 

SP 

Vuual Classification 

SANDSTONE,fine, medium orange 
brown • 

JEGTACTEAM 



PROJECT MONUMENT VALLEY SITE. ARIZ .• · UMTRA. 
, TAU,TNGS AREA 

JOB NO. MONOJ DATE --:l.::Oii.::'04..:.:.t,='85=-----
SURFACEELEVAU~D~N~~~·~2~7 ______________ __ 

TOP OF FILTER PACK_,l=::6-::-=7.~00~===--~==-----
lWlL CASING TYPF' 4 ~IN SCHED 80 PVC 
COMPLETION DeCHEUY MEM. 

LOG OF WELL BORING NO. 668 

TOTAL DEPTH 218.0/eet 
RJG 1YPF GARDNER-DENVER 
BORJNGnPFROTARYMUD 
LOCATION N 60171 4C E 88287. 00 
DATUM.. MSL: GROU~m SURFACE 

Depth ~:!~ Remarks Lithology uses Vuual Ckusification 
. 

::: 
110 

:: :; :: 
:: :: DeCBELLY SANDSTONE ': 
:,: MEM.,Continued. :: 

115 ~: 
X' Cave-in fill from 115 to 
><' 118 feet. 
><' ')< 

TD AT 218 FEET. 

120 

115 

130 

135 

240 

145 

1SO 

155 

260 
~ GROUNDWATER 

DEPTH YOUR DATE 
2 41.3 1~19-85 .. 
~ 40.0 09.·30 4-29-86 JEGTACTEAM ... 

• 

• 



• 

• 

• 

Page of 
LOG OF WELL BORING NO. 669 

PROJECT MONUMENT VALLEY SITE. ARIZ..· UMTR.A. 
TAU TNGS AREA 

roTAL DEPW 56.0 feet 
RIG TYPE GARDNER-DENVER 

JOB NO. MONOJ DATE ___.::l.::OA:..::::'OS:::..:;/,.::::::'8.5::.._ __ _ 
SURFACEELEVA~n~nwN~48~6~3~.1~9 ________________ _ 

BORING 7YPE ROTARY MUD 
LOCATION N 60146.30 E 88247.80 

roP OF FIL'IER PACK...:2::9;.:.:.00~ ........... =---,----,-,---------
'WEU CASING 'ZYPE 4.0-IN.SCHED.BO PVC 
COMPLETION ALLUVIUM. DATUM MSL,· GROUND SURFACE 

Depth Well 
Con. 

u 

Rmuzrks 

Installed 4-in PVC well 
to 56 feet 

Lithology USCS Vuual Classification 

r 

St----t 

10 Steel surface casing 
placed to 18 feet. 

IS 

Bentonite/ cement grout 

lO 
seal placed to 24.5 feet. 

Bentonite pellet seal 
lS t----1 ~ ~ installed from 24.5 to 29 

~===~ ~ ~ feet. 

30 
t----t Y; ~: No.S-12 filter pack sand 

: placed from 29 to 56 

40+---t 

4St----t 

SOt----t 

; feet. 

.OSl-in. slot well screen 
installed from 34 to 54 

feet. 

'-- GROUNDWA'IER 
[DEPTH 'HOUR DA'IE 

¥ 49.3 10-19-85 
! 49.0 13:00 4-28-86 

::.: ::: . :. ~: 

.;l,;:;:::: 
•.•.·.·.·.·. :::::::::::: 
:::::::::::: .•.·.·.·.·.· ·:·:·:·:·:·: ·.·.·.·.·.·. 
:::::::::::: 
:::::::::::: 
:::::::::::: 
~=~=~=~:~:~: 
:::::::::::: ·.·.·.·.·.·. •.·.·.·.·.·. •.·.·.·.·.·. ·.·.·.·.·.·. 

~r~~~J ·.·.·.·.·.·. 
~~~~~~(~~~ 
~=~=~=~=~=~: .·.·.·.·.·.· 
:~:~:;:~:~:~ 

rrr 
::::::::::: 

--------1 
SP EOLIAN: 
SM SAND, fine, nonplastic, moist, 

orange. 

SP ALLUVIUMIEOLIAN: 
SAND, fine, little reworked shale 

frag. nonplastic, orange. 

JEG TAC TEAM 



PROJECT MONUMENT VALLEY Sl1E. A.RIZ..· UMTRA. 
TAU TNGS AREA 

. JOB-NO. MON01 DATE __:.l~Oii..:::V5::..:.!.='85~---
Su.RFACEELEVATI~wn~N~~~·~1~9 ____________ ___ 
TOP OF F~TER PACK~2~9.:..::.00:::::.,_ __ ......,.. _____________ _ 
'MlL CASING zyp£ 4.0-IN. SCHED.BO PVC 
COMPLETION ALLUVIUM I 

LOG OF WELL BORING NO. 669 

TOTAL DEPTif-=5~6:,;. 0:-f(e~et==-=""==---------------
RJG 1YP.£ GARDNER-DENVER 
BORING TYPE ROTARY MUD 
LOCATION N 60146.30 E 88247.80 
DATU)A MSL· GROUND SURFACE 

-==--Depth 
Well Remarks Lithology uses Vuual Classijicalion 
Con. 

~ 

:~::·!~'Ill ~ Blank sump placed from 1-

ss :: 54 to 56 feet. 
;. 

TD AT 56 FEET. 

A 

e 

70 

75 

80 

~ 

85 

90 

t5 

100 

- GROUNDWATER 
IDEPTH HOUR DATE 

2 49.3 10-19-85 • .,.,. 
~ 49.0 13:00 4-28-86 JEGTACTEAM -



PROJ'ECT MONUMENT SITE1 AZ. UMTRA LOG OF CORE HOLE N . ~c 

MON01 1 
DATECOMPL. 03/15/85 

J'OB NO. 
RIG TYPE l.O-IN.SCHED.40 PVC 

• 
FRACTURE MEmOD BSAUGER 

1!: ~ . 
i~ ,~:~ CORE SIZE,IN. 6 5/8-IN .... CD 

~i ~ ~ !~I~ 
...J > GRID COORD. N IE NS8685. 7 E87189.4 > ct~ ct CD 

~ i ~~ 
.:v u 0 

HUI ... H s ...J SURFACE ELEV. FT. 4!01.1 
~~ :II!~ o:> Ul l~lg :l: 0 

UIO 

~ 
...J I~ ~ :l: liD uu 

!~ ~ 
E:U CD <teD 1- E: 

! ~~ ~~ I~ I~ l~lr ffic:l 'j ~ REMARKS STRA TIGRAPIDC DESCRIF110N 
u 

ffff SP SIIINARUMP MEM.; CHINLE I'M.: 
Core hole reamed to 5 SANDSTONE, med. to coarse, 

:::::::::::::::: 5/8-in. to imtalll-in yellowish grey. 
:·:·:·:·:·:·:·:· PVC well. - :::::::::::::::: 

5 .·.·.·.·.··:···· 

=:::::::::::::!! 

See log ~ for well 

- imtallation 

·.·.·•·.·.·.·.·. ·.·.·.·.·.·.·.·. 
10 ...-vv 'V 1-"' f\1 SHALE, with rme sand, tbnly - . ·.·.·.·.·.·.·.· SP laminated • ·:·:·:·:·:·:·:·: - ·.·.·.·.·.·.·.·. 

SANDSTONE, medium to coarse, 130 IX ·.·.·.·.·.·.·.·. ·.·.·.·.·.·.·.·. ·.·.·.·.·.·.·.·. mod. well c:emented,noncalcareous, :::::::::::::::: 
:::::::::::::::: ocrasional clayey matrix, mostly 

15 .&VV .&VV :::::::::::::::: cross bedded, yellowish grey 
·.·.·.·.·.·.·.·. (SYR,5/4). ·.·.·.·.·.·.·.·. 
{)){ 
:::::::::::::::: 

lO 
:-:.:-:-:-:-:-:· 

IX : ~: ~: ~: ~: ~: ~: ~: ~ ·.·.·.·.·.·.·.·. :::::::::::::::: 
- :·:·:·:·:·:·:-=· 

• (((( 
lS ''- .avv .&VV 31)1 ·.·.·.·.·.·.·.·. ·.·.·.·.·.·.·.·. 

r:-:"~ GP CONGLOMERATE, coarse sand to ~ ...... : .. ~ med. gravel, subrrounded, some .• •'\lilt' : 

1'\ ~ day matrix, sufficient porosity to v v t.;.;. '\lilt' : 
.30 3 IX ···~ 

lose circulation, meclimn yellowish 
brown (10YR,5/4). 

~ .I.VV wv 'l/// Cl MOENKOPI FORMATION: 
I I I ML ~ SHALE, with """"" sand, 1o silty, I I I - I I I crly indurated, very tbinnly 

' 35 , .. .&VV .. ..., 
3 IX i i I inated, greyish orange 

I I I 

10YR,7/4). . I I I 
I I I 

SR.TSTONE, with very fine sand, I I I 

3 
I I I 

ocrasional thin calcite stringers as X• I I 
I I I fracture railings, noncalcareous, 

40 
I I I 

I I I thinly laminated, very bard, yellowish 
3 IX I I I grey (5Y,7/l). - I I I 

I I I Note: with inter bedded greyish 
I I I 

\orange from 34 feet. Some pyrite in 
I I I ML 

4S 
I I I the matrix. 

.avv 'V 3 IX I I I Note: color change to reddish brown 
I I I \{10R,4/6) from 39 feet. - I I I 

I I I SR.TSTONE, dark reddish brown. I I I 

I I I - I I I 

50 
I I I 

31X I I I - I I I 
I I I 

t:vl" 'ThlDW ATER 

• nF.PTH ROTTR DATE 
:s::z 58.4 16:31 15:00 
~ 57.6 41--23-85 4-7-86 JEGTACTEAM -



MONUMENT SITE, AZ. UMTRA LOG OF CORE HOLE N . 608C PR01ECT 

108NO. MONO!, DATECO~. --~~~/~15~/~~------------------
RIG TYPE 2.0-IN.SCHED.40 PVC 

r---~--~--~--~----~----~~ 
> 1r~"~ iURE METHOD BS AUGER 

$ ~ ~ I iS !" GRID COORD. N I E N58685. 7 £87189.4 • 5 ~ . lffi :~~·~~~~~ ~ 'I CORE SIZE,IN. '5/8-IN 
m Ll Lll ~ a ~ ~ ~1"'1&};'" I ~ SURFACE ELEV. Fl'. __ 4:....;.90~1.=1;.;..;....;;~=.:;..;;_;;_ _____ ---i. 

' ~ I ~ ~ S ! ~ ~~i ~~~~~~ i g ~~=RE=MARKS:.:=:..:..:~=STRA~~T~I=G=RA=PID===c=D=ES=c=RIPT===.o=N===-
-t--t----il----t-+--t-11-+-tf;: MOENKOPI JIM., Continued. 

~~~~~===**-~#~f:~~··,h~.J--------.l Note: Becomes soft, more moist, 
55 ~t-_ ... ··--1--.... -t---t-lf-"3~fd-'lx~, m \from 54 feet. 

SM Sn.;l~l_U.f'll~ AND SANDS'l.UN~, 
~ 
i 

A I-+---+--~--~~3~1~X*+~~--+-------------~ 
-~---~~~---+~~~ 

70 l_ IX 
-·~---~~-4---44-~~ 

-t---t----il----t-+--t-11-+-1 
:-· 

interbedded, yellowish grey. 

Note: Increase in sand, sandstone is 
lt. grey. 

Note: less siltstone interbeds from 72 
ft. 

. SMu;:, lONE, coarse to rme, dark 
reddish brown. 

80 

~ 1:_:- .avv " ~~;_~ 
1- [:~;_~ 

90 

1-r-_,--+-~~~~~~.:.....~ 
1- ~~.:.....~ 

" ... ...vv ... vv lii:JIII!I!I!IIi 
-~---~~~---++-++~; 

,_ t-----1-----1--+--+-+-+--t:·:· 

100

- ~~~ :i.i:i:-:.1!::· 

--- GRCUNDWATER 
DEPTH HOUR J>ATE_ 

:sz 58.4 16:31 15:00 
i 57.6 .-23-85 4-7-86 

Note: Color change to vfrY lt. grey, 
massive, from 78 ft. 
Note: Alternating color bands from 
very lt. grey to pale red from 80 ft. 

DeCBELLY SANDSTONE MEM., 
Clm:ER FORMATION: 

SANDSTONE, coarse to med., 
dune deposit, cross bedded, lt. 
brown to med. reddish brown 
(10R,4/6). 
Note: Lost circulation at 91 ft. due to 
porosity or this formation. 

JEGTAC'IEAM • 



PR0.1ECT MONUMENT SITE1 AZ. UMTRA LOG OF CORE HOLE N . ASC 

MON011 
DATECOMPL. 03/15/85 

J'OB NO. 
2.0-IN.SCHED.40 PVC RIG TYPE 

• 
FRACTURE MEmOD HSAUGER 

> 
r:4! ~ ~ ~~~~ 

CORE SIZE,IN. '5/8-IN 

~~ ~ ~~~~ 
..J > GRID COORD:.-·N IE NS8685. 7 E87189.4 

~~ 
ct~ ct (!) 

E :~ ,tv u o· 
HL&J 

~ 
H ..J ..J SURFACE ELEV. FT. 490],] 

i~ II 
0:::> 

I~ ~~~ 
::r: 0 0 

L&JO 

·~ 
Q. ::r: ID ucn z::u (!) C[(!) 1- z:: 

i5 ~~ I~~ ~~ ~ I~ ~~ ~ .~ REMARKS STRA TIGRAPIDC DESCRIPI'ION I~ 

105 
·::::::::::::::: 
:::::::::::::::: ·.·.·.·.········ .·.············ - :;:;:;:;:::::::: - ·.·.············ ·.·.·.·.·.·.·.·. - ·.·.·.·.·.·.·.·. ·.·.·.·.·.·.·.·. 

110 
:·:·:·:·:·:·:·:· 

451): .·.·.·.·.·.·•·. - ·.·.·.·•·.·.·•·. 
- :::::::::::::::: .•.·.·.·.·.·.·. - :::::::::::::::: - ·.·.·.·.·.·.·.·. ·.·.·.·.·.·.·.•. Note: color change to variable lt. 

115 ·.·.·.·.·.·.•.·. ·.·.·.·.·.·.·.·. brown and greyish orange. :::::::::::::::: 

-
·::::::::::::::: ·.·.•.·.·.·.·.·. ·.·.·.·.·.·.·.·. ·.·.·.·.·.·.·.·. ·.·.·.·.·.·.·.·. :::::::::::::::: 

120 
:·:·:·:·:·:·:·:· 

TD AT 120 FEET. 
' 

• 

-- GRC,UNDWATER 

• Dto:PTH HUIJK DA.TE 
sz 58.4 16:31 15:00 
~ 57.6 1-23-85 4-7-86 JEGTACTEAM -



PR~J'ECT MONUMENT SITE1 AZ. UMTRA 
~el or 3 

LOG OF CORE HOLE N . 610C 

.TOBNO. MON011 
DATECOMPL. ll/03/84 

2.0-JN.SCHED.40 PVC RIG TYPE 

I,.KH~IURE METHOD BSAUGER 

i ~ ~~~~~~ CORE SIZE,IN. 6 5/8-IN 

~r 
~ 

il' ~ 
GRID COORD. N IE NS6338.8 £88611.6 • 

rE i !~ ~l~~ ~~ SURFACE ELEV. FT. 4860,8 

i~ ~s ~ ~ ~li ~~~~~~ !~ g ~ ~ !ii 1= r:; l~lr REMARKS STRATIGRAPHIC DESCRIPTION 
• 

v 

1111.1·11111111 

SP EOLIAN: 
Core bole reamed to SAND, fane, dry, med. dense, lt. 
4.5-in to install 2-in. reddish brown (5YR,513,5/4). 

PVC casing. 

JS 

11.···111111111 

See I~ 610 for well :- Note: Very Moist at 6 feet. construction log. 

""': 
Note: Water table encoountered at 8 
feet. 

10 

11111111!1:1111 

15 

jliilillllililj -
lo 

111111111:11111 

-
11; -
" -

-
25 

liili::iiii:i:i 
-., -

30 
~( 0 0 
~( 0 0 [:::::::::::::::: 
1- r:::::::::::::::: 
1- ~J~j~j~j~j~j~j~: 

SP SHINARUMP MEM., CHINLE FM.: 
SANDSTONE, med. grain. mod. 

35 "( 9K _86 120 bard, mod. weathered. thick bedding, 

!i'::i:ii:i:i:. 

brownish red. 1-

1-
1-
1- ~::::::::::::::: Note: Med. grey lem at 39 .5 to 40 

40 "( 100 95 

l:.,:lliillilll 

feet. 

1-
1-
1-

45 

ll·lillillll:i: 

1-
1-

1-
1-

so "( 100 93 3 i:X [ffJ -- GRG UNDWATER 
U~YIH HOUR DATE • sz 5.4 08:30 11:59 

~ 5.4 4 ~23-85 4-6-86 ... JEG T.AC 1E.AM 



PR01ECT MONUMENT SITEI AZ. UMTRA LOG OF CORE HOLE N . 610C 

MON011 
DATECOMPL. ll/03/84 

.TOB NO. 
l.O-IN.SCHED.40 PVC RIG TYPE 

• 
FRACTURE MEmOD BSAUGER 

r;z 

!~ i i ~ ~ ~[;z; 
CORE SIZE,IN. 6 5/8-IN 

~ ~tri 
~ > GRID COORD. ,N IE N56338.8 E88611.6 > 8 

t~ 
eta:: ,v u 

li ~~ .. H 

~ 5 SURFACE ELEV.IT. 4860,8 
~ ~ ~~ 

X 
O~H ~8 ~ 

0.. uu Cl) I (t(.!) ~ ~ ~i5 ~il~ ~ ~~ ~ Hi'3 REMARKS STRATIGRAPIUC DESCRIPTION Si ~, 

- ttmr~ Note: Color change to elk. brown - ·::::::::::::::: (10YR,8/4). 
55 

tmtt -
- mmmmm 

SHINARUMP MEM., Continued. 

60 ·:·:·:·:·:·:·:·: Note: Occasional clast or siltstone. 
lie 100 9S 120" ·::::::::::::::: 
-

:::::::::::::::: -
-

65 
: ~: ~ :~:; :;: ;: ~= ~ 
:·:·:·:·:·:·:·:· 

~l~I~~~~f~ 
70 

:-:·:·:·:·:·:·: 
~( 100 so 10 IX :::::::::::::::: 

:·:·:-:·:·:·:·:· 

• 
lie 60 so I'X 'l"/~ CL SHALE, yellowish brown to grey. 
lie 100 0 I:' 0: SP SANDSTONE, very fine grained, 
~c 1M Q~ 

.• •',• 

75 
lUi I 'X '. --... grey; With thin interbedded lemes or ~( 100 40 .. ·.·· .. .. --

• I;' •: grey shale. ~( 100 so .. · .. · .. · .. 

~( 100 100 7 [JI 
':. ·: : 

:·:·:·:·:·:·:·:· SP SANDSTONE, very fine, greyish rtii 1Qf1 111 white. 
80 ~( 100 95 ·:·:·:-:-:-:·:·: 

31:11 Ifff 
~: ~: ~: ~: ~= ~: ~: ~: 
·:·:·:·:·:·:·:·: 

85 ·.·.·.·.·.·.·.·. 
:::::::::::::::: 

•,.,....-;:_, ~·J i\ CONGLOMERATE, with fine to ~c 108 95 

~ 
-
CL coarse _~!!_vel, well cemented. 

- SHALE, lt. grey. 
90 ~( 100 97 

~ 
CL MOENKOPII'ORMATION: 

~c 100 9S SHALE, reddish brown. 

-
95 

~ 
-
-
- ~ 100 

~ --
---

GROUNDWATER • UI'.:YIH HOUR DATE 
sz 5.4 08:30 11:59 
I 5.4 •t-13-85 4-6-86 JEGTACTEAM .... 



PROJ'ECT MONUMENT SITE1 AZ. UMTRA LOG OF CORE HOLE N . 610C 

108 NO.· MON011 
DATECOMPL. ll/03/84 

2.0-IN.SCHED.40 PVC 
. 

RIG TYPE 
ltKR~(lJRE METHOD BSAUGER 

i ~ ~~~:~~ CORE SIZE,IN. 6 5/8-IN 

r ~ II~ 
GRID COORD. N IE N56338.8 £88611.6 

~m i ~r 
~ ~ .~~~ SURFACE ELEV. Fl'. 4160,8 • ~ ~ ~ s ~p ~li 1~~~~~ is ii5 ~ ~ ~ l5if!l;. REMARKS STRA TIGRAPIUC DESCRIPI'ION 

105 r//// 

~ :- ~ :-
110 

~ -
-
,_ 

us R:::::::::::::: SP SANu.,1 ":'~r.:' Vf!!rY fme, well 

!:::::~:::::::1 1- cemented, reddish brown. 
1-
:-
1- ::::::: 

1lO 
!:·:·:·:·:·:·:·:· 

iilil!li!Ji!iil 

Note: Becomes moderately 1-
1- cemented at 120.5 feet. 

1. 1- Note: thin shale bed, reddish brown ,_ at W feet. 
us 

jilillili!iili! 

,_ 
1-

1-. 
1-

130 . 
TD AT 130.5 FEET. 

c 

., 

-- c:vr 1UNDWA TER 
DI':PTH ROlTR DATF. 

2 5.4 08:30 11:59 • I 5.4 ~13-85 4+86 JEG TAC 1F.AM .. 

---



• 

• 

• 

Patel of 4 
PR01ECT MONUMENT SITE, AZ. UMl'RA LOG OF CORE HOLE NU. 611C 
.TOB NO. MONOI. DATE COMPL. --=203::.:../0:=S;.:.::/85=----------
r--___,l""""'''"'---.--....---..----.....--....----l RIG TYPE .O-IN.SCHED.40 PVC 

~OD -~C~O~RE~/~R~O~T~AR~Y~------FRACTURE § ~ tD ~~1;z; CORE SIZE,IN. 6 -IN 

~ 
•• ~ ~ ~ <t~ ~~~~~~ H § _, GRIDCOORD.N/E NS7811.0E89017.S 

, .. w~ a z H ~ .. ~ 1 
0 0 SURFACE ELEV. FT. 4846 4 

~ I~ ~ o :lit: ~ ~. o ~ ~ ~ ~~~~ ZE :J: !~.-====-=:::.:::..;:~~·~===================-~ u u 1 g ffi z::· frl ~ (!) 11- ~lc cz: (!) ~ n ~ ~ I~ l'3 ~ ii: ~. lf It; !r= ~ 9 ~ rn REMARKS STRATIGRAPHIC DESCRIPI'ION 

·' 

~to 

See log 611 for well 
construction log. 

-.---+--....... -++--++-+-f.:::l.llljl"l.lii 
15 1-+--~--~--~~~~~~--~------------~ 

-+---+--+--++-+-+-+-t!i!li!l·l·l·li:: 
~ 1-+--~--~--~~~~~~~~----------~ 

+-----+--+---+-1---+-+-H!i·i·:!!··i·l·l· 
~ 1-+--~--+-~~~~~~~~------------~ 

-+---1---+--+-+-++-1---1····:\lll.lil.ll 
~ 1-+--~--+-~~~~~~~~------------~ +-----+--+---+-1---+-+-H}ff} 

+---lr---+--++-++-H::::::::::=:::::= 
35 1-+--~--+-~~~~~~~~------------~ 

._...---1,._--+---+-+-~-+-f.·l:l.l,l:l.l:l.l 
40 1-+--~--+-~~~~~~~~------------~ 

..---1----+--+ ....... +-+-+-t:·l,l.\:!:!:1=1: 
~ !-+--~--+-~~~~~~~~------------~ 

+----1~-+--++-++~.l.!:l·l,l:\il:: 
~ 1-+--~--~--~~~~~~~------------~ 

-+--+--+----~-+-1f-Htftt 
t:Rr 1UNDWA TER 

DEPJ"H ROITR DATE 
i 10.7 U:4S 
~ '-7-89 JEG TAC'IEAM 



PR01ECT MONUMENI' SITE1 AZ. UMTRA LOG OF CORE HOLE N . 611C 

roe NO. MON011 
DATECOMPL. 03/0S/85 

2.0-IN.SCHED.40 PVC RIG TYPE 

lr"KHt..(URE MEm'lD CORE/ROTARY 

i ~ ~~;;~ 
CORE ~.ZE,IN. 6-IN 

~~ 
~ 

II ~ 
GRID C.OORD. N IE NS7811.0 E89017.S • i! " &1.1 0 ~~ . SURFACE ELEV. FT. 4846,4 

i ~~ s ~li~~~~ !~ g REMARKS STRATIGRAPHIC DESCRIPTION !z! :~~in 

- !l~l~l~lj~ji: 
55 

111111! !lllllll 

-
-
-
-

60 
t::::::::::~~:~: -
E~~~~~~~~~~r: 
[ftt: SP SIIJP!lARITMP ~M. U1JnLE I'M. 

65 SANDSTONE, rme to med, with 
II{ 100 71 3 IX 

llllll!l:llllll 

conglomeritic layers, soft, with 
hematite and limonite stain, lt. grey 

- to yellow to orange. 

- 3 !:X 
70 

IIIIIJiiillllll 
- 3 IX 

.;, - 3 I :X -
,75 « 100 71 3 IX 

llliilJlilillll 
- > 

;;. - Note: Less altered in fractures, less .• - 21; IX weathered, becomes mod. soft. 
80 

lliiJlJillllll! 

- 120 IX 
'·4· 1-
~' 1-

110 IX 1-

85 ~( 100 79 

IIJlilllllllll! 

Note: Unifonn grain size fine to 

1- 120 I :X medimn, no conglomeritic layers. 
Sericite mica on fracture x•anes. 1-

3 I :X Becomes mod. bard from 85 eet. 
1-

M 

llljllli·:::::: 

1-
1-

3 ~ 1- Note: Occasional carbonaceous 
1- material, from 90 feet. 

" ~( 83 66 3 IX 

lllilllllll.lll 

1-
XIJI 1-

1-
100 [ftJ 1-

1-
~::::::::::::::: SP 

7 DJt!." ;;.;;~~·soft. to ~m.e· with 1-
3 lXV///: S( 

__ :- GR()UNDWATER 

U~YIH ROITR DATE • 2 10.7 12:45 
~ ~7-89 - JEGTACTEAM 



PR01ECT MONUMENT SITE2 AZ. UMTRA 
rct.e3 or 4 

LOG OF CORE HOLE N . 611C 

MON011 
DATECOMPL. 03/05/85 

108 NO. 
l.O-IN.SCHED.40 PVC RIG TYPE 

• FRACTURE METHOD CORE/ROTARY 

5~ . 
~ ~~ CORE SIZE,IN~ 6-JN 

> ai ~; ~ 
~ ~·t:J 

-e. 8 GRID COORD. N IE N57811.0 E89017.5 

~~ i ~; ~ 
,v ~ 5 5 SURFACE ELEV. FI. 484614 

88 ~~ ~~ ~ ~ ~·~ Q. 5 ~ tD G:tD 
~~ ~~ I~~ I~ ~ 85'3 REMARKS STRATIGRAPIUC DESCRIPI'ION ~ :I .~.i"' 

105 
r//// '«rey. 

~( 92 75 ::::::::::::::: SP I SANDSTONE, sbaley (indicated 
0 i:X .·.·.·.·.•.·.· by trphy.log). - ·:·:·:·:·:·:·:· 

- ~=~=~ =~ :; =~ =~== ote: core not recovered from this 
- . ·.············ p.one • .·.············ 

• 

110 ~( 30 30 0 D!;l 
., SANDSTONE, with conglomeritic 

I I 

zones, pyrite common, slightly I I I 

- I I I calcareom, lt. green to lJ.Y. I I I .. I I I Note: Basal portion of hinarump I I I 
I I I \Member at 108 rt. as evidenced by 

115 
I I I 

pebbly chert conglomerate, rounded. ~( so 41 3 IX~ CL 
MOENKOPI I'M.: 
SU..TSTONE~h grey, very 

~ clayey, slightly careous, sort, 

120 
!&" ...... .:..h grey to 1 U, variable yellow 

3 X~ 
l_rey to clark reddish brown. 

CLAYSTONE, silty, with interbeds 

~ or siltstone, cross laminated, 
calcareom, mod. soft to mod. bard, 

us clark reddish brown. 
~( 100 77 v/~ ML ~ote: artesian now encountered as 

- /{; CI; aystone aquitard penetrated. 

1.//'/ SILTSTONE, clayey, with minor 

: ~= ~: ~: ~: ~ =~: ~: ~ SP ~nonclayey lenses, reddish brown. 

130 SANDSTONE, very fine, lt. grey, 
:·:·:·:-:·:-:·:· r:th interlJeds of reddish brown 
I I I ML claystone; calcareous, mod. sort to 

ll~ 
I I I 

I I I od hard. 
I I I 

I I I SILTSTONE, clayey, hard, mottled I I I 

135 ~( 100 73 
;~rrmm 

SP 
,red-brown to lt. grey. 

SANDSTONE, fine to med. clayey, 
calcareom, pinkish brown to .;:;:;:::::;:::: greenish ~. Occasional variable ·::::::::::::::: - ·.·.·.·.········ seams or dish brown to bleached. 

140 ·.·.·.······•··· 
~( 100 100 l :X ·::::::::::::::: 

- ·::::::::::::::: .·.·.·.·.·.·.·. - ::::::::::::::: 
- ~~ ~~ ~~ ~~~~ ~~~~ ~ Note: Mottled at 143, hard. 

145 
~c 100 91 

:l!l~l,ii!J!ll·i 
Note: Bec:omin8 coarser rrom 145 rt., 
calcareom. -

30 " -
-

150 

:::::~::i:i~iii: 
-
-

" ::::::::::::::: 
ISS ·.·.·.·.·.•.•.·. 

IIC 100 100 I :X ·:·:·:·:·:·:·:· 

• GRC 1UNDWA TER 
ur~r• n HOUR DATE 

:sz 10.7 U:45 
~ 6-7-89 JEGTACTEAM -



PROJ'ECT MONUMENT SITE1 AZ. UMTRA LOG OF CORE HOLE N . 'uc - 03/0S/85 
10BNO. MON011 

DATECOMPL. 
2.0-IN.SCHED.40 PVC RIG TYPE 

r"~fURE METHOD CORE/ROTARY 

i ~ ~~~~~~ CORE SIZE,IN. ,_IN 

~~ ~~~~ e II 
GRID COORD. N IE NS7811.0 E89017.S • d ~ ~ ~ 
SURFACE ELEV. FT. 4846,4 

II ~H IS ~i~~~ _§ REMARKS STRATIGRAPHIC DESCRIYI'ION ~ 15~ fn 

1-· 

!i!:!.!.i'i:l:l 

SP DeCJIEil.Y MEM.,CUI'U!'.R I'M: 
1-· SANDSTONE, rme, cross bedded, 
1-· mod. soft, reddish brown. 

160 

1111.1111=1:.11: 

:-· 
1-
1-· 

;-· 
u:c 

Ill\ 100 100 
1-· 
,_, 

:-· 
170 

~ ::::: 1-· 

-· 
1-· 
1-· 

175 
~c 100 100 

llllllllli!jijl 
,-. 

' 
1-· 

'-· 
180 I :X 

1111111111111111 

;-· 

1-· f, 
' '-· 

:-· 
185 IX TD AT 185 FEET. 

•: 

-- GRC1 UNDWA TER 
Dto:I'TH HOUR DATE 

:sz 10.7 U:4S • ~ r.-7-89 JEGTAC'IEAM -



PR01ECT MONUMENT SITEI AZ. UMTRA LOG OF CORE HOLE N . '13C 
MON01 1 

DATECOMPL. 03/0S/85 
J"OB NO. 

2.0-IN.SCHED.40 PVC RIG TYPE 

• 
FRACTURE METHOD CORE/ROTARY 

~~ 
~ ~ ~ ~ 

CORE SIZE,IN. ,.JN 

im ~ I~ 
~ > GRID COORD: N IE NS6377 .8 E88643. 7 > ct~ ~~ g 

E li ~; 
(.) 

~~ .. H 

~ 5 SURFACE ELEV. Fl'. 4860,8 ~~ UJ llh 
I~ 

:1: 

~iS 
88 I~; ~~ ;I ~ I~ S:t!) 

tj ! STRATIGRAPHIC DESCRIPI10N ~~ ~ IS! I~ ljj ffi'3 REMARKS 

lOS Y/// CLAYSTONE, with minor 
~( 100 " 1Cl IX 

~ 
interbeds or siltstone, dk. brown. 

- Note: One foot layer or sandstone at 
100 feet. 

o I:' •: g h Note: Closely space fractures at 103 .. ·.·· .. · .. 
:1(1 IY • I: • •: feet. 110 .. :. ·: Note: Thin seam or sandstone at 103 - • • • • • • 0 

~feet and at 104.5 ft.. • I: • •: .. .. •',• 

~OENKOPI,Continued • o I:' •: . . . . . . . 

• 

• I: • •: CLAYSTONE/SANDSTONE, .. . ... 
115 ~( 99 84 IUl IX 

:iiiiiiiiiiiiiii 

oJI.£ 
interbedded, mottled dark brown and 
It grey respectively. 

- Note: lntensly fractured at 110 to 111 
feet. 

- :::::::::::::::: Artesian now from borehole, 1., 
120 

;:;:;:;:;:;:;:;: 
~. during drilling. 

:mmmmm - SANDSTONE, fine to coarse, trace 10IJ! 

i! i! iii!~~~~~~~! 
to little day, calcareous, elk. brown 
to pinkish white. 
Note: Color change to pale yellow at 

us Nl 100 90 10 IX ::::::::::::;:;: 120ft. 
:·:·:·:·:·:·:·: Note: Color change to dark brown 

. ~ ~ ~ ~ ~ ~ ~~ ~ ~~ ~ ~ ~ ~ with varying amounts of day/shale 

WIW/i 
seams from m feet • 
Note: Color change to reddish 

130 
12~ x:::::::::::::::: brown, dean, friable, calcareous 

::··:·:·1,1\\i 

from US feet. 
DeCBELLY SANDSTONE 

65 IX MEM.,CUI'LER Ji'M. 
(Probable contact) 

135 1-J( 40 0 :::::::::::;:::: SANDSTONE, fine to very fine, cross 

~ ~; ~ ~ ~ ~ ~~~ ~ ~ ~ ~ ~; 
bedded, with limonite cementation, 
yellowish brown. 

: ~ ~ ~ ~ ~ ~ ~~ ~~ ~ ~~~; Note: Color change to tan. 
-

140 
·::::::::::::::: 

- :::::::::::::::: 

::::::li::::::: 
--

TD AT 144.7 FEET. 
Artesian now at 2.0 JPID at 
completion of drilling. 
Packer set at 130.3 feet had S gpm 
nowing through pipe. 

-- GRC 1UNDWATER • DF.Pl'H HOlJR DATE 
2 0.0 F OWIJI GU:OO 
~ 5.2 ~19-85 2-26-92 JEGTAC'IEAM ... 



PR01ECT MONUMENT SITEI AZ. UMTRA LOG OF CORE HOLEN . '13C 

10BNO. MON011 
DATECOMPL. 03/05/85 

l.O-IN.SCHED.40 PVC RIG TYPE 

rKR'-'{URE METHOD CORE/ROTARY 

~ ~ 
-

~;;~ 
CORE SIZE,IN. ,.JN 

~~ ~ ~ 
~5 

II ~ 
GRID COORD. N IE N56377.8 E88643.7 • ~! li 

a h SURFACE ELEV. IT. 4860,8 

~ I~ ~r ~i~~~ !$ g -
~ ~ !E ~lrl :s REMARKS STRA TIGRAPIDC DESCRIPTION 

1-· ~~:~t 
55 

SHINARUMP MEM.,Continued. 

ililill!llllllll 

1-· 
1-
1-
1-· 

60 

·l·ii·i'jil!·!jj 

1-· 
1-
!-
1-· 

65 

llllllililililji 

1-
1-
1-
1-

70 

lili!illilllllll 

1-
1-

·'· 1-
1-

75 

lt\tf 1-
1-

iliilljjjjj~j 
SP Note: No.!"-until ~ring ., 

iiC 100 100 at 77.8 feet. 
80 SANDSTONE, fine to medium 

1-

!i!llli!!!!!llll 

grained, cross bedded with hematite 
-· 10 IX and limonite common, 
:-· noncalcareom, lt. grey to yellowish 

~ brown. :-

85 ii( 100 85 1r~r~r~~ Note: Thin seam of black chert 
- lO IX 

~ 
CL 1\:::~e cong. at base of Shinananp 

-
- M\.._, __ ... n \TION: ,.. 

y~ 
CLAYSTONE, with fmely 

disseminated pyrite, reduction - environment, mod. spaced fractures, 
« 98 0 slightly calcareous, p-eenisb grey. 

95 
18 Note: Color change to reddish 

ii( 100 14 ~!~ ~ 
brown, dosely spaced fractures. 
Note: Color change to dark brown, 

~ 
-- becomes micaceom, dosely spaced ,_ CL 

If'; ..... --: =':.with minor seams of lt. - ..... -"&..: _, sandstone. 
100 

X~ 
SILTSTONE AND CLAY ~TUN.t., - 10 ...--_._ .. .. ... calcareous, lt. grey to 

\Ilk. brown. -
GRC UNDWA TER 

UI!;YlH ROTTR DATE 
sz 0.0 Fl O_Wn Gll:OO • ~ 5.2 ~19-85 2-U-92 JEGTAC'IEAM .. 



,. 

• 

PRO.TECT 

.TOBNO. 

MONUMENT SITE, AZ. UMTRA 
Pqel of 3 

LOG OF CORE HOLE NO". 613C 

MONOl • DATECO~. --~~~/0~5~/~~-----------------
~---,--r----.-----r---~----~--r---1 RIG TYPE 2.0-IN.SCHED.40 PVC 

MEmOD CORE/ ROTARY 
CORE SIZE,JN~ 6 -IN 

g GRID COORD. N IE NS6377.8 E88643.7 

m 5~~==~A=CE~E=L=EV~·~FT~.~~~=·8~================~ 
tj ~ REMARKS STRATIGRAPHIC DESCRIPI'ION 

Core bole reamed to 5 
5/8-in to imtalll-in PVC 

well. 

See log 613 for well 
comtruction log. 

+-----t--+---+--+-+-+-+-t:
1
lilil··:1.1.1! 

10 !-+--~--+-~~~~~~~~------------~ 

+----+---+---+-1---f-+-H.j.!!j.!ii.lj:j: 
15 !-+--~--+-~~~~~~~~------------~ 

-+--~--+---++-++4-ll·llllJ!Iilil·i: 
~ 1-+--~--~--~~~~~~---+--------------~ 

+----+---+---+-1---f-+-H. !i·illlliJ·1:11: 
~ !-+--~--~--~~++~~~--*-------------~ 

+----+---+---+-1---f-+-HJiililill.lll.ll 
~ 1-+--~--~--~~~~~~---+--------------~ 

+-----1---+---+--+-+-+-H:~~~~~~~~~~~~~~l~ 
t----+---+---+-1---f-+-H;~rr~t~ SP 

35 1-+--~--~--++~++~~~--*-------------~ 

+-----1---+---+--+-+-+~:I.JII,i·l:l!::! 
40 !-+--~--+-~~~~~~~~------------~ 

+-----1---+---+--+-+-++-t;.,,,,,,,.:.l,l: 
~ !-+--~--+-~~~~~~~~------------~ 

t----+---+--+-l---f-+-H·III.I.I,"1."J:. 
~ !-+--~--+-~~~~~~~~------------~ t----i--+--++-+++t\fft 

GRr1UNDWATER 
UU'TH HOUR DA. TE 

:SZ 0.0 Fl OWU G U:OO 
I S.l -19-85 l-26-92 

EOLIAN: 
SAND, fane. lt. reddish brown to 

tan. 

SBINARUMP MEM., CHINLE I'M.: 
SANDSTONE, medium to coarse 

grained. See log of nearby well 610 
for clesaiption of materials to 78 feet. 
Not recorded for this hole. 

JEGTAC'IEAM 
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. 

. .. · 

. , 
! •·· .. 

.·· ... 

. ·• 
. ., 

:~ ';. 

·. ·. -: .. ·· 

.. .. .. 
. . 

PIEZOMETER. OR WELL COMPLETION 
_RECORD 

_.·. . ·' ·.-; 

.. ··:· 

. . . 

. ~- ~--. ~ .... 
. ·.·.-:~ .. 
·. :.::· 

!" •••• 

~ ..... 
.'_l 

J,, ; . · .. 
· .... 

·. :: .. _'': ·.~:-. · ... 

. .. 

.. 

. . , . ·. 
_:-· .. 
~ .. . 

. ' .. 
.. ·' 

. ~- . 

RECORD ALL DIMENSiONSl 
• .. · ~. ~. :-· 

. .. 
. . •• .. ~ 

. .. . 

... ., 
1;. 
, 
~ 

r 
""' .. 
> I 
~ ... ... 
'r 

, ... 
lJ 

i , ... 
l: 

, 
' .... 

""f ;, ~ 

... .. 

'IYPE OF 
'BACKFILL 

.51l!JD · 

DIAMETER& 
TYPE OF CASING 

'" . ·, .. • · .. · . .. . . 
'·. ·. ... ; ~ · .. . ,; 

HT. ABOVE 
GROUND: 

... 

. .. · . 

. . ·. 
. " ' ·. . . . 0' ~- . : ; : 
. : .. 
: . . ·,.1. . 

~ ... 
. : . 
.. .. 

·. : ' 

BENTONITE 
SEAL 

70TAL 
c·.-.~EPni. 
(~ 

'· 

::-· .. ..• ··: 
=:~· -=- ... , ..... -=- ·: ··-·· ,.: . ..=. : . 
~. - .·. ... 

... 
~ .. -··. ·.._ . . . .. . 

.. ~:~~---. 

.. 0 :.:·_. 

.. · •--:.. . . 
· ..... 

·": .· 

.. . 
.. · •.. 

.. . 
.. · .. · 

, : ~ . . . .. .: .. 
~- ~·-·?'·.:·.:·= -~-

SAND...__ __ ~ 
OR 

GRAVEL 
·PACK 

(circle 

•.': -::- : . .. -.·. ·.. - ... 
:· - .. 
~- -=- .. :. ... ~ ·•·. - .. .. ~ ·.·. 
" - . : -=- :( .. -. 
~ - ·· . ···-·· 

. .. .. 
i": 

. . : . . . · . 
,•: .. . ,, 

•• ~.;:--:. ·!""' •• .;;I! : . . . . 

. ':·;· i :! . . ... J/1,{'{. · ... ~ .. 

. 
if.J" i.i ~<' SLOT 

i..ENGTH 

· .. 
.. · . . .; 

; . .. •: .. 

~.\:·.'WELL OR PIEZOHETER tMIDER Z .. . 
-::.. . ,. -

_.,._ · . .-·?·SITE LOCATION /IJetri 11iu ltlfY :.;· 
GROUNDl~A!ER LOCATION '· tVd,_.; ... :: . ; . ·,._ 

• ¥ •. ·. 

.. . :_~--- \ ... 
0 • -~:_::_ 

.. •• ~ 0 • 

-: •. -~7? :- :~ 
~- . 

~ . ":;: .. '·: ~ :~.::_ . . •.· 

:. ::. 
·. 

.: .. 

. ·· 

.'\• 

·. . . 
CO'HHENTS: 

.··:. :·. :•; .. 

. . . . ' 
. .. ·.~\Bl 
. ~ . l 

• :• ·: . : •·. =.J.. . ·•• ~' .... ~ . 

. ., . 
· ... ·. 

. . 

-~·: .-~~ :"· ... . ··.' ·:. ;c>· ~~~i;~ ~-::~: .. ;;._~ :;,~_";:i 
..... -··--·-·----------·-··---·-··· .. ·· --·-··--·· 



.: ··.· . .. . . .. ·. PIEZOMETER OR WELL COMPLETION 
RECORD 

... 
.· ·•' •. :····00 ~:!.~oo .~.:.-.·.: .~ : 

.. ·. . .. · 
. ,_. 

. ~ . . o, •• . _, .. ( . • • • •. :~ ~- 0: i.: . ..... 
. . • 

· · ·. • ... GROUNl> SURFACE 

I ~ 

TOTAL 
( DEPTH 

l • \ .... 
\ :.· 

.. · 

-.~. 
. ~·: . 
. · . 
:• •• :· 0 •• s. . .. . 0 :0 .. 
~ .. 

.. 
. ·-h 

'• 
' 

' ~0· • 

.. 

~ ·.· ·' 
. . . ~·· '! ... ; 

•" . ~-. :' .. .. 
; . 

RECORD ALL DIMENSIONS! 
• • • 0~. :· •• ••••• • 

... · ... 

I 
~ 0.() •. 

.... . •: 

·'· 

. . .. ·. 
··. ·.: ·' ... 

'· . . ~ . · .. 
·~. 

.. 

e) 

... 
" 't. 
~ 

I 

1. 

·. , . 

·~.~··· 

, ... 

"I.. ... 
I 

.. . .. . ... , 
... -:.:: ..:.. ... . . . . . . ,·.· -::- : . -.·. .. ... 

. . 
.. •. ·.·· -·· 

" : - .·~· 
·-· 7 ~ ... 
··: -··. 
. .. 

. . : 
• . · . . .. 
... . 

I I 
c,.._ ........ ~, • ............ 

.. . ...... :: Jd,(i' 
·.. .. ,. 'o·· 

. .· -~ 
· . 'WE~ OR PIEZOHETER NUMBER ~ 

DIAMETER& 

TYPE OF 
'BACKFILL 

riPE OF CASING 
• . • :, ... i·. ; 

.. ; . . ::~-: 
0 ... ,o 

. . . 
•.·. ~ .. 

.:~~ ~ • • •• ••• o. .; • 

0. •• ~0 ~: • • •• :. •• '. ~~ 0. • 

..... ; . ·._ ~~~-~~- ~·: :: 
•• .. • !• . o • I' 

·'·t. l rl • 

'"' . . •· ·. :.· ~ ··.·~·· .. ! ... ·; .. 
,.. ··""'" . : l ~ ··, /r r (... .!~('t.Y.) •••• o. 

1 

BENTONITE 
SEAL 

.-

'• 

; . 

.... 

... •· •• 1. .... 

0. ~ 

• "!: •• 

. 
I '•, I ,:• 

; . 

..1"\, 

···•. : .~ . •' 
· .. ·. 

'o ~ 

. ;. 
4:. 

'o I,';. 
. ... 

.· . 

. .. 

. ~ ..•. ~ . ; . :-::;::= SITE LOCATION ~ .. -,.;,_,,, rf~ . .. 
CROUNDl~A~R LOCATION 

0 •• ...... 

• • . -~ •. t .: 

.. ~. : :· 
• •• ~· • 0 

~ . 

,,_ 
COMHENTS : ·.,.. 

•··.·• ~.- ... ··:· -·~---. •.';·· .· ; ; ... 
.,, ..... ·: .. _!. 0 .·.·~·-·_· .··i'· 
_;;:~ ~ 
!-,. • .• '. ". i·. 

: .. · 
. . i .. 

. . 
--=--··-· .•.•• 

... 
t· ... 

... oil ., 

-- . 
... 

I 
.. (5:/l 
-~ 
. ' . . , 
.·,·:· .. 

--·-· --------
---~------



·. 

( 

\ 

.... 

PROJECT 
JOB NO ... 

l :I I • 'I-! .! 
J : .s ... 

;) 

,., 

:·· .. .. 
. ' 

__:...._ 

,:·; ~, .......... . . ·~ .. ...... . ' 
DATE' . ... 

" -j• -· 
l lkj ~ Jg· I 

·- ~ l.r te ·J-; l1 . I Jl ... ..= ~ • }! .. .... .J .-.. c- .. -· J J o- ~~ -· c:l 'i& ~d aL 

·-·-

:: · ........ -+--li---f----1---'""'"---~ 

LOG Of TilT _1011~0 N_O.·~%' .. 
RIGTYP! __ --~ctt~~,-:~:~-;F~~~--~·~~~ .. ~~~~~-------·------· BORING TYP£_-:---..::P;;.1..;~-.:..f..;:;::"::J.: ~~·,_-:-______ _ 
SURF-ACE ELEV., ____________________ _ 

DATU" 

RIMA US VISUAL CL4SSIPICATIOM .... 

•. -;= 

·. 
·, 

h.' .. 
. . ·. 

r: . 

. . ' ...... ~- ., . 

. , 

... 
J' 

;:·.• .... :/: 
; I 

. . . . -~. 

. ~ ···:· .·:..: ··.· _; ... ~ -~-

... 
I 

.. :1"-
.. ~ ~--~--;:~::o:R:O~U:H;o~w:A~T;!~R::~~~---.-:~,-.---.~~-AM~,-L~!-T_Y_P_l-----.--~-.--L-----------------~----~--

·~ Dt:."TM··I ... 0. U" I DATa: I P',.W'UI!T\. _ . : .. : "' -........ ..,"'"•'· · · • -...... ..... t2J SER_ GENT, HAUSKJNS & e~_"' · ~, ... 
1---~~--~----~- ... I - 2" 0.0. 1.:111" 1.0. took _,,.. ~ ; u- ,.. o.o. 2.42" I.D ....... _,,.. . . a . _VI. ..... esiO'ftCM••CA~ rrw•·- :,'·'. ;. ··; 
.. __ ...;_ ....... ___ ........ ___ _, t ' ..._ ...... 1& • &U\Ie\IC..WC • .. ..,.,.. . :"""'. 

- T O.D. _..._lleol U.l.., ...... f 
. . - ... - ··-·-· -·---- . 



fi"' .• I . 

·PROJECT 
1.·'~.:-( .... -," '.· 

'·' . JOB NO·: DATE . .. , . 

J!j ' ~ 
)to _J l . 'I l .t' • J~ li .. 

-~ • li 1 ~ !~t .-~ .! • Jl .. = .. ... 
1: 'i. .J •• ~-· • =· Jl'! J J .li= <I .. , ~d .... ... 0-' 11-.1 6~ a&. 

··' 
• . .. 

• 
~~~--~-----+----~----~ 

1-- -4----+---.J---+----~ 

LOG OP TIST IOIINO NO. 4>) 

") • L - •• - .r. ,;, .,."' 
RIGTYPE----~·~~-~~~-~~--~~~~~--~~~------------------
IORIHG TYP E ____ ...,:G-;..... '.;.;_·_· _·_i:.:.-1-_' -------------
SURFACEELEV. __ ........................................ ----------
DATUY 

h/rn 

.... 

VISUAL CLASSIPICATIOH 

. . ·: :· .. ·. ·.· 

..... . : i -~.i .. 

. . 
' 

· ... · 

. · 
···.: 

!f. . .. 
,. .. :. : ~: . ·..: . . 

. ~·· 
I •I · .. , 

i·' ·' •• .. c.. •. 

. . 

. . 

·•. ·, 

:· 

.. 
. .·:··.· 

.l 

.!'' . ... 

. ·,, 

.·,.· 
~' . • .. 

,i : • .. .. . ..... 
... '! 

· .. ;;__ 
. ..,-:··: 

~.' .. . ... . 
. ~.: ... 

I 

":}· . 
; :;· 
·.· .,~-• 

. ,~. . 
! ~-
'. .. 

~ • . 

1---ool"': .. ·". 1--+--1:,_,--f--·-·· --1~---+-....;..--f '. · .. ~·: ;~. 
. ··;. -~ .... 

i . 

... .· 
~ ,.,~, i\~~ .··.·.· 

'o.l· 

.. ~ ·.. . .. . . 
. , 

. · .... 

. . -~ ... SAMPLE TYPE I · '·• ·. 
· · A - ..... , evttl"t•· I • lied. • ..,,. t2l SERGENT, HAUSKINS & BECK'MTH ~'(> . . S • 2'' O.D. 1,31" 1.1), twM _,,., - _:..:_ __ ...:.., _________ ,. ,. ' 

U ... 0 I) 2 '2" I I) ... I e -"L•••• •• -CMMICAJ.. I"Metlftl .. : :I' 1,.1 :. - • • • '" • 'ly _, •• • • w•• 
T _. ... ODrl& e ALAUe.IJIWO"' t .... IIITA" - •' O.D ..... __ elle4 U..l~ ......._ t 

---·------· --·-- ----" 
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PROJECT .fj'I'J·~il't 1-/A...f. --,;..,-1,-~;;,r . LOG OP TIST lORING HoA-f. 
JOB NO.E.'ll-ft,3 K .DATE. I ~/<2-V 

RIG TYPE CH1£.-~ (ZP~~ _i . ~ 
BORING TYPE {p~ ll HSA-•• c .. 

- • I :: ... c • J 
0 .. -a o- 1- -.! SURFACE ELEV. · • • c • -. 0 .. . 

l3 II. , 0 .. • ~a~ :: 3 u 0 
I ILl .! 0: c Or> A. r: ~ .-, 0 0 .. 

11 11 
.... 0 • • !i ; .. -c .. - 2 ...... . ·; .c :e.! ·-· QA. -;U 

Q. .... ... =· r: c • ~ 0 
oo- - 0 R!IUIUCS VISUAL C:l.ASSIFIC:ATIOH I • 0 • • - .. - ..... 0 • c-

Q u~= \)..I c-.! Q..,j 211. ::.u 

0 If IV mL ·'o<ry .p.·,-"1_ ~ . : -i 2.!1 1/\ I lA. iu-t?T- :'b. -"'1-If·{ ·v~t:4._ ly uw,U! ~/ 
~~ : .. . . r:',J"? . I ~ /').. • L.{' ":(·~1 l/ '!i. hini ~'=~ -4 ~r;( 

t;" I 
I 

. 
1·- !~- -:v{J 

·:-·: 4~.~ ~~:-'p ~£' _@ ~.' ·=j· 
~-

I~ 

·· S~p1~ A./.&.£@~,,,, 
ID . I 

. 

I 
; 

/-::;-' -

I . 
. 

I 
. : 

. F··· • 
I 

I 

I . 
" . 

I 

I 
I I 

I 
' 

I i 
.__ GROUND WATER SAMPLE TYPE I 

I 
··~T·~· .. ,. I 

DATE 

I 
A - • ...,_ cwttinea. 8- Block ,_,1• ~ SERGENT. HAUSKJNS & BECKWITH 
S - 2" 0.0. 1.38·' I.D; ,.,.._ •-•'• -
u - 3" o.o. 2.A2" 1.0 ............ ,... e co-eUL.'rl ... OI.,..CMMICAL INet•U .. 

T- 3" 0.0. thi"-olle~ Sl.olbv ,.,.... t 
-. H •o.._.. · ,._, .. ,. · _, ...-& OT't 

9 



PROJECT f'V1 e' <.''-A a .;J~.L t;,.. ,·/. ·..,zr5 
JOB NO r;<t-v-:t. <.. DATE 1/~1 f f 

LOG Of TEST lORING NO. ,4- 2. 
... 

Cftl2.- 7 r( 2-0GJ. ':> cc. -· RIG TYPE . ~ (, 7~.." l-ISA • • I eo BORING TYPE - . I c • 0 - - cO • o- -.! SURFACE ELEV • • • c • ~ -. 0 .. . o-
.l3 II. ~ 0 " 

.. -o~ - , u 0 ' 
0: c -; ... . ... ~ .. " ·-= DATUM .! " 0 0 .. ~ • 0 c ~ -' ,.: 
c -- 2 • • • ..0 - •• -!u . ·; -: :'i.! A. A. •-"" Q~ .: .. 

~ c c • ~. & E oo- ... 0 ; - 0 R!IIIARICS VISUAL CI.ASSIFICATIOH • 0 • • ! 0 0 " - ... - -..o c-
Q UA.II: I)~ ... ... cD -~ C-' :lA. ~u 

•• 
0 ~~ I - I'YJL -:;,·11- {_ rJ A+/"'-") u," 

~ I. I S-/5" ~':iv-:~,; ol.1 ~~~~~ I 
I~ ~~ c~l~r-~ 

s- La E: 
I rut .. I , .. ,. ·. 

- ~:··a.r-: 

s~.L.. .:. ~ .. ~ ~"';~ ~ 
'" - --

•• 1o 
/() 

! 

s~,'~ f'e lv.....,./ e 
r'~.., 

It) 

~0~ r~~.f ce 3' 

ZD 

• Z.<)" 

-
I .. 

3o 

~ 
" 

I 

I 
I 
I 

I I I I I I 

! I 
I i I I 

I I 

' 
I l I 

GROUtoiD WATER • - SAMPLE TYPE I 
D!: ~'TH HOUA DAT!: SERGENT: HAUSKJNS & BECJ<WfTH 

5 - 2" 0.0, 1.31" I.D. ,., ... _,,.. . - -------------
A - AIIOOf """;"'"' 8 - Block •-''• ® 
U - 3" O.D. 2.A2" 1,0, ,., ... .-,lo, It 
T - 3" O.D. thi .. •woll-4 Shell•• ,.,.._, t 

co-e,v~TI•e OI~C111•te:.A4.. , ... , ........ 
~ ... eo.-..: . ...,,. Fl•....., UAI crn 



PROJECT · n1t~x;·~&-t ·· t-Ie. -f. ~,· {uoo. !' LOG OP TEST lORING NO. 4-3 
JOB NO E~/-U3~.DATE. l/~f't2 (/ 

Clf1~~ (2C"32 _i RIG TYPE 
Hs"ll -• • II. 

.! 
J: .. • Q 

0 

s 

10 

---

. ; i ~ BORING TYPE ~ L'.z.'' 
IJ 

iJ; - -:a c: -
·1- - .! SURFACE ELEV • • c: • - • G 

.. . 
= ·~ ~ -o.c - ~ u 0 l~ 0 :.--: t 

.. ., 
e"! DATUM 

, 
c • ~.;,: ~ 0 0 ., 

j j • • ; ; c • - 2 • .A • . ;; -·.: • .! • - -o Q ... -;U ... .. ... ,;: . c: c • ! 0 ..!== 1 ; - 0 R!MARKS VISUAL CLASSIFICATIOM 0 • • ... c-
U~ll: "~ =-..! Q~ 2~ ;:)U 

• 
. 

i\7! - .J ~- ·- mL. S;l+ wtDirl- ~ A/#( .. ~ • ~- '-~'";'t ~ I.Jt!A'-;r ~ ~ IT" . 

. 

i 

: 
; 

i 

! 

: 

: 

I I 

i l I 
I 

i : ' 
: 

I 

: 

' 

CiROUND WATER 

om" I "o"" I om I 

. I 

I 
! 

; 

: 

: 

I 

' : 

! 

I : 

I 

: 
I 

I 

S.u.!PLE TYPE 

A - Aut .. cu"i"t•• B - Blocl& •-pie 
S - 2" 0.0. 1.38" 1.0. tv!.. ••"'~>'•· 
U - 3" D.O. 2.42" 1.0. tvbe ••"'P'•· 

{0 

,..}/> 

"~"' .{.., 
r~ 

[rJ,/.~: ~p/t.<.. rt..~ - • 
s~~ ... t' 

A0~ s-h~@ zYz.' .·· 
Sa-peA-~ (2) z. 's- ,, 

. • 

........ 
\ 

I 



• 

• 

PROJECT ((/e,£/re. c t/-:1- -r;_;/,·=c--; 
JOB NO 1=1"1-! ~ t:: DATE I /.r< I<!Z-

LOG OP TEST lORING NO.4'~:/ 

-; 
• • c. II. , 0 .. 

0 = c .! , 0 0 
c - -J: - . a. -=·-c c • • 0 • • 

Q UA.IIC 

0 

~ 

/0 . 

I) 

-·· 

~ 

"],.) 

3-0 

3r" 

...__ 

-· RIG TYPE C-mL 1<e(JC(p) C C. . ~ • • c .. BORING TYPE Y '/:-'' J.l-5 - • I . ~ 
- -~ 0 - - "CQ • o- SURFACE ELEV. ... -. 0 ... . o-
l'! .. ,.c,~ :: ~ u 0 

. 0 ... . ...... .- DATUM .. .... 0 c - ; i .,..: 
:i • • .... - • • . ·; Q. Q. Q ... -;u .... . - ... .... -= • E E .!~= 0 ; - 0 VISUAL CLASSI FICATIOI4 l! 0 0 0 ~ ... c- R!W.UKS 
"-' "' ... =-..! Q..l ~A. ::lU 

1\11 Wll 
25" ":""' Pf- 7-l!Z~LC~~f s/. ~,.~+ ~ . d.( ~~-~I- &<+,·"'e.) 

-h-«- Jc..y 
/17'' 

~· '..., -...It;-, 
~~li. .. -' -

I I 

1--

i 

~---

. 

.. 

~ 

I I 
I . ! 

I I I 
I ! I 

GROUHO WATER 
OAT!: 

I 
I 

~ 

~ 

I 
: 

SAMPLE TYPE I 
A - Aut .. cvfti"l.. 8 - Block •-I• ~· 
s - 2'" o.o. 1.31" 1.0 ...... _.,1.. -
U - 3" 0.0. 2.42" 1.0. ,.,.._ _.,,._ II 
T - 3'" 0.0. tt.i"·••ll.., Sholl>., tvlte. t 

(( 

/_.e, ?.1 -
re~ • 

>~ s+-t:n'tt:_ 

.. 
$A-p{G-... ~./~3'5"/ 

4-'b~ ~ Itt, re @ 'd ~' 

SERGENT, HAUSKJNS & BECI<'NITH 
Co-eVL.Tt .... e•O'ft.CM"ICA&. ..,..tfltU .. -·N·O-C•_,..,.,...,...,..c;rn 



PROJECT ~JCiCA"' J-1,._ k' /,·,#>! ~ LOG OP TIST lORING NO.A-~ 
JOB NO. E~t-{,3C .OAiE. tf~l'l'Z v 

RIG ~YPE em£.. ~~3) _i . ; 
- • I i ~ 

_j 
BORING TYPE u., VL'' SA . -

j 
g.: - i~ • SURFACE ELEV. • • c • ':i:,J .. . l: u. 

:II 0 " • .; a u 0 

I: c , .... . - DATUM .! • 0 " 1 
• 0 i ; - c .. = 

c -- ~ • JJ -
:II • . ·; 

-6 = ; .: ,_., Q. o;u ; . • c c • ... 
..!~= .. . 1 ; - 0 VISUAL. CL.ASSIFICATIOH • " .. ! 0 .JJ c:- REMARKS 

Q A.CI I) ..I =-..! Q..l 2A. :=u • 
f) i\/! m.()~ ~ 5,·'-f 

A:~., .... -;-.. 1 YYIL .et-t~ H - --~ -- _/_ 
,..._ wc~/'1 

A""'"' •• -~ ~-~,. 
rJf> 

' L 

~ -/D-.~ J 
~w~ Ud- . 
A(fr ~~~ zYz., . 

Sc.-f( r re~ r? 
3 I t( 

/0 

. 
: 

i I I i I i • : ! I 

: ~ ' 

i 

I ·. 

... 

! 

I 
i 
l 

l L 
: 

- ~ 

I ; : 

; I 

' I : . 
GROUtoiD WATER I 

SAMPLE TYPE ' OI!.P'TH HOUR DATI!. A - Aut .. CY"inia. 8 - Block ••"'PI• I SERGENT, HAUSKINS & 8 s L_l s - 2" o.o. 1.31" 1.0 ............ " ... 
U - :S" 0.0. 2.A2" 1.0. ,.,.._ oo,..ple. -~--e----.--.-.. -.. --.-.. -.. -.. -.-.. -... -.-.. -.. -... -.. -.. 

-o••·• • "'"c•o ... • ...... c. .. ••c ... • . '' •o.•o 

(Z 



LOG Of TEST lORING NO. A-~ 
• 0:::: 

/'!_a:J..£.... - i '5 (;.o fD) 
_i RIG TYPE . ; c .. BORING TYPE v '1:.'' #SA - • I . -

--~ ... • g.: - cC 
SURFACE ELEV. • • c • ... -. 0 .. . o-

J~ II. .. .. 0 .c. - ~ IJ 0 :0 0 .. "i .. .. 
0 = = .. . :. .... Q, • c DATUM .! c - .. -:0 0 0 .. • • • 0 • • -.. 

-= 
c--

-;.. Q. Q. • J> - C"- .:u . ·; :e.: . - .... ;: . ... c c: • E E ..!~= 
.... 0 ; - 0 VISUAL CLASSIFICATION • 0 • • ! 0 0 0 •J> c- AEWAAICS 

Q v~z I) ..I "' "' ~-..! Q..,j 211. ::liJ 

-~· 
0 1\11 _5;'Vd J. JM()(r? S-1./y ~&..vr( 

·z.z'' A·ut r-z..J· $-1 
H L. ?Z:: 

Zd' )(.u -s-o..l-4 f-oG.-r 

rt 5' \ 

\! - ~r) zo" (.le;. ./,· 
A u ~-3- -14-~/L!~ 

-=.:/ ..... lSv'~e.k) . . 
, 

~~-~4 10 -
:' , 

.. 

4~ s4p~J@ s-' . 
; ! 

·· ... 

I) ~ ... f le... · ~ tc;c/e -ri:l:· 
! I 

. 

ZD . 

• 2$' 

-
3o 

... 

I 

i 

I 

i I 
I I 
I I 
! 

I ! 
GROUND WATER S.AA~PL.E TYPE ' 

•• 
DATE SERGENT. HAUSKINS & BECKWITH WOUR 

A - A"t•• c .. ttint•• B - Bloclo •-•I• ® 
s- 2" o.o. 1.31" 1.0. ·,..- -··· - ------------
u- 3 .. O.D. 2 ... 2 .. I.D. tva.. ..-.-.le. D ,..:::.u!!!:.•:.:::~~.~~.:;::-crT'f 
T- 3" 0.0 • ..,;., .... 11.4 Shell•• ruk. t 

13 



P~OJECT rr1e~/CA.~ 1-f~.: ~i (,-"'"ey.f LOG Of TEST lORING No.4--
JOB NO. 'f1?(-(i ~,I( .DATI= I 1~/~t..:: Cl 

RIG TYPE C!V1/1£... <>')fs'Z~"3J _i . ;· c .. BORING TYPE {p '/'2..'' 5)'1 
ill . . ~ c ,; 

-~ 
-co -·! SURFACE ELEV • • • c • .:: ~.l 

.. . o- 00 ~ :1 0 .. "i ~ ~ u 0 
~ .! 0 = c 1~ t .- "' .. DATUM :1 0 0 .. 

1 '1 
c ~ ; ; ,.:: 

c • - • J> • • • . ·; .c -- . -t • . -.,. o~ -;U 
i. - . - .... .;: .. 

c = • 0 0 oo- "i ; - 0 REMARKS VISUAL CLASSIFICATIO~ • 0 •• - ... - ~Jj c-
Q UA.II: !S..J 111-.! O..J :EA. :;:,u 

/_ 

• 
() 

~CL _.,....._ -- - -
s~ vnoirl- str# $;fly ~~cf zr/' '-€1~-. .l ,, - ' - .;) ! 

; ' i L.o a 
I~" Y. lA s-3-~-"-4 ~--kly ~·~.tJ s l\ i 

v· :, i 
j Jg-'1 A·IA.:.·:r-~1 "I -,I +~ -/. rt!cf 
I . 

1~, y LA.. r~-~t.-~1--os~-'T'~ 1 [,J,./e: r,JivsA.( ~ ~ 
to I 'IT ... ; I H I . L./ '' ,X"'-- .., , . l!IV f"'f 

! ; : . 
' 

; ; A~ s-kr~J@ JO' 
I ! ; 

/) 
: I ~"""'r'!A. ~@.. 10 

: : i 

! ; 

; I 

L-.: 
! i i ; 

; 
; -i .. 

I 

: I i i 
. ' : I • ' ' 

' 
I : 1 I 

: I . 
I 

i ' ! 

! : ! 

~ 

I 

• ! ! i 

I i 
: ; 

! I 

GROUI'ID WATER I 
~ SAMPLE TYPE I L:· J .. ,. 

DATE 

l'f 



.,;,:: 

.. 

• • • c • II. ,. 0 .. 

'..! • = c: ,. • 0 
c: --.c --· ~ -. -" c .. • 0 • • 

Q UA.II: 

(} 

~ 

10 . 

.. 

I' 

~ 

• . 

• . 

LOO Of TEST lORING NO. A-~ 
c: - 611'- -r~ z~ ~cc _i RIG TYPE . ; i ~ BORING TYPE "[; 1, . I I-ISil 

- • I c: 
• g.: - ~~ -.! SURFACE ELEV. ... -. 0 

.. . 
l~ "i 

.. -o• ~ ~ u 0 .... . :. ,., .. .- DATUM c: - ,; .. • • • 0 •• ; ; 
2 ...... . ·; 

"i. "i. ,_ .. QG. :u . 
t• .... ;; . -E e oc- 0 ; - 0 R!loiARICS VISUAL CLASSIFICATION 

·- 0 0 0 -·- _.., c-
I) ..I .,. .,. :D-.! Q..l 2A. ~u 

. r\1! ~n-1 Mor·~ ~~ (./ '( ~4- / 'Z1t 7\ :zz:-I CP-4 - tJ ~ -'>...t.. 
~ -h;..G{_ c. I~ t 

Z.r" v IV\ 1-3-J.t ~.t,-
If' .. NP 
1\) 

~~y 7\ !~- -s- t..J _. -~-(. e:r~r 
~ @oJe .-~ s/.·-<- le...c.L~ I,,, VIL.i !t!J -t::--,-..., .... ·~ 
II' . 

fE IZd . f\/ 
Zt/' 17\ L<. 

,_.,_ rr _,r,- ~"' += ../,· .. f". 'i \ ' 
~ [i" ~~k~) . --
~LI\ 1-r-3· '7 ~ s-~/'2/' 

~ 
~rl~ 
~ sJ/-. 

' ~~ .Jo~/@5" r . 

S::.-rf~ re~€ 
' . 

' 13 '<6" 

. .. 
· .. ~"': ~.r 

" 

. -
., j ~ 

I· • . 

. 
' 

I 

' 
i I 

GROUND Ill' ATE R SAMPLE TYPE I 
DATE A - Aue• c.,,.;,.,.. 8 - Block •-,1• ~ 

S - 2" 0.0. 1.31" I.D. ,., ... -pi• -
U - 3" O.D. 2.42" I.D. ,., ... _,,.. . " 
T- 3" O.D • ..,;., .... 11 ... Sl-.1~• ,.,.... t 

ts-

SERGENT, HAUSKINS & BE.CX'W'fl'H 
COIII'aYL.Tt•a OID"f"'c.M•tCAL C...Ot••aN 

....,... • H ro ...-ort• ....,,. H.·~ L.oY.I c:n"t 



PROJECT ~-.ct~ .j,/~/;. ,./,-a~~ LOG OP TIST IOIING NO.4 -j 
JOB NO at.-<;3 ~ .DATE. 1/~/~'2- V 

RIG TYPE c;Y~£. s-s-c~~f) . ~ • • - • E .. 
.! 

:-= -• • c • -· . .. . ... -0 .c. -" " 0 u ... -: u 
I:" ~ :. r: :-.! •• u 

j " -c -- .2 ... - • • 
..c :i.! ,_ .. QA. 

'i. c c • .... 
.!~= 

... 
• 0 • • ! 0 

_ .. 
Q UA.Z l:l..l =-.! Q..,j 

0 I 1\ I zY.,. 7.. 1 

7 . .'~ 
J-..l 

IVFr 
-
~ 

7\J 
' '\A z.'lz, /\1 

If'' 8-
A 

/o 

' 

; 
I I 

PZ>TH I ····-1 
............... GROUND WATER 

OATE 

_i 
" .. BORING TYPE {p 'l·z./ 1 HS.- '\ . - _j i~ SURFACE ELEV • 

l~ uo 
DATIIU .-

!i i ~-= . ·: -;u ;;: . 
"i ; - 0 c- REWARICS 
2A. :::IU 

<;W) 
MD is./. 

sJI-

£v.nl . 

~ 

~ 

. I 
A - """'., cutti"t•• II - Bloclt •-1110 ~ 
5 - 2" 0.0. 1.31" 1.0. tulo. .. ..,plo. -
U - 3'' 0.0. 2.42" 1.0. tuloc .... ,r.. IS 
T- 3" 0.0. th;., .... r .... ~!loy tuloo. t 

SAMPLE TYPE 

I~ 

VISUAL CLASSIFICATION ~ 
~d./.y 5~ 
$~ kttrt£' ~ (,-,_~ I 
~ r.z: 

I ~~r~k( 
l,~ -/., ..;.,." 4 ~ 

ce,.,~+~·~ 
I 

[r.!th: 
l~A$£1 v,..fi_ /e,-l(jl 

tt~ s~r~@s- 1 

~~~ f!/1.. ~-tvsJ (:J 
't' 

. 

SERGENT, HAUSKINS & BECKWTTH 

C~ULTl- OIO"!"'':CM .. ICAL. I"OIWII .. 
.... OI.NIIl • AUIJOU&-.oUI • ..... .,.,.. 'I 

I 

I 

• I 
.I 

I 

I 

I 

I 
l 

• 



PROJECT file·N~ LJ~-/- ~,.1,- ... Sr;~ LOG OP TEST lORING NO. 4-lo 
JOBNO.ff/../,.31"-0ATE 1Z1rl~~ -

RIG TYPE . t}..mf.. 7~/'~ '>C.~ -· . ; c .. BORING TYPE ~ 7z '' p; - • I . . -
-·~ .. • :-= - -a •• • • c • ~ - • D 

.. . i-
l~ 

SURFACE ELEV • 
u. 

2 0 " 'i 
.. .. c,..c. -; a u 0 

0 = 1: ... .... ~ .- DATUM .! 2 0 0 " .... 0 c - ; : .. = 
c -- :i • • .... - •• . ·: ~ -- . 'i. 'i. ,_., a• ;U 

A. -·- .... ... =· "" .. ! 0 
E E .! ~:; 0 • - D REWARICS VISUAL CLASSIFICATIOH • 0 • • 0 D .... ,_ 

Q u~a: ".J .,. 
"' =-- Q.J :1~ ;:)U 

() 1\.J <rv7 ""o; s-1- ~ . .fly s~ 7.:3'' A il.{ t..·)-, ~-7 
i--

,...S? 

,~., IV lu 14 -4-' ..... ~.-: ,.., .. ( 
II' r;- ~ 1.- -~ 

(../..c. . .J. ·, C5 \ 

ZD" 1/\ IK 1/0 _.,_ 7-~-r r~v,:.. Ll lSv~4~) 
S~sk 

to 
. 

/Jv~~ ~~ <1£ s- '. . . 
.. 

~r~ rei;d<:e_ . 
-;- f 'S' II 

. . 
... 

-

• 
. 

' 

·- -. 

. 
I I 

I i I I ' 
I ' ' 
I I I 

,...- I i I I t • I I ! I I 

GROUND WATER S.utPLE TYPE ' DE I"TH HOUR DATE 
A - A ..... cytti"t•• B - Blodl •-plo ~ SERGENT, HAUSKINS & BECKWITH 

r..j,,JE,. 5 - 2" o.o. 1.38" 1.0 ....... -·'· -u - 3" o.o. 2.A:Z" 1.0 ....... _,,.. e Co-&U\.TlMO C:l'~'f'I"ICAk I ... I .. UIIIO: 

T - 3" 0.0. "''"·••II ... Sftelltv ,.,.... t 
~·H MOtl-oiC I a.wrt•A I a,Aiil L.N.laf1 

17 



.. • II. 

.! 
~ .. • Q 

• c • 
"' 0 .. 0: c 
:0 • • 
C --. -=·-c c • 
0 • • 

U"""' 

I 

.. 
" 2 ... 
! • 
I) ..I 

I 
i 
I 
l ; 

I 

. -,. . 
:: a 
c -• • Q .. .... 
.JJ 
Q..l 

-· I~ 

LOG Of TIST lORING NO. A-If 

RIG TYPE. (:!.1')'1£ s-s-('2.03) 
BORING TYPE 6? '/z.'1 RS'A 

-o 
1-u 0 

_! 
l~ 

SURF ACE El.EV • ___________ ..;_ ___ _ 

I 

ii .u 
'i ; 
2"" 

,..:: . ·: 
..: . -. c-
:;)U 

DATUM 

RIMARICS 

' 

SMIPL.E TYPE I 
A - All904' cu"i"V•• I- Block •-,1• ~ 
5 - 2" 0.0. 1.31" I.D. tuloe _,,._ -
U - 3" D.O. 2.A2" 1.0. tuiM _,lo, IS 
T- 3"· 0.0. tl.i,..wolle4l $1,ol~y "'loe. t 

frt' 

VISUAL CLASS I FICA TIOH 

Ao~~@ s-' 

~~t" s~f l,·o-

SERGENT, HAUSKINS & BECKWITH 

co-e,ut.'ft .. e&OftCM"IC.A&. I ... IWtl .. 
.... 0 ... 1& • A&..a\IOUIMU.tl. • 6AN"fA frt 

• 

• 



• .. 
• • c • ... :0 0 .. 

0 = c .! :0 • 0 
c --~ -- . 

"i. -. -c c • • 0 • • 
Q UA.a: 

Cl 

~ 

/0 

l~ 

"];a 

• 

·~ 

. 

•• 
~ 

LOG OP TIS't.._IORING No.B-lZ 

-· RIG TYPE r rif£. 7~ ~"J C.C_ . ; i ~ BORING TYPE {p'f: I( N-5 -_ -- • I -·~ 
0 ~ - ';Q • o- SURFACE ELEV. ... -. " .. . ·- l~ .. -o~ - :0 u 0 • ~ ., ... ....... . ':: DATUM .. .... 0 c ~ 

~ - ,.= 
2 • • • Ji ~ •• :0 • • •• A. A. ,_ .. QG. -;u ;;: . .... ... ! 0 • E E . .. - 0 ; - 0 REMARKS VISUAL CLASS I FICA TIO .. " " c:l ~Ji c-
"'-' 

.,. 
"' Q..l SA. :IU 

r\Jl ~ 
'2.3' lA L{ 1-1-~J.. 3_- "1 MD.:S 1--

s..-f.!.y 5.:-/ 
r--., 

~~- X (..{ 41·1·1. 

'I ' 
1\.J 

'ZP'' " Vt ~- '!. S" 
~ 

~' X !L( <If~-' 

' 
(~" 

v 
II\ t..l 1~-3-
r---

t~r' IVu I '-LI-t. 

4" 
'A /_ 

~ ..l '-~"'(-

. 

i 
I I 

I 
I 

I 
! I 

GROUHO WATER 
MOUR DATE 

t-JP 
·li·S_ ~f 

'S· 10 

-11-U. . 

+-5-I ~ 

-i-I.J~ • (-1-o.; ( .... ~r) II I 

~~~4>0J_) 
<; ...... /~ 

~~c:.,_ -s4~G s- r 

~ff V'- re.f.v<:;t:.J'@ 
/::'';{'' 

. . -

:.: . .. ... _~ 
'. 

. , . 

I 
! 

SAMPLE TYPE ' S£RG£NT, HAUSKINS & BECKWfl'H 
s - 2" o.o. 1.31" 1.0. , .. ~ -~· - ------------
A - Aut .. c11ftinga. 8 -Bieda ·-"Ia t2f 
u - 3" 0.0. 2.42" 1.0. "'~ ~.. IS 
T - 3" o.o. ,..;,. .... 11 ... ·g,.n,.. ....... t 

(9 

~ .. ,., ... 08crt"'.CMIIIICA&,. , ...... ~ 

........ • tt •o ee-o.c • ....,,. ,. • ....u VtC6'"' 



PROJECT n'lexiCA,.., J.l~-1- fe. ~I,·"'A $ LOG OP TIST lORING NO. A-Is 
JOB NO ~/-{p3/<._oATE l,t<C/qz u 

RIG TYPE c~ s-s-(y'3) -· . -• • I~ BORING TYPE (p 
1

2. '' /-I~A - • I . 
_j -

I} 
g.:: - i~ • SURFACE EL.EV • :·. • c • ':&.! 

.. . 
l~ :0 0 .. ... ~ ~ IJ 0 

DATIIL ! ·= c . ....... ;i .! • 0 .. '1 j .... 0 c - ,.-: • • J: c -- J! ·~- c• •• 
A. :e.: .... ·-"' ... -;u ; . 

c c • ! 0 .!~= 0 • - 0 AEWUICS VISUAL CLASSIFICATIOH • 0 • • -JJ =-Q IJA.IZ "~ =-..! c .. :lA. :::11.1 

0 i\/ ~il-ly Sc-,.,£ 
I .. - """,.d sJ.I. Z'3'' 1/\ I"' I . I ·.; -- ., -~..,.,-

r-o J..t,'tt . I 
~· Y'L< 12-LI-~-v-· 

~ ~'J ~kly t.t.wt~Nt, ..f~"' 
(," ~,£-4.. --:.vrc. 

~ reof (-fa I.~J;-. -1-r:."' ~ 
~rJ.. bf!:,~'- ~,u.~ 

/0 I f~ 

I 

4~f!r s.fof~£ ~ r' 
I 

s~fl~r re-A/S~,(~ I S" '(, ,, 

>: I .• 

• . 

't·· I 

I 

I 
' 

I 

I 

I 
i ! 

I I I 
I 

I I I \ 

~ 
GROUHD WATER S.WPI.E TYP ···T·I E I 

A- A.,. .. cuHiftll• I- Bleck •-pie' ~·'SERGENT, HAUSKJNS & BECKWITH 
S - 2" O.D. 1.31" I.D. ,., .. _,,._ -
U - 3" O.D. 2.42" I.D. tv ... ..-pie. IS coWSIJLT••• OIC"!"'CM"'c..AL IMD'"'''" 
T - 3" O.D. tftift•well..l Shel., tuM. f ....o• .. ,• • •L•UOlJI...OUI • UtcT.t. •• 

• HOUR DATE 



• 

• 

• 

-• • • c • II. : ~ ~ ..!: " o a 
J: c • --- . A. -. -c c • • 0 • • 
Q UII.IX 

0 

. 
s-

. 

(0 . 

1)1----! 

. 
t---~ 

I 
I 
I 
1 0 

"i .. 
2 ..... 
! 0 

"-' 

-... 
:: ~ 
c • •• Q ... 
..~ .... 

Q..j 

., X ICA 4-Y·LI-7-0 
IC, 1

/ \ • 

.\ 
tor'' /\Ill\ 74-v-;-r., 

'h'" 
jc,' YIU &_,_--~-fe 

\1 ·1or L\ r.A vP-1_-/&. .a -r-:;J, 
~ 

10 rr Y u I '7-/2.-IK4 -t<;"-t~ 

_! 
l~ -...: . ·: =. 
- 0 c-
::IU 

1.:> 11 \ •. 
- ~+-+---+---+----~:----! 

t--f--+-....---i---+-----ir--~ • . 

i 

; . I ! 
I I 

' 
I 

i 0 i I 
i ! 

.l 
; 

l 
I ' I 

LOG OP TIST lORING NO. "8-t'-{ 

RIG TYPE <2m£ 7~0-z..o&,)CC 
BORING TYPE (?'(oz. • 

1 5.iJ 
SURFACE El.EV. ______________ _ 

DATUM 

REIURKS 

~·· 

VISUAL CLASSIFICATION 

~~'lly s~,r 
I'll! . 
rr·· 

. Sf o+-e:: ecce:..~.·_.,~ 

.Jt..,:.,.. <;0"-<r ~/ 
~~~; ~·s'J 

- . 1 ..... 0 

( S.Jl..f..~~) . . 

,~~{L;J .Sc.-~~~ 

fL~~~~~ ·· 
Sc--. p teA._ ,; -t.r...c. &! e 

;....._ 2{p Is- If 

- -. . 
'· 

GROUHO WATER S.i.J.IPLE TYPE 
' CEi .. TH HOUR CAT~ 

· •A - A ... ., cufti"ta• B - Blocil •-pie t2f SERGENT, HAUSKINS & BECKWITH 
r.Jof\1 S- 2" 0.0. 1,38" 1.0. twk _,,.. ·-

u - 3"' o.o. 2.42" 1.0 ....... _,,.. 15 
T - 3" 0.0. tfo.i,.•well.<l Sloocllov ,,..... t 

Co-e.&.r"-TI ... oaO't"'CMNfCAL U•GIJII&..-·01 ·'Q!-·Wf&l't[• _,_.Q'ft 



PROJECT rr1 e 'I:;~ .:2.. "' 1-/t:Jif..-f. ~,. (,·, ... ~ LOG OP TIST lORING NO. 'B-/cf" 
JOB NO ~1-ti1r.. OATE lf<Tit:T2 (/ 

et?J.t.. ~(2o'3j _-i RIG TYPE . ; c .. BORING TYPE (;:, 'IL If l-ISA 
- • I . . ~ -

11 

0 ~ 
. - -a _ _! • o- i- SURFACE ELEV. • • c. -.. .. . 

~ :0 0 .. .. -o~ :: ~ u • l~ .= 0 = c ...... .- O.+.Ttn.t 
:0 • 0 .. 

j 
... 0 c ~ ; : ... .: 

c -- :i ... ~ • • . ·: .c :';.! .- .. Qa. 
~~ .. ... ... = • . 

c c • 
~ 0 ~~= - 0 • 0 • • ~.o 0 • c- REMARKS VISUAL CLASSIFICATIOH 

! Q U~ll: 1:1~ Ill-.! Q~ :1~ ::IU 

() 
::u,'' 1\/1 - s~ tf!lttJ(s+ ~ ~-~~ s .. J I J\ 1.1\ j-.. I -~ 

R 
22" ~ tu LS ~/-_' r-7-'7 ~t:..~'y C.t.~ecl ~ n 

u u• II\ lU lf"f .. 2.t.. l-3o-• jo)_, -fz:tY\ -h:, c..J~,·/L -k r~c,( 
~ 

i~ y ll.l ~~-~- '-1-s- [,.J/t!: s (,· t'lt t:. 5 k~ t'l) 
/0 ~ 

/9'/1 
[\j 
'}.. !CA 13-2.· "r-f-f 
~ 

2?/' lY. ~ rz-1-1 "r-1-1 I 
I~ 7\ 

~~, 
.J , - ( -Ia.; !: .. ':! ! ') fAIJ..<. 1~'1 r..}-~ I 

J-..: (_ s.;JJ.,11sL) l 
. Zt'' rY I« 1~·2' f-~- ;-:cf ..:s ~~ , ~ri ~~ 

1.o IT'\ bt!c;('rCJC..k 
. 
I reef 

40~r s4pef'@ 1?/'2. . 

~,.,.pf~ r~~£ 8 1'1~ 
•. I tP)t~~ 

1 

I 
' 

I 

I 

I 
I 

I ! 
[ i I J 
! ! 'I I ; 

....__ GROUND WATER SAMPLE TYPE I I O<PTH I >lOUR 

I 
OAT!; 

I A - ........ c""i"t•• 8 - Bloclo •-plo ~ SERGENT, HAUSKINS & BECKW11H ., 
5 - 2" o.o. 1.38" 1.0 ....... _,... - s . ' U - 3" O.D. 2.A2" 1.0. ,.,.._ •-plo, I! COIIfaULTIMe Ol.c::rT'WC"nUC.AL.IMOUotll_.. 

. T - 3" O.D. thi,.·wollo<l SJ.ellty •ult•. ,- ~OIMta • AU\.10\IIMUC • J.AH1A 'I 

;2..7--



... • ... 
.! • J: 
'i. • .Q 

c.; 

. 
. 

£" 

. 
Jo .• 

. 

(C) 

.. 

Za 

• . 

z.c:-

3o' 
. 

~ 

. 

Lf¢ 

•• .___ 

.' ·. 

LOG OF TEST lORING NO. "B-f(, 

-· RIG TYPE ~ !111l,.. 7)("Zt::lcr 'X c . ~ !'2. 'I: II 1-ft:;A • • c: ... BORING TYPE - . I . ~ c 0 ~ - -o • o- li- -.! SURFACE ELEV • . ~ .. ... -: 0 .... . 
;l~ ... ~ Cl ~ - :0 u 0 :0 0 .. ... ... .. 

.DATUM 0 ·= c ... . ...... ·-= c: ~ 

.... -:0 0 0 u • • .... 0 •• ~ i c: ~- ;& .. .. • _a,_- Q ... :u . ·: 
:'i.! .... •-"" ..... .:: .. 
c: r: • l! 0 

E e .! ~= 0 ; - " REMARKS VISUAL. CL.ASSIFICATION • • • 0 " 
~ ... r:-

UA.IX "'""" 
... ... ~-..! 0..1 2A. :;:)U 

,,1\ ',.{ Sal s,·/1-f ~/ . • zs IX !41 7_-J,-f ·fl-, ... h1~~-~-~ N~ . .. X lu 1';-/2_ ./~-1~1'1' l&lf 0"-f .. .. 
1\/ 

tar'' 1\ II.< '-f-4- -ID -1 I 

M 

,~" YIIA. ~-'-I J.c:;-~ - :l"' ' 
.. 

" /\1 
. .. 

\ 
. . 

lct'f 
.• . 

A I(;( (; -$"' '"'( :p4"~ . .... ·-·-- . 
h . ·-
y (A 1/., _q_ 'ff-11- 'I 

l"r'' • I 

V\ .. 
r\1 

. . 
/'f' J\ l'f IU-7.J1 f.Jf -II . 
~ . ·I 

,~, y u 17-7~ r-t 1 -tv . 
I\ 
~1 

. 
. ,.go'' /\ l.( '!t?4'~ '-to:..t ... 

. r-i . ~· .' . 
("/'~ 

V1u ,, -11- '-(Of.-~ ' 

11\..' ·: ~· -. . 
U' .. .-

I!' It\ It< Jil-!1- /f) -ft./ 17 .. 
H . 

zp' X 1'<- I I -11 /( -/~ ·1?_ -
/\{ .. 

.. 1\/1" .. . . 
zP, /\ :t,.( 7-7- ·7-~-ID 

(-1-o..l·~( H . :'1 
··lett" v·1lA. 7-ZZ1 z.~- zz._ s-o vs-

v. wrc:r-f -~SJ~ ~ VAl We~ ~~ 
. I p't 2(JS /3 -s: PfS I " 

• '. • 0 

404!-. S~@~' .. . . 
~fie, re.~ e :s, ,, ,, 

I 
. ! ! i 

l I I I 

. . ! i . 
I I . . 
I I. 
i I ! - . 

I I I 

GROUHD WATER 
. 

SAMPLE TYPE I 
OI!:~TH HOUR • OATI!: • A - A"9 .. cyrtinva. • 8 - Block •-plo ~ 

S - 2" 0.0. 1.38" I.D. tu ..... .,.,,.. -
U - 3" O.D. 2.A2" J.D. tuloe oo..,pl.. IS 
T - 3" 0.0. tt.; ..... JI ... S"-lbv ,., ... ; t 

SERGENT, HAUSKINS & BECKWITH 
COflleULTIMO Ol~fftC./t.LIMOI ... CK .. 

......,_..N•o..-o..a·....,•I>I·....UWfll&ltrN 



PROJECT Ylfl!-t:r2A /;'\ /-1_~ f_ (~; (,o..v;,. ~ LOG OP TIST lORING NO."g-/ 
JOB NO. ~~(-{",,31( OATE 1/rr/'?'2- U 

RIG TYPE C/Y1£.. ~~~'3~ -· . ; c .. BORING TYPE {, '7'2.'' -S" ,q - . I . -
-·~ • 

'j 
0 - - ·a o- i- SURFACE ELEV • • • c • -.. .. . 

"' 2 • " • • 0-=- ~ ~ v. l'! ] .! 0 = 1: . ...... .- DATUM 2 • • .. 
j 

.... 0 c - - c ,..: 
II • • :l .... - • • 2 • . : 

-! :e.: .- .. Q ... .;u .... .. .. ;:: . ... c c • ! 0 
oo- 0 ; - 0 REMARKS VISUAL CLASSIFICATION I • J •• -·- .... c-

Q A. II: " .... CD-~ 0...1 ~A. :=v 

7 

• 
{) ~ .. <Wi l't1otsl- s~-1- $;Il-l ~c....d 23'' lA I"'L I '1-1 -~--~ 

l-' ~ky C2m~J I 
Z.l If V'l&.<. ·~: ~ ... )-'-

-5" '" Lo E [L 
ZJ'I lA 1£< 1-}-.. 1-J"V 

+A.!\ ~ ~rcc.)" 4 'it.f!-.J 
I 

....... 
rt' :v u 1~-2.- ~- "f -'5" 

/O 113 I 
1\J 

Itt'' lA :~ =s-.:s-~L-Z.-~ 
H I I~' " !ci 1-1-1· 2-'i - rr'\ 

/«) 
~7 

1'1'' ,A '""" ,'1-:-J_'_"_! 
I 

"'-' 
1.1'' Y. ra: 1- ( ·( ~z-r 

2D. ['\.,l ( -1-e,.; l,~s) I 
lt/' fA 1'-' J-1-· -,v -"'"';... 
tu t ~ .... - ,_ 'i l, .. ~ -.{_ Sv ~b ~e.) 

[2S :ii"C: ,.w<- .. ..,( .. 
'5' &J~J:.. • 

' 
reel I 

A ... L .. vdt..r .... TT 
./J@ ~I 

i 
I I 

' I 

i : i 
: : I 

.._,;__ GROUND WATER I OEPTM I """" DATE 

" 

I 
I 

S""'PI.E TYPE ' A - ~..,. .. c""i"t•· 1- Blocla •-plo ~ 
5 - 2" o.o. 1.31" 1.0 .... ~ _,,.. - s 
U • 3" 0.0. 2.A2" 1.0. tu~ -plo, !I 
T - 3" o.o .... ; ....... u ... Shelby ... ~ t 

<;&~.,.,.,j)fe r re.f.v~eJ?@ 
:Z3 1 /1

11 

SERGENT, HAUSKINS & BECKWfTH 

co-auLTI•• o•O"''CM .. ICAL ltf81MII ... 
... OIMI& • AL.UOUI.OU& • ...,,., PI 

-I 

I 

I 

I 

I 

I 
\ 



PROJECT (Yft ~~·c..e-., ~.f 'f;; /,·.,. ¥~ 
JOB NO E!t43 ~ DATE I fer t<l'? ,. 

LOG OF TEST lORING NO. 8-j1' 
' 

-· RIG TYPE CrV?L 7~{~~cc . ~ (p 'lz" HC:A • • 
~ i ~ BORING TYPE - • I c • 0 - cO • o- - .! SURFACE ELEV • • • c • ... -. 0 .. .. o- l: ... .. ~a..e - :0 u 0 :0 0 .. -; ··" ! = : ... . ..... .- OATUM .! . " .. .... 0 c ~ ~ c: ..,.: 

c ~- :& • • • • :0 • . ·; ..c A. A. .... - ·Q ... -;u 
A. :;.: .... .- ... ... .;,: . c c • E E oo- "i ; - 0 VISUAl. Cl.ASSIF ICATIOH • 0 •• ! 0 0 0 - ... - .... c- REWARKS 

Q IJQ,Cl I.) ..I "' "' =--2 C..l :sa. ;:)IJ • 
() r\A ~ S,·(/y ~ . 

2(," AI~ .c:;-~ -4~ -((- 11 
~ N-F> 

ZJ" Y!r.. , -9 -~ _q_,() ~( 
~ 

If\ 
~I 

f'll' lA !u Z-3-' '1-1;-7 
. 

~ 
. 

ZJ!J" ~- J.! ~-~"'" ~.(;_ ~ 
(0 

1\ . 
(Of" 

\/ - -
1\ I.J 1~-h, '.1-7- 7 . 
·~ 

1'1" Y. lt.t '-1-5'-(. r-'7-lt::J 
I) 

lj . 
~/ 

. r.·· 
~~r AIL{ ?~ ~-7-7 

~ H -
1'1' X :u 7-J- ..,_,_1 ::> 

Z.O. 
4~.-l·~~iJ . 

Jib'' v .. ,. . .. 
~ ""' 1"1' -'1- ;_p..- s;.,, I '-f /Z. . 
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~· tJec..~ 'S.___f~ =2r' I 

: .. 

I .. .. 

• 
-

~ (.}...,~ ~~e~' . 

. ce;c=--f~ re..C~ / e 11. 17 1
' 

~ ... - ...... . 
.. 
. . ·' . .. 

"' 
... 

1 ·~ ~--~ 
I 
I 
I • 
I I 

I i 
I 1 I . 

i . 
: I 

CAT!: 
I 
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PROJECT Wk-£i~~ lL-! ~,/;,.,Cj ~ LOG OP TEST lORING No.8-/'9. 
JOB NO. ~~ -~3-( .DATE. J/t'/~U 

t!mt 5"s-C-zo3) -· RIG TYPE . ~ &7~:'' Hs~ •• . . i ~ BORING TYPE - • I _J .. 
} :-= .: -o ·. 

• • c • -· 0 
.. . 1- ls SURFACE ELEV • 

~ 2 0 .. .. ~c. .c. ~ 3 IJ 0 

0 = c ....... . - OA Jl.l .! 2 • 0 " 1 1 
.... 0 c ~ ~ c .. ~ 

c ~- .2 •A • •• " . • •• J: -- . .- .. Q ... -;u 
A. -·- .... ... .: . c c • ! 0 

oo- "i ; - " RENUICS VISUAL C:LASSIFIC:A TIOH • 0 • • - ... - .... c-
Q ~a. a: I) ..I =-..! Q..l 2D. ~IJ 

0 
.1~'' 1\J ~ A ::· .. 

~J.fy. S~rW( -
J.. £<2-'Z-, -4-~ '.-.J ., 

~ •. ·-=. -· Lo 'P.L _ .. · · 
'lO" Yiu_ iCt- .(.-" _, -~ ·w~~kly Ci?.~~-k4 

s- :t\ 
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M ·' ·~ 

l'f" )( U_ 14'-S'- :-~-s .. -'~~·~.:. 
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IP . ~ :z.l" }. IU ·3-< f. 1. -_j_ .!. --·'f:• 
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\J J'(''' AliA. 1(6- ,_ J-(#-ft:l 

~ v. mo.·ri-
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GROUND WATER SAMPLE TYPE I 

I 
DEPTH 

I 
to!OUFI l DATE 

I 
A - Aut., cufti"t•• I - Block •-,1• ~ SERGENT, HAUSKINS & BECKWml 
S - 2" 0.0. 1.31" I.D. tuloe .... ,,.. -
U - 3" 0.0. 2.A2" I.D. tuloe _,,.. 8 ~L.TI .. ei.,..CMMICAI."&MOI .. Il~ 

__ .......__,.. _.. .... _, -· Cl" 

T - ~·· 0.0. "''A·-oiiH Sl.ell>,. tvk, • . 
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LOG OP TEST lORING N0.3-.ZO 
. or: C:t1/12.. ;j('Z.o~)C.C. _i RIG TYPE . ; c .. BORING TYPE c, 'l-z. , r 1+5A 

- . i . ~ 
--~ 

0 ~ - i~ • o- SURFACE ELEV, • r:: • ... "':i:,..! 
... 

l~ , 0 .. -; .. ~ 8 u 0 

0 = c ... 
:.~ t c ~ . - DATUM , 0 0 .. ~ c 

1~ • • • • , . c ~- ~ Q. Q. .... - Q ... -;,U .:e.: ..... . - ... ... = • c c .. ! 0 
E E oo- 0 ; - 0 R!loi.A.IUS VISU.A.L CL.A.SSIFIC.A.TIOH 0 • • 0 0 - ... - .... c-
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GROUND WATER 
DEPTH MOUR DATE 

I , (_ ,.~. ... ./-, "v~) 

4-o~ r~ ~s.c-f@ Z' 

Sc-,p/~ r~.:tv~@ ~, 
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I 
' 
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i i 

! 
' ! 

SAMPLE TYPE I 
S£RGENT, HAUSKINS & BECKWflH 

s - 2" o.o. 1.38" 1.0 ............ ,.,.. - --------------
A - ...... cufti"t•· B - Block •-1''• ~ 
u - 3" 0.0. 2.A2" 1.0. twM •-"'•· IS 
T - 3" O.D. "''"·••II ... S).elbw twM. t 

CO .. UL.TI ... o•~tli ... ICAL.I"Ot"'IL..,_ 
........... ~IIIIC'I.I&•...,API•....,L,.M.IO'" 



PROJ.ECT 1!t'fCt"ct:t"' J.l.~-f- ? ; /,-,~~ LOG Of TIST lORING NO. B-21 
JOB NO a<i't -(p_<, K.. OAT~ //~/ '1'2. {) 

RIG.TYPE Cmg s;r~zo3) _i ' ~ • • i e- BORING TYPE 1:z.. II ~ - • I . __ ! .. 
IJ 

. ~ - cO o- SURFACE ELEV • • • c • -. 0 .. . 
J• II. :0 0 .. ;; ~c.~ :: ~ l~ 

0 = c .. ,., ... .- OATUU .! .. • 0 .. 
1 11 

.... 0 c ~ ; ; ,..: 
c ~- 2 .... - •• o-; ~ --· .-, Q ... 

::~ Q. -. - .... ... ;:: . c c • ~ D .!~:; - 0 REMARKS VISUAL CL.lSSIFICATION • D 0 o ~ ... 0 • c-
Q ·u a.. rx C,)..l =-- Q..,j :l_a.. ~u 

0 r\A .Sm ~f so-# s,·l+y 5AJ Z.2" }. ,u_ 11-J.·i r.,--=> 
~ L.t,7'I. 

'2,.1. y lu ~~-2- 1-2-2 ,J I.Jtp..kly ~+d 
~ !/' 

1\J ./.·tV'~ tf'' A ;CA. (;:1-1'1- ts-3-Z. +~ -1. yel(cr.J -4 ~~ 
H 

l<l" IV LA. IS-"1-~ ,-S-'-1 

10 "'' 1\J "').P" l\ (.{ 1'1-~-· •-"> _, ( -4. ·/;,_.,s \ 
~ 1"74 <" ~!z.J'f.,__, Ill 
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~ IS'"' f>eol~ 
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: I I 

GR0Ut4D WATER I . ..,. I .... OAT!!; 

... 

.SAMPLE TYPE I 
A - ,..,. .. cu"i"t•• 8 - Block ._,lo t2t 
S - 2" 0.0. 1.31" 1.0. tu ... _,,.. _ S 
U - 3" 0.0. :Z.A2" 1.0. tu ... •-"'•· 5 
T - 3" 0.0. thift•wolle<il $MI..., tu.... t-

SERGENT, HAUSKINS & BECKWT'Tli 

COMeULTI•• OIO"'f'tCii'UIIc,A~ 1...01•1.a .. 

"'""'· • AL..UOUI..OUK • ..... ,..., r"W 
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PROJECT aJ..e.,c.,"~~ 1-/.--.. + ,-;.:I. ·~~4i LOG OP TIST lORING NO. B-22 
- JOB NO. 'C<ll--&::iC... DATE I /91~1 . 

. C I"'''L -T'4)' {2-0r., ') ~(.. -· RIG TYPE . ; i ~ BORING TYPE u. '/, ,I 1-JSA 
- • I --~ • • :-= - -cc 
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.. GROUND WATER. SAIIIPLE TYPE I 
O~"'TH HOUR OATE 

A - ,..,. .. c""i"t•• 8 - Slocl& ·-~·· ~ SERGENT, HAUSKINS & BECKWITH . 1-J o,.LL s - 2" o.o. 1.38" 1.0. , ..... _,1.. -
C.o-e.uL.TI ... OIO'ftC ..... ICAL. llllfOIJIIIU .. U - 3" O.o. 2 ... 2" 1.0. to•M _,,.. IS 

_________ _.. .... ...:I~ afY 

T - 3" 0.0. t+.i ... woll ... Shelb,. tuM. f 

,fi 



PROJECT ~i~i~.:a.,"" 1-1~-f. To,., /,.~ell\ 1 LOO OP TIST lORING NO. 'B-2:, 
JOB NO. £'\?t-"3K.OATE 1/t" /~2- (/ 

RIG.TYPE ~£.. 5>'fs~3) -· . ; 
- • I . i ~ ' 

-~ 
BORING TYPE _.e L:z ~ SA - } 

~~ -a • ... . 5- SURF4CE ELEV • • • .. : . -.. 
l~ II. -' ~o~ :; ~ u 0 

.5 : = ~ .! .... ! 
j 

:. '": t c • ~i l~ 
DATUM :1 • • 

j •• -i c • - J: -~. Q ... .;u :; .!. .... .- .. .... =. I. I ... c c • ! 0 .! ~= 0 ; -. REMARKS VISUAL CLASSIFICATION • 0 • • .JI c-
Q UA.at I) ..I c-.J Q..l 2A. :::IU I 

0 rv sm ~J-
I 

')~ $;1_ ~4 Xi' 1\ IK 11-{-t- "f~ 
~ ~..;, I 

ul Ylu 13 -&.l..J-1 -3-Z. 
~ .1 'I.Jt.tDo.l:./1 t.l""~~ 
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GROUHD WATeR 
S""'PLE TYPE I • , ••• T. I HOU,_ 

I 
DATE 

I 
· A - ,..,. .. cw"i"t•• B.., Blec~ •-''• ~ SERGENT, HAUSKINS &. BECKWITH 
S- 2" O.D. 1,31" I.D. tuloe _,,.. -
U - 3" O.D. 2.42" I.D. tuloe ._,,._ . IS COW.ULYU•e OICI'ftCMtUCA'- lfiiiOIMI'I_.. 

T - 3" O.D. thi,..woll ... ~lloy tuloe. t ..-ol,.l& e ALa\ICUJI..OUa • ... IIIIITA P"l. 
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'W1 . .J I ~~ ·f· 
PROJECT nre1f'·t;e-. H,..-r- -· '"re-r 
JOBNO ":'?1-(r>t:_ DATE I /a.t?l 

LOG OF TEST lORING No.B-2LI 

'i 
• l&o 

.! 

.c 
i. • c 

IJ 

-~ 

10 

'~ . 

to . 
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. - ~ 

·em~ 7~{~'\ cc_ RIG TYPE -· . - (p '1-z. ., J..~SA • • c ... BORING TYPE - . i . -
--~ 0 - - -o • o- 5- SURFACE ELEV. • c • ... :i:,.! ... . 
l~ ~ 0 " 

.. . -: : u 0 
o ... 0-= c . .., ... 

c - . - ,..:: DATUM 
~ 0 0 " • • .... 0 • • ; i 
c - - 2 "i. "i. -~ - Q ... -;u . ·; 
:i.! .... .- ... .... = • c c • E E .!~= 0 ; - 0 REMARKS 0 • • ! 0 0 0 -~ c-
UA.II: ~_, ... "' ca-.! 0..1 2A. :::>U 

l\A W/L 
l,P'' A I '1.jf• .:.-t- -"7 

vYt or' sf--
M I 

zi:l' y I /.A ~-~- '-Z.- ~ 
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I"" v IU, 7-7;..~-11-1 ~ : 
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GR01JHO WATER SAMPLE TYPE I 

C"lt. 
Dlt,.T14 MOUR DATE 

4 - ~._. .. cyttinvo. I - Block •-pie [g 
S -·2" 0.0. 1.38" 1.0. lul>e ..... pi• -
U - 3" O.D. 2.42" 1.0, ,.,a,.. ,_,,.. 15 
T - 3" 0.0. thi.,.welle4 Slo.ello., lul>e. t 
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Coe-e.UL.1t .. e OIO'nc.M•Ic..a&. lMOI"U .. 

-·.......au~-... . ._,.,. . ....:_. em 
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PROJECT YY7 f'_ <11"~11'1 1-1"'-+ ld .(,."' ... ~ LOG Of TIST lORING NO. ,4 -ZS 
JOB·NO ~1-"3 K .DATE. l/"tfr'2- -u 

t!Yn £. ~ ('2c l ~ _i RIG TYPE . ; c .. BORING TYPE {.e ·7~ ,, 1-6~ 
- • I . - c 

'; 

} 
g..: - cC -·! SURFACE ELEV. • • c • -. " .. . o-

"" :I 0 .. ii 
.c,..c. .; ~ u • ls 

• : c ........ . - DATUM .! :I • " .. 
1 

..... 0 c - ; i ,..:: 
c -- ~ 1 .... -

• • . ·; 
.C· =•.: . - ... Q .... -;U .. ...... ... = .. c c .. .!~= 0 ; - " • 0 • • ~ 0 

_.., c- REWUICS VISUAL CLASSIFICATION 
Q UA.III: ~..I =-..! Q...l :(A. ~u 

0 1\.11 _51'!1 Wtoisf sJ./- S;/.1-/. s~~ 
I 

zt' AIU. I ~T-1-. ~-'1 
H ~~f ~IJ I 

/(,'' Y·,~ ~- .,_ ~ -'t - i" 

s /\f ~1'1:. 

].P' 
\Jl ... ~ A II .J 

..f"-' -4 d..:./e ~ yeficv I l\-111\.- TT T"' I I ,I 

I-;..'' d ... .. l -1. ,, r --~.a.,.r.,~c;\ ".!""- CJ 6o ... '( 
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GROUHD WATER SAMPl..E TYPE I • I 

..... I HOUR 

I 
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I 
A - Auv .. cuffi"V'• 8 - Block oo101ple ~ SERGENT, HAUSKINS & BECK'HTTH 
S - 2'" 0.0. 1.31"" 1.0. h•M ...,.,,.. - S 

. U - 3'" 0.0. 2.42'" 1,0. tuM ••"'I''•· IS CDtoraUL.TI ... II~O"nC .... Ic;.AL. IIIlO I MII .. 

T - 3'" 0.0. t+.i"•wolle<l S"-llty tube. 1-
~OC ... IS • AL.e\oiiOUIItOUI • .._....,, .. 'I 
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LOG OP TIST lORING No."B-:za, .. .. - C.rr7 [. "'7s-('2c(d ~ c.c -· RIG TYPE . ~ (, '/. ., :.1'5.£1 • • c .. BORING TYPE t.e :... il! . ~ c 
• co -·! SURFACE ELEV • -• c • ... -.. .. . ·-.. .. Q..r: - ~ IJ 0 .l~ ~ 0 .. "'i .. .. 
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~ II II .. • • c ~ ~ c ..,.o: 
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GROUND WATER 5Aj,IP LE TYPE l 
DEPT14 140UR DATE 

A - A.,, .. c.,tti"e•• 8 - Block •-plo ~ SERGENT, HAUSKINS & BECKWil'H 
S - 2" O.D. 1.31" I.D. '"be ...-,1.. - ____ ....;..._ _____ _ 

C~UL.TI ... OIO"f'WCMMICA!e. IMOI•If ..... 
~· ... •o•~~C>4 . .....,.,. • ......, LJIIiiiC.l en., U - 3" O.D. 2.42" I.D. ,.,..., •-plo. IS 

T - 3" O.D. thi"·wello4 S'-•"'" '""•· t 
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PROJECT ytle~~V\ 1-/tA.--f- .t;,. ,.l,·.,#t.r 
.JOBNO. E<if-t1'3~.0ATE 1/0,(~'2... u 

LOG Of TIST lORING NO.fl-2-f 

RIG TYPE ~h'{£ S'"'S""" (ZD3J 

• • II. 

.! 

-= ... • Q 
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• c • 
:I 0 " • ;:: c 
:I D D 
c • -=e.: c c • 
0 • • 
U~lll: 
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"i 
" .2 
!: 
"-' 

... 

: j 

I 

. ~ • • • • E I..:: E -. " ~o~ ....... 
.... 0 ..... •-"" .!~= = -..! 

GROUtoCD WATER 
DEPTH HOUR DATE 

. -... . :; a 
c • •• Q ... ..... 
~ ... 

Q..O 

~ '!z. ,, I /c-A 
BORING TYPE_.,~~~-=--:...;rr-.. .~..._·---------_,! 

l] 
SURFACE ELEv. ______________________ ___ 

' 

-.= . ·; =· - " c-
::::lU 

DATI ILl 

REMARKS 

' 

SAMPLE TYPE l 
A - A.,. .. cwtt;"t•• 8 - Block oo..,plo ~ 
S - 2" 0.0. 1.31" 1.0. tooloe .. ..,,,., -
U - 3" O.D. 2.42" I.D. ,.,.._ •-pie. D 
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SAMPLE TYPE ' A - Au, .. cwfti"'"' 8 .. Block •-Pio ~ 
s - l" o.o. 1.31" 1.0 ............ ,... -
U - 3" 0.0. l.42" 1.0. ,.,.,_ ,_,,,. IS 
T- 3" 0.0. thi,.•wol'-111 Sl-.11•• ,.,.... t 
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PROJECT tfl-e;C. !fAr 
OA TE I J'ijj e-z.. 

LOG Of TEST lORING No.f/37 
tt'//11~-5T ~ -~3 _; RIG TYPE . ~ ~ ,· .. ~ 

.ff'":" /.: • • I~ BORING TYPE (J ... - . I i "; • s.: 'CQ 
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- GROUI'IO WATER SAMPLE TYPE ' DI!PTH HOUR 
om I 4 - Aut•• Clltti"t•• B - Black •-pie ~ 

s - 2" o.o. 1.38" 1.0 ............ pl.. -
U • 3" 0.0. 2.42" 1.0, ,.,.._ ••"'pie. IS 
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PROJECT fYle: I{ ;c..::::....... J.i"'-+ r:.. .. (; ~- ~ ! LOG OP TEST lORING No.ft38 
JOB NO. rS'?it -f£:.:2 C... DATE I 7-, ltz_ I 
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GROUND WATER SAMPLE TYPE I 

O~P'Tio4 "40UR DATE 
A - Aut•• cutti"t•• 8 - Black •-pie ~ SERCENT, HAUSKJNS & BECKWITH 
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PROJECT . /fie~ ~A~ ll1!r LOG Of TIST IOIING No.c39 
JOB NO~f-6-JK - DATE ·~:.a::. 
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-' RIG TYPE ~;-SS' #;>.cj' 

. ' (, ~~~ ti"St'f -.. = !to BORING TYPE 
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a.:: ~~ _] 
• • I • -:1 ... . 

li 
SURFACE EL.EV • .. I " 1 ~~ ~ -;a u 0 
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GROUHD WATER SAMPLE TYPE I 

I ···T·j MOUA 

I 
DATE 

I 
A - A.,.., cwtti"t•• I - Block •-11lo ~ SERGENT, HAUSKINS & BECKWITH 
S - 2" O.D. 1.31" I.D. twiN ... ,... -
U - 3" O.D. 2.•2" I.D. twiN .-,lo. 8 -ULTI- OIOftCMttiCAL lltoOI ...... 

T - 3" 0.0 .... i .. •wollocl Sholl>¥ twllo.t(~ t 
......,. · • eo 'PO• •IM'fA,. •IMJI.MI c:rrt 



PROJECT tyle_._,c,·G.c..-"' 1-f.t+- #:/:.,..c.,~ LOG OP TIST IOIING No.Cfo 
JOB NO Eflr-v~ I(. DATE l/1o /t" ~ ..., 

C"" 2- -, -rc 2 •G. ~ C c _-, RIG TYPE .t; = Jt- _.! BORING TYPE {, 'I"L" I-ISd_ 
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SAMPLE TYPE I 
A - Au1•• cu"i"l•• IS - Block •-plo t2l 
S - 2" 0.0. 1.31" 1.0. tuM _,,.. -
U - 3" O.D. 2.42" 1.0. tuM _,,.. IS 
T - 3" 0.0. tt.;,.•wello4 Shelby tubo. · t 
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SERGENT, HAUSKINS & BECKWITH 
C-UL.TI- e&GftCtltlli;AL.II ... UCII

-·--10.11•-'"I'I•~ ...... f:lf'f 



LOG Of TIST IOIINO NO - --PROJECT - • 
JOB NO. E~'- >.~K DATE I .. ,, , .-?/ 

Ch,t: -.S.!:' ·~J.3 .,i RIG TYPE . i; 
= Je- BORING TYPE . "' '~. , . A¢ 
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t J i: t• .!~= "t-.i - 0 RIMARICS VISUAL CLASS.,IC:ATION .. 0 0. :!o 0 CloCK 0..1 ID ... .! 0..1 211. 
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GROUND WATER SAMPL.E TYPE I 
MOUA DATE A - ,..,.., cuttint•• I - Block •-''• t8J 

5 - 2" O.D. 1.31" 1.0. tuM_,,.. -
U - 3" O.D. 2.42" I.D. tuM _,,.. 8 
T- 3" O.D. thin-wolled Shelby tuM. t 

SERGENT, HAUSKINS & BECKWITH 
-~TIIOO NOftCMIUCAL II"OIIIUft 

~~~C~~Ma··•n-11•-...I'I•IMlUOIII~ 



PROJECT f11 L,..,c/u:.""' 1-f.A.+ -,_~, -/.·,.,...,.~ LOG OP TIST IOIING NO. (!'lz.. 
JOB N~. ~'3 '/-C,3(.._0ATE I /lol~t v 

RIG TYPE . cC-11'1 L -,~~zoe,\ c. c. 
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SAMPLE TYPE I 
A - Autor Cllffint•• I - Block •-''• t2l 
5 - 2" O.D. 1.31" J.D. t11~ -pl.. -
U - 3" O.D. 2.42" J.D. tu~ _,,.. · 8 
T- 3" 0.0. thin-wolle4 51\olb.., tube. • 
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PROJECT ~~t:tll /Mr .· LOG OP TIST lORING NO.C7::5 
JOB wnES/~3/: .OATE 1 '/J :-;\ 1 

(./Yf~- 5~ ~ 5 _i RIG TYPE 

- i i = Jt- BORING TYPE r. '6 • fl.s"iJ 
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GROUHD WATER SAMPLE TYPE ' I 
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DATE 

I ·A - ...... cuttint•• I - lloda •-•'• ~ SERGENT, HAUSKJNS & BECKWITH 
5 - 2" 0.0. 1.31" I.D. tulle_,,.. -
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...._.~IIQUI·-•'I•IMJ..-cm' 
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A - Aueor cuttil•t•• I - llocl& a-.lo tBt 
S ·- 2" O.D. 1.31~· I.D. ,._ -ttlo. -

. U - 3" O.D. 2.42" I.D. tu ... -•lo. I 
T - 3" 0.0 • ..,i,.·wol.e41 Shelby tulle. · t 
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SERGENT, HAUSKINS & BECKWITH 
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GROUND WATER SAMPLE TYPE • • 

I DEPTMI MOUA 
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I 

A - ,..,. .. cuffinl•• I - Block o~lo ~ SERGENT, HAUSKJNS & BECKWfTH t s - 2" o.o. 1.31" 1.0. ,. _,... -
~U&.TtMe O&OTCCMMICAL ..... - f u - 3" o.o. 2 •• 2" 1.0. , ..... _,... ., 

T - 3" 0.0. thin•wollotl Shelby tv.... f -·----•-'API•WJI.AGc:nY . 
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PROJECT ~~~·c~~ /-lA .f -r;;. '. /.-, ~ ( LOG Of TIST IOIING NO. C'f6 
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_; RIG TYPE {!.Wf£.. '1~~2oC~· ""' 
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-·~ ·-AI'I•IMJUIIIII:Iff 

GROUND WATER 
. 

SAMPLE TYPE 
DI!~TM DATI! ' A - A.,.., cyWi"t•· I - lloda •-,1• t2t 

5 - 2" O.D. 1.31" I.D. tu"- _,1.. -
U - 3" O.D. 2 •• 2" I.D. tuk _,le. 8 
T- 3'' O.D. tt.ift•welled Shellty t11be.

53 
t 

SERGENT, HAUSKINS & BECKWITH 



PROJECT !Y/()1,~ hr LOG Of TIST IOIING NO. e J/1 
JOB NO ~/- .141(.. .DATE J/h.I/SI 

-#~ 1/"a: (: -· , £'S' -· RIG TYPE 

.ij ·.: ~~ BORING TYPE '~, fl.r# 
'I 

IJ 
.!~ j~ _,! • • I • ~ . l! 

SURFACE ELEV. 
&. ;~cr. -: ~ ·-~ ii .- DATIIU .! I i D .. 

11 11 
A. • D I .. . ! i ~-= .. c .. - ::i ..... cl .-

. : ·~ .-~ • v - . 
!: d~ 

-. 
l J c. oo- - .. - D I!MARKS VISUAL CLASSIII'ICATIOM •• -·- 0. :!u A.IK 0-' 111-Jl SA. 

0 
I' , /. M••Jc·· ,!'u·,- £..' t':--· ,J-~ . 

:;2.D f '.J V·tr, ... r-.;-y- t-f I~' j." :.lp:-. I 

~ ~t"'~ 
2-tl t "' 1-3 5-1'1~- I ~ ~ '?1!/!-:-J~ -~ .. 

. 
~ 

:1o 
I\ I 
;. 1;.. 1":< .... :2 1-- , -;; f..-2 

. 
~ 

1\/ lfj +1--5 IJi' &· 7 
I/\ 

lo Jf; 
It I 1-

•/ , .... l5 ., ·C.-B I • 

h-1 

IV, 'I , .... _ -~-~- co -'7 ·(I 

Jr I/ 
rv 

?1) 1\ 14 1'7._//- ) -16- r' 
~ ,. 

,c; '!-.. '- I D -7· 'r-7 7 .. Ill 
.. 

' ·-

~-
I r-. 

1\ I 
,/ 

"A:> J.. ""' I~ ... I" D -,- f 

~1/..t'-!t!J' H 
"110 " 16 '1· ""/· 'I o-t;. V2- ;d,;;;: beat""-'~ S'C4b6A-~ 

:li 
~< I ,, red' 

ICO X 1.;\ 1'--/ 7" VJ.. ·I I SG/5 -'IV 
.i ( _.. -

· L~(!!£j'0/· II> ;o .h €2..7' -~ 
~~ ~- ··i. 

~ 

I I 

. .. ·~ 

-

. 

GROUND WATER SAMPLE TYPE ' 
.• 
.~ 

I om• I MOUA 

I 
DATE 

I A - ,..,.., cu"i"l'• I - llocll •-II'• ~ SERGENT, HAUSKJNS & BECKWfTH 
s - 2" 0.1). 1.31" 1.0. , ..... _,,.. -

-IIL.TO- 01-•0CALit .. IO-U - 3" O.D. 2.42" I.D. tuloe ,_,,., 8 
- • ...-ucllll-aut• -· ... ....., Ulill t:n'r T - 3" 0.0. thift•wollell Shelbw tu.... t 

. .91 



1-1 -1- - ( PROJECT .M. 2 ""I'~~ ~~· I~,· t-1""\.. ~ LOG OP TIST IOIING NO. 
JOB NO F;,~l-~1< .DATE I Ito /V'Z- tl 

- .Cfl'r i..1~( ZP(, ~ -· RIG TYPE ~'-
.. i' = !to _J BORING TYPE ~ '/~'' l-ISA 

·' . 
IJ 

.!~l .~ • • c • "' . SURFACE ELEV. ... ;·" 1 "'0 =; 3 u. l8 : c :.~ t .- DATUM II II 

li 11 
I .. ! i 1~ ., c .. - 2 • .a .. cl 

=·~ 
__ , 

• u . -. 
t: e-.: -. 

l li c • oo-
j~ 

-II I!MARkS VISUAL CL.ASSI,.CATION •• -... - c-
U"-~ "~ CD.--! c~ ::IU 

... o. 1\ J 
-~ . 

zs'' . - I . 
X lt.t r---~- IJ -. i• ,.·· 5;/.fy' ~ ... ~ . 
'i 1111 14·~~ r-7...,. ~ .. ,J'f> 

··~ . zr' 
1/ ' 

. . 
~I \ 

wto;J- r;t ~~~ 
•. . 

lA If;{ .t;" -l.f- h'_(p.;:: f . 
~· rt--:; 

.. 
. 

y lA -r-4 ~~-"'- P1 ' 

'ZfJ" 
.. ~ .. 

10 II' 
,_ I· 

I\ I 
. . -

1.P~ II\ lw 1"5"" -s--- ~-1-lt:::J ·. 
< ~ . - ' 

~,, IV lu CI-C...J t-/o-c ' 
, .. 

'~ 
II\ . 

~ 

~ 
.. 

l~" X lt..i ICJ·-r-<IP~ro, r.:s . . . 
~ ~ ·-. - . . - -

f'{'' IV I~ 1~-7- ro-12. f7. -
V\ 

. 
ZD 

.. . -1\ J . . 1"1'1 X it.{ 1/f -11-1 e,~..f~ . . . 
. ~~·----:.: .. '- ., ·-. 

\J ILl ~-t- ~ -11./ .... '2 0 
. 

r-- ~ ... 
1,$:"f----- /'. . 

\I . .. . . ~' J... ll.t( I/ ( -1 (- ·z...-ts fLJ . . .. , 
~ ----- .. 

/{.'' v ~~ !q~lo I/2:.-Pt 22. -- . -
V\ \ . 

~ -
1\.J • -

11
11 . :."' •-' . 

I\ It< ./Z· ·ftJ ·10-fZ.· ~Is 
. . . 

. · 
I- . ... 

t-t;" Y. /tJ-1 ~-m-It 
.. 

~,,.f/ 1&.-t .. -. "· ~ 
II ' 

,...... . . 
. 

~ 

i '35" .... , \1. 
,. 

~ 

. -L",.,~l..-· . 
• r-~ - ! Sc.-L<: . --I .. .::. -- .. 

.. -...::::- . .. 
. . 

- . 
{J;fl~ ,r-/~~: l{o -,-

1!. k_ff~ ~~t-~J ~:3ss~ ;.., . 
•· . • 

. .. 
' . . . 

•. . . 
• 

' "" ,. 
' 

. 
GROUND WJ.TER '· 

I SAMPLE TYPE ~ .. . . a 
A - A ..... cyttitttl• I - Bleck •-111• ~· 
s· - 2" o.o. 1.31" 1.0. ,.,.._ _,,.. -
U - 3" O.D. 2.42" 1.0. ,.,.,_ _, •• ·• 8 
T - 3" .0.0. thitt•wellecl Shelb¥ tybe. _ - t 

~~ 

MOUR DATE SERGENT, HAUSKINS & BECKWfTH -. 
-LTI .. OI'OftCMMICAL-IM-

......... -.aiiiOUI •-'AI'I •11111UIUc:nY • 



PROJECT n'J~tJMJ J/n-- LOG OP liST lORING No.C"z'1 
Joe No r'--L .. ~.~ .DATE 1/tlftl'Z, (' .. ,.-; ~-- 5S" :11. .A:>~ .. -, RIG TYPE /t!r:- . : 

.. ii = ~~ _j 
BORING TYPE 7?'l). I' 11~1+ 

' ,! 
a~ 1e • •I • -:=.: .. . ls SURFACE ELEV. ... =-- u 1 ,~ .. , : ~ uo 

. DATIIU ~ 
, .. I: . . ... 
•• 1 11 

• 0 . I .. s i -=~ c .... 2 ...... c1 .. =·~ ... ·-, 
~.: 

-;u -=· t j I:. ! 0 .!~= - .. - 0 liM ARKS VISUAL C:LASSif'ICATIOM •• 0. c-
Q ~- "-' .,_~ Q..l a~ ::.u 

0 I\/ /<.~ 
.,..J_ -5mt:! s,. f1r;, s /!~£) 

/1", "'-. . ,_, lA. lu 10 & 1/ • 'i ~/IJ ~~ p:rr. . 
h / ·. ~~(~(~~-~ 

IW y ILl 1~-L./- ~ ·1/ .... , ~ io t,.Jh~·k 
\ 

~ 
~ 

I 
IX :.,. ., .. ?; 7.-' '!' '} 

IT 
ft7 
J. ''-" £, _r;- r- .t;-,/ . 

i 
/0 ' ' U1 I. LA r7-7- 17 -1'- .. 

1-r: 

'7/ X '"' f1, .'P· /()- (/- lV 
V\ 

I~ If i I 
A (.A ,,,..IJ t'l. ·II ~" 

H-'1 ~;·~. '· 

ro y [i.t I :2 •Jt 1'-//,, r-:~-;~ 

. 'ZD 
IIi_ 

I\ 
I~ _}. v '/-' jtJ- r" _q ... tj .. 

..;.._: ... 
;q / lA 7 8' .q '!/" 'I 

•-u:- .. / 

[3 I 

1.1 lt I v- 1 .... t) •J/) .. j/ 
~ / v,.f;,,., 2,0 \I :.! ~-I; /(j I 5· 7 'f .--

~a " 
I 

-Jd.LJJ-f 
! ·/· ... •· 

~~ 
~ ~ 

... 
S'l ·-v [:ti J~ /') . I I I,. 1 J. J ·- "&- ..... 

tl:-. / r Alf'O 
P«<~ 

I~ v {) 1/C'-(t> ... ....,...,.; r:tf z . ~. 
r~ 

r!~ 
~" I 

1,-..._~~,~e_s'I'J"~ 
- ~-1 @ $' .(.) ' 

--- . •· . ., .. 
1/D 

. ... . ... 
GROUND WATER SAMPLE TYPE I 

. 
1 •••.. 1 HOUR DATE A - Aut., cuttint•• I - IJoctr~le ~ 

. s- 2" o.o. 1 •••••• 0. tulle-~·· -
U - 3" O.D. 2.42" I.D. tu ... -~··· I 
T - 3" O.D. tt.ift•wol'-4 Sloelltv tulte. s-~ t 

SERGENT, HAUSKJNS & BECKWITH 



v 

LOG OP TilT IOIING No.DSO 

RIG TYPE C-ML 7~(.2#Gr) '<: i, ..-..... 
BORING TY.PE {, '/., 11 1-1$11 
SURF.J.CE ELEV. _____________ _ 

OJ. TUM 

REMARKS 

.. 

VISUAL CLASSI,.CATION 

~ .. 1-ly. ~ ~;; 
NP 
rt.· -

:~ :, .. _ [tJcle. ·. sn~-&e s(~<: ..... 
. Yl'l/fe/ ~~~ bJ-._ 

Jt!f 1\ [£,t 13-{~Jf5-!5~'Z..P 
f-l 

. ,, \1 
j4' 1\ u!IZ·/2f-l~-/1 ... " 
.,~. 

1~ Y'a i4 .. tt- '7 -11 ~II 
~'' 

II J 
( &-J 1\ U I ~ - f(, ,q- f fl. - 1.'-f 
~ . 

tf' ~1..! ~ d~r-lf.!._ _':f'.f ~I 7 

ttiV 

J o,'l V 'tl{ I tJ- (t./ •'72... • "Z. .. 2."' 
qo ~~~'~~---+---r--~ 

1-----1 . i.e" !. lA ILf-6- '7~Z.I./~:7Jc 
H . 

/' 
.. _y 1A ~-lk -ZJ -Z. -Z, 

. I/ \1 
.-~~-~---+----~--~ ,,M 

5';:1 

' 

. ...,... -... 

. . 

•.. . ·-

;,Ji' y:'-'{ llfl,-'1-Z.- f7- lfti-E 

5D~~--~v~~~~~--~--~--~--------~---------------·~ 
GROUND WJ.TER T p • ' SAMPLE Y E . l 

A - AUier cuttint•• B - llock •-''• t2l 
S- ~:· O.D. 1.31" t.D. ,.,.,. ~~.. -
U - , .. O.D. 2 •• 2" I.D. tvM _,,.. B 
T.- ,:, O.D. t+oift•wolletl Shell>y tuM. t 

57 

O~P'TH . HOUR OAT~ 

..,~,-r~ ,,, ,, SERGENT, HAUSKINS & BECKWITH 
-U~TI .. oacrntC:MMICA~ ........ .. 

-·-D·-·-""f'l•u.JU!dt:lf'f 

• 



PROJECT· yY}e,.,,·~A.&A. J.)..,-/- };,.,-/,·""~~ LOG Of TIST IOIING NO. '050 
JOB NO. £ f'I-U~·£.DATI= .·litO~~~ - 1/11/'&7... 

RIG TYPE 4C.W1~ -rr fs z.cG, ~ t:. " .,i 
ij i .. !to _! 

BORING TYPE ~ 1 z.,; f 1 
' J 

.: 
~~ • • i. -: J. .. . -- SURFACE ELEV. 

&. ~ 8 .R -~ i; ~ 'i .. -~ ~ .- DAT ' 
.! D D 

1 1 
•• 0' " I ... I I ~-.. . .. - .:c ..... cl •• :i~ ... ~-"D e-.t 

;u =· l J c. ! D .!~= - .. - D II! MARKS ~ISUAL C:LASSIFICATIOM •• D D :§u ~II: C) ..I 111-Jl C..l 2~ 

s-o· 
/t.{' 

\1 ~ 

" "'- t•rr;-r ~I ~ 
~ 

(ct.'' )( !c.t ! IZ,-1'-/ .. IOZ:: "fl. [~/J J -t~,.f,· .... s,-:: 
55 

., 

~ 
S rz __ ,;..<. 

s--f~ -
~ . 

~e-rf~ re..~~e· 
"- sq,. t:t ,, 

,~ 

-- . --::-· 

. . 
1D -. 

.• -

" ... 

. --· - .. 

• 
-UI.TI- DKGftCIOIOICAI. ·-·--
-· ..... O•IIQI••IMfAI'I•IMJUIIIIcm 

GROUND WATER SAMPLE TYPE 
D!:PTH 

I 
A - AutDI cuttifl_t•• I - lloclo •-••• t2l 
S - 2" O.D. 1.31" I.D. ,.,.,_ _,,.. -
U - 3" O.D. 2.•2" I.D. ,.., ... -•'•· 8 
T - 3" O.D. ftoitl•wDIIecl Shelbv tube. t 

s~ 

SERGENT, HAUSKINS & BECKWITH 



lt1&.iGIHJ 
~~ 

LOG OP TIST lORING No~DS/ PROJECT rrHl 
JOB NOES/~ i~ .OAT~ Jhrla'Z-

I' !12. t-~ ss- .il /) ~ 
. 

-' RIG TYPE 

ij; Jt- BORING TYPE " t. lA ,, ft._<~' 

= _J ' '· .._., 

.~ r! .. . ~~ SURFACE EL.EV • • i. -=.! ~e uo l8 a_¥ 1 i~ .. .- DATUM ·· li. 

11 11 
•• I .. ! I -.= c .. - :1 ..... cl . ·: :e.! t• .-, 

t-.1 
.u =· J c. oo- - .. -. I!MARKS VISUAL C:LASSI,.CATIOM • • c5j -·- •• ·-A. IX CD-..! Cl-1 :lA. :»u 

(;) ~·,~ T-It -;, • ') I ~ ,tlf,.£) ·/~ . .JY 

.• 'P !:.J '-1 .. tl ~ [:i ·l/-' .. I :;)I, .· Loc.,J p::z-. · . 
L~ t..uiC'?J .(JM11_,0 ... J !Bh X ·I 5'-'f~ !7-'. 

~ 
' fj-,1.,.1 t.fo wk ·k 

' 

t1' 
. . j ;! ·~- j~.q- 14' 

~ . 
IT' '..I 

'"'· 7-~ ~-K-c 
/0 

It'' 'J v_&:; .. ,t?-/P- f! 
~ 

!'& · tl.:f- I C) ... ro-~- 3 
/ 

IS" 
rr / .J i-tf,.. ,. ... q ... ~ . 

j;,.... . 
7-'3 I j ~~-.,..'1 / f.-{() 'I r 

v .' 

-z,D ,, ' . 
I .J IC,..f.5 it'Y•tt- ' -~~i~i:· i-'!-

1'-' 

• 'I' 

/B. I'll 1r-r II" IM·t" l-ID . -...·..,·/"~ 

.. 

I~ 
i .. ..... 

N'' 
\/ 
if\ !1-1 ~-10 r C II 0 

.. h / 

~b 'I. lt--1 !/) 11- I/ a ,.,. rtY 
;~ / 

2J \/ 
A ~ I Il-l) 13 ·/if ~/,:, 

i.L--l 
"):f IV 1,.\ IL/--(..r r1-!~-7 

.. ?$ 
II\ 

' .. 1\/ )./:, lA il.-1 ~~-~- ,_ .,_' 1/ 

:ft,~ H . . 
;;s iV V1 lt, .. s- '1-11- rs .~ .... t 

1/IJ-~ ~,~,J::. ~~ 1....£-rt ,. 
r\1 d"6 Jab,. ·-·-·-

),]_, 
.. 

·r~ 

" ItA 1)~-:3~ 1-4'-'~ ~ ... _$a/~ 
.....l 

~. r~r...~ 3~:u . " 

'{~ ~~~·dwr~e.d.~~'S' 
il -. 

: 

GROUHO WATER SAMPLE TYPE I 

-UI.TI- Ollcnu:IUOICAI.II-IIOU-

- • -0·- •IMITAPI •IMJUIIII r.trf 

, ... TMI HOUR DATE A - AYlor cuttint•• I - lloclo ._,a. t2l 
S - 2" O.D. 1,31" 1.0. ,.,.,_ -~• -
U ~ 3" 0.0. 2.•2" 1.0. tullo _ .. ,.. II 

. T- 3" O.D • ..,in•wollocl Shelby tulle. t 
6'7 

SERGENT, HAUSKINS & BECKWITH 



PROJECT fl1e_y:;~ ,./ e.-/r --,-;.. /, ./,4 c, r- . LOG OP TIST IOIING NO. t>sz. 
JOB~~~~ ~f..U!£.DAT~ 1/lt/q''Z-

RIG TYPE Cfl1[_ 7r{2&(;'2, _i c~ 

ij i Jt- _j 
BORING TYPE (t 'f~ 1

' tf.~ 
1 

If 
.: ~~ 

• I • -.. ~. 

l! 
SURFACE ELEV. 

~ :t_" 1 ~.~~·. • a u 0 

DATLJU .! Iii ~· 1~ I .. , .- .. = 

1 
• 0 ! i .. c .. - :i . ·~ .. cl.· •• Ji~ 

__ , 
~~ .; ·• . 

l 
.... 

.!~= e-.: -. R!IIIARKS VISUAL CLASSIFICATION •• .. 0 0. :!u O.IK C-' 1:1 ~.! C.l so. 

(/ 1\L ~M c:;:-17 ~~ z/' X 1"1 !~'"'~"""! 1--.,-~ 

~ . N~ 
l"'r( v I lA 1\.f-~-<; r-r.-~ 

~ 
1/\ 

~~. 1\) 
zP' A lu 1":;-?-~ ·3-s-
~ 

t"&'' 
y IrA 1/.J-t).<J. r-~-10 
II' [I 1\J 

~I /\ !U ~-1-': ,_(1:1-/ .2. 
~ 

I~' 
y 11A 7-1-1:. •17-lf 

f(' ~' 
~j 

1'1'' A M '1-'1-'1 1'Z-f z. 
~ 

.t .,till v '~ ·~·-&~ ,_,,_, a 
~ I' v ' 

lt'J lA lA ff ... ltJ 'Z-1/i:r ~~~ 
~ ,,,, IY 1.1 !O-Il ·IZ-f4 h't,t 

'2.~ if'\ 
i\ 

I "1' X 
H 

lA lq-1"5-~~-IZ- 115 

t1'' 
v I t.l ltJ -{4 ~li"· .,...., "q 

';~ '/' 
\J 

1(/ A I (A 1~ -r,· ~Z.'-{ -I' ·fer 
H 

~~,, )( Ill\ lfb -f~ IR"-u:> f-,q 
II ' s~ 1\) 

I'?" 1\ 1{,{ lf'-{W.• ~~~-~- ''5 
~ . 

,~,, v I lA 1/(, -11"'. 11~-lh- ltc; 

~ 11\ 
-J.a;/,~1.r I 7..'' ~ ,,. 

~ IV\ I'ZO ·~L-lc;"LI/ ~ 1 I 

- ·i-~ 
~~~ . 

~ fl,1~ ~,r:re~' 
~-r'e,-.,. re,+.~/ € 

L/1 '3'" • 

GROUND WATER 
. 

SAMPLE TYPE • OE .. TH HOUR DATE A - ,. ... ., cuttiflga. I - Block a-.lo ~ SERGENT, HAUSKINS & BECKWITH 
NC N't 5 - 2" O.D. 1.31" I.D. todle -~I• -

-ULTI- ··-MotiCAL --··-U - 3" O.D. 2 •• 2" I.D. tv!.e -~le.- 8 
T- ._ .. n.D. tt.;,.;wolled·Shelbv tuM. 'O t 

-· -OIPOYI·-AIII •IMJI.tar:t" 



PROJECT 1'-/-t,)(IGlHJ .,.!Hfr.- LOG OP liST IOIING No.l)53 
JOB NO . E'D/-6_3 JC.. DATE 1//1 /IB~ 

Cm£ .. 6'-S .=l~3 

·.~ -' RIG TYPE 

ij j BORING TYPE ~ ~ ,. 1-1514 
= I~ _J ~ ~ 

!j .. . J~ SURFACE EI.EV. ; ]3 -- ls 1 ,~II. ::~ ,. c Ai .- ·= DATUM •• 1 
• 0 !J c ~- 2 .... ~ •• .. =i.! t• ·-· 6~ 

• -=· t J.: ..!~= 0; -. .UMAitiCS VISUAL CLAS.SIPICATIOM dj c-
0 ~IX a:a ... .! 2~ :IV 

0 IV "c;.,- _s_~T" S' I I I 7/ _r-,~J.;() .,!. , !)':)!.,; 

')! l6. 2 '2.--::z_ .... 3 ·4- ~-'' I :;,rl wi') (l!mf, .. ~ 
. 1--: 

-z,t. .Y'. :,_• l..!>-:_2 ~u_-p ~OVI ?_ 4cf. . . • 
1/ ~ ~~ wl:;~ 

~ lf> J -:./\ '} , ... ~,... (, ... '). ~ ,, ~ -j_ =.,_! 5"'7 ... ·::;,'J i'r ' 
lv 

'2-1 
_;_ -:; 

~' ) ""(p - 0 ""t:S- I 
'· --

~ I '?· ·{..., ,_ 7- ~ 

1r ~IIJClei~ 
Jl'i"~ ..• ·-

-,...,;, 

~ U"-<.Kl..) 6-" :z._,-~ 
l .• 1 1~ .....,., .. 'L-"7' (/ - -
~ ......, - ·~· ,, /~ 

"" I 

ZD 
~-

I 

. 

~· 

. 

• -
GROUND WATER 

••m I MOUA .... I 

• 

" 

SAMPLE TYPE ' A - AUI•' cu"inta. I - llock •-plo ~ 
S - 2" O.D. 1.31" 1.0. t..M _,_,., -
U - 3" O.D. 2.•2" I.D. tuM -.-le. II 
T- 3" O.D. thin-ollotl Shott., tuM. • 

&( 

_,-c.,U( 

~---z; ---vf-: (.?" ~· . 6 ' 

.4)4""'7~ ~ le.JB s· 

. 

SERGENT, HAUSKINS & BECKWO'H 
C-UL.TIMO O&GTIICMtoiCAL. &toOl ...... 

......... •H•O--•-'AN•_..,UIIIICI"' 



.r 
\. . 

c 

~ • ... 
.! .. 
t 

Q 

(/ 

tt;" 

iO 

. 
r~ 

~ 

~ 

~ 

!) 

'/0 

LOG Of TIST lORING No.C5f 

-' RIG TYPE ,011~ :Z~~ (~)CC . .. i i . I to BORING TYPE ~ ':z '1 ft.~ 

! 
a~ = -o -" • I • -=.l .. . 1-

l] SURFACE ELEV. 
~: u 0 a_ u 1 1~ G. ·fi DATUM , .. c I .. 0 0 

1 1 
• o. 

-=~ c .... 2 ..... ol 
=·~ .... __ .,. 

t-.i 
.u =· I I c • ! 0 

oo- 0; -. IIMARICS VISUAL CLASSIFICATION •• - ... - :!v U~CI: c:t..l 111-Jl Q..l 2~ 

\J ~w'l s'!ft ~. z$' 1\ .t.t ~,.'1- ~-'-(p . -
~ 

-z.tV X u /,/.q .. ~-4-S re£.·9'L( f"' 
tt1 ~ IV 

!/\ u 7 ~-" i-~-? ·[N.k: ~r,.~ t~y~ 
H 

,~ .. X IU It/ -f3 .( ~-{ ~ !-(~ @. ~'-g] . l' . . \I 
~~ lA lilt 4-/:1 .. f3-IZ- '{~ 

H 
let" 'i IU '7 a.. 1""-11-1 

"' IV 
,~ .. 1/\ lilt I{, -fc- ~ -f()-1 rz.. 

H 

11' y u Ito-~· 13-ffD.., ;r 
If\ 
f\7 I -

(l' " Ill\ 113-IZ ~ll/-llf.-. rs-
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JOB NO. ~~~3 ,C DATE I /1~ 1'8'1 

, 

RIG TYPE tm£ t.)~~)CC .. .. 

i 
~ 

.! 
-! 

l 
D 

~ 

i() 

(t;' 

ZD 

?5 

3t> 

~'>' 

LltJ 

:• -
L(? 

_i .t; = 
I t' 

_] 
BORING TYPE (~ '6::: 11 A 

a-= •o 

I~ ; 1 3 -.. ,. . 
~- ls SURFACE ELEV. 

'i i. ~-:: :;~ 
,. 1: I .. •• =· DA IJtolo •• 

1 
• 0 .. i 1·: 1: .. - 2 • .a .. at !u :8.! .-, =· J 1:. 

... oo- ct~ - .. . -. REMARKS •• ! 0 ; :::i 0 • :!u ~IX C) ..I 2~ 

\) ~k1 
"Z.~ A !14 IL'"'"" ~ -"'t _, 

H, 
fYl()i5+ ·IDf rl y If~ 1"?-~- -~ -~....<:; 

II\ 
1\ ' 

z~r " irA IL1--~~ '..{p-1 

H 
,~,, VIU lffJ-7- • -9'- -~ 

[/\ . . 
1\J 

tfY J. I fA £4-<1- ir-S"- I/ 
t-4 

f't:f' 'f Ll 17-ft?- r'-"~ 
V\ 
1\ 

-,q' -A :u 7-g_. ~-f~-1 Is . ~ 
PI'' y lu 10-1'~ ~-12.·1 ~-17 

If\ 

1\J -z.P' A lilt Iff) -tc; 1-/Z-/ ~-.s 
fr-J 

t')" XI~ 13 ::1 ~- r~ ·'7 
If\ . 1\li 

zrl t\IK 112-tl- rz-tLf- ~;J 

H 
J"t! VilA. 115 _'"7,., -~-z. 1-3/ 

V'\ 
f\A 

.,~If I\'"<_ If~(~ ~ZI-t,. /7 . 
H 

tt''·V·/1... J'-1-l&f·:Z.t-ZI:t -z~ " 
L V\ . 

\/ 
~~~ }. k 2"6 -I(, ~{fi' -t'S -(f:l 
~ 

lc;' :x.: u fPf -('1 21-Zt .zq 

17','\ A J A t.A.:/1-12 !~·If./ /( 
H 

1r& "(,!ZJ -21~z'f -2.'-z'~_j. 

~ 
----· 

7"~p I 
.. -- I tt,~ }1 ~'/2:. 1. ~o - -5 J --· I : ' 

: I 
I ; 

. ! • 
GROUND WATER • SAMPLE TYPE • A - Aut .. cutti"l•• I - llock a.--1• ~ 

S - 2" O.D. 1.31" I.D. tua.. _,,.. -
~- ~:: ~-~· ~ •• 2" ':~· -t~~-~-,~·· ;;-~ " 

HOUR · DATE DEPTH 

• VISUAL C:LASSII1 1C:ATION 

.. ~.·lly ~~ 
N.J> 
trY 

.. 

.. 
. . .. ~· .. . . . ........ 

. 

. 

. 
. 

•· 

. . 

{r~uv/f/~'5) 
{.~~'11£) 

S--,(~ 

Av~ st!':;j_ e s-~ 
~~~~ ~.1~@ Uft:J'h 

SERGENT, HAUSKINS & BECKWITH 
COMSULTINO O&O"r"WCMNICAL IINOINIIII .. 
_.,....,,., • •• •uour•oull • aaNTA P& 



PROJECT ,'.J:'i' • . ~'"·:"'IJ LOG Of TIST IOIING NO£'> 
JOB ~0 EIJI-63k. .DATE. tlt;,i:lJl. 

&w!F- ~1:~3} . 
_i RIG TYPE 

ij i =. i ~ 
_j 

BORING TYPE ~ ',(,. lis /1. 
1 

! 
•a 

• • c. --= " ... . i-
l~ 

SURFACE EL.EV. .. i 0 u ii i.~! :; B u 0 
: c: ... DATUM .! 0 0 u 

1 1 
• 0 i ; I i -=~ c: .... ·:& • .a .. 

l :;.: 
__ .,. 

ca. 
-=~ .: . 

:II: t• oo- e-.: - 0 RI!MARKS VISUAL CLASSifiCATION .. 0 -·- 0 • c:-
0 UA.IK c.) ..I ca-~ Q..l 2A. :IU 

c) 
~ 

• I t"i 

1~. t11)t"S"! .: "'" 'v" $/t..l"Y s;q,.,IJ 
:;tJ /1 I~ 7.- ~ -G -(, . L( r""'''' u,~..,~ 'I ~ 

WfL7 ~*":lt!Q ;n v i"" ~-'j :..-~ i5 

s-
1\ 

T'Jtl;tl" 6-MY (/ 
?6 f I" 1:?- 3 ,. ,J-?-

r-; 
'VI \I I"- c:;'S ;, -'t -~ 

II\ . 
{,;) I\ ( .. 

?" 
f , 

II lk. 1..1-lf......- '-f· C...- If 
IT! . 

!1 v I I.e. v. , '"" l. ) - t- - . 
I~ 

I/·. 

"' / [t.c. ~--G.- .-S""fj 
~ 

~3 "I I~ 8 ~~ (.J --_::>t; 1- I'-{ 

2D 
'J-1 ~I 

X lk. 97-Jo- /0 - (/· It! 
\..+ 

")Z- v it.t '1- 7· .. ,_ B· I lo 

zs '\ 

(rEV~~ -\ 
~3 A 1'1 l8-··/c) - {1-/.J . !;)_ 

Wr~·,t {!'~an~~ 
~ 

...,_. . 

.J~ 'jj_ lA [38_) 1-1.../?-' -~, ~1 ~- if'~ e/ 
/'-.. I 

~c:l 

lft---y1 f 'e;;j:.. <P s; 0, " 
:'"'~~-"" vj,_) e ;Ft 'II 

.. 
I 

" 
.. 

• 

• 
GROUND WATER SAMPL.E TYPE ' OEPTM I SERGENT, HAUSKINS & BECKWITH A - Aut., c:uttint•• I - lloc:k •-plo tRt 

S - 2" O.D. 1.31" I.D. ,.,... _,1.. -
U - 3" O.D. 2.A2" I.D. tulte •-•'•· I 
T _ :1" O.D. ftoin.wollocl Sholl,,. tullo. -:J- ,3 t 

HOUR OAT£ 

-U~ Tl .. OaOftc:MIUCA~ &NO lift ... --· -0-._, .... •IMJ IJIQCIT\' 



PROJECT' y(~~.._ J.k+ ~,-{,Ad 
JOB NO. ~-6.1k... .OATE. I/ I'Z/7Z.. " 

• c. 

i 0 u 
: c 
G II 

c .. -

J
::.; 

• • ~Ill: 

/0 1-----1 

. 

8 
2 
&• ! 0 

c:t-' 

. .: .. . 
~= I .. at 
~.: 

Q-1 

1\/i 
.. All.{ 4-Z-:~-"1-f. 

If \J 
'' "u 1~-.t!ff-{f -ff-{g 

f-: 

.. i 
~~ 
~~ uo 
•• !j 
.! .. 
0. 

SG. 

/
At( VI~ 1'1-~-f'{;J-1/-/ t> . .-, v \ 

7P t-----i ~--r\~/~----+--+--+---1 

t-----1. '/Pi( A l&41"1-tc~l2.- f4 -I:.:, 
. 't-J 

t---1 -~~ )(:(A toJJt lto-tZ' :r<:: 
~< ~£~~~-------~--~-----+---~ 

'" t)(; !A llS _,_, _, 't.' 
H 

JPI'' Au.... w-w .,., .,.., ,.... 
1f":7_ 

If' Y'u ~~-'22.-l'l-'"'-IC. 
'/\;. 

M" A. c.c.: /~ tc; I~ t~tt -tl 
~ ,,, lX·"": 14-111·13-1'1'-(" 

/lf x-...._ [3 ·.tz.· IZ.-17-f.f;"Dl I 

LOG Of TIST lORING NO./)~G 

RIG TYPE CML,=~~) C( 
BORING TYPE ~?'!!.. ~,4 
SURFACE ELEV·-------------
DAT 

UMARKS VISUAL CLASSI"~TIOM 

..• 

{Jt..,J~AS~ 

~-tfl~ . .L 

t--i 'r--·~---....i-----·-~---1 L,.. lc.t rJv~~ ·-~ 
~ ~----------~--·------------~~----------~~--~~~~'-----------f--1~--~-GROUND WATER 

, ••••• , MOUR I· OATE I SAMPLE TYPE I 
A - Aut .. cuttint•• I - llock •-,1• ~ 
s - 2" o.o. 1.31" 1.0. , ...... ,... -
U - 3" D.O. 2 •• 2" I.D. tvllo ...,.,,.. 8 
T - , .. O.D. lttift•wellocl Sholbv tullo. '7-'f' •-

SERGENT, HAUSKINS & BECKWITH 
CONSUL TINe ORDT'I:CMNtCAL CNOINCt:H 
PMOINIX • AL8YOU~•OU~ • aANTA P& 
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. 

• 

PROJECT 
_,_ 

LOG OP TilT IOIING NO C' 7 ... • 
JOBNO~-~J~ DATE. f i I~ / .'f"i-

CA-t1 E - S'S" :-('z..o l) 

1 • a. 
.! 

t 
Q 

-0 

~ 

I~ 

(b 

Jv 

:; 

- RIG TYPE .i; -· ~ ~{. ... Hf~ 
.: I t' _,1 

BORING TYPE 

J 
~~ •a 

• c. -=.! ~ . I- l3 SURFACE EL.EV. i 0 ... 'i l~ A. • e u 0 
:c Ai .- ~-= DATUM 0 0 

1 1 
• 0 'i c ~. 2 . .. ~ .-=i:: .- .. ;u -. jj cS~ 

-. .!'= - ~ - 0 I!MARKS : VISUAL C:LASSI,.CATIOM J~c: •• :!u Ill-.! 2~ 

I' /". 
rr,.,..,,:;.r- .J:)-s: _s,· tij I J/1~ 

'2.-1 /. r..) IJ~ '3- 3 ·5-;~b ,....,, I o l-4~.-~. ~-:- . . 
I.'- Vol r ~ ~ ~ ,.,Jr;.J . ,, i 'J I? ''1 -31-- -~~,~~ . 
I 

' I ;21 
" ~ 1~-s 11-:l ........ 

1-. 
').6 IV -~ (#-&,- r.,- ~-{, 

- I 
I 

.. 
""Z-o ,,, !.of 12 ·/u r,<?. 7,. " 
/)/I 

~ 
\ i ~ l' 7..,. ~-~ -, 
l 

~ 
?1) 

I 1'...1 I~ 1-' r-- (/ f-1 
rr-

(m,iJf!!:..s J : 1'1 I I I R-.r 7-rl ~ 
.. ·,. 

-(SLI8Br:S'£) .. 
·I dr~ h /t-f?.r") WnJck 

)11 1/. ILA 11~-12 3C/-t/2 1- 51'/~ j-z, r~ 

ilo.A...U. '/.Y-v/r J@! -r.D' I~ 
'.:... 2 J?/;. ,.f ....... ~~2 

'I 

" 

. 

GROUND WATER SAMPLE TYPE • DEPTH I HOUA DATE 1·. A_ Aut., cu"inea. 1- Block •-,1• ~ 
1----+-----+-----1· S- 2" O.D. 1.31"1.0. ,.,.,_ _,,.. -

U - 3" O.D. 2.42" I.D. tube _,lo. I 
..._ __ .L.-. __ ...._ __ _,~ T _ •" n n t~.; ...... now~ Shalt. .. '""•· ~ 

-tl 

. . 

SERGENT, HAUSKINS & BECKWITH. 
C-U&.TIOIO o•O'ftCtootiCAI. •otOiot

-·---·-AI'I•IMlUOIIr:tf'f 

' 



0 

• I • . - ~ 
I i • c .... 

=·~ c c • 
0 0 0 
U~lll: 

. 

>, 

--
--
--
____j 

.. 

·-

.. 

' 

! 

. 
' 

! 
I 

.. i '• s~ -· . 
1~; . ..... .- .. 
.!~= 
CD-.! 

GROUND WATER 

I 

HOUR DATE 

= ... . 
~a 

- I; 
C& 
~.: 

0..1 

. 

--' ls .. = •• =· -. c-=u 

LOG Of TIST IOIING NO.iz~8 
RIG TYPE C.J11£ 7~(~)CC 
BORING TYPE (p 1fz." t.ISJI 
SURFACEE~EV. __ ..__..__..__..__..__..__..__..__..__..__..__..__..__ 
D IIU 

REMARKS VISUAL CLASSIFICATION 

-~,./J'( ~ 
NP 

. ~ f · -+-Gt I lu.r:<; 

SAMP~E TYPE 1 
A - Aue., cu"i"t•• I - Block •-,1• t2t 
S - 2" 0.0. I .31" 1.0. tuM _,,.. -
U - 3" 0.0. 2.42" 1.0. tuk .-,lo. II 
T - 3" 0.0. thin•wollotl Shelby tullo. -:}- ¢. 

SERGENT, HAUSKINS & BECKWITH . 
COWSULTI- O&OftCMNICAI. I:NOINCI .. 
"'OINI. • AL.UOUiaOUI • SANTA P'C 



. 1----l 

• 
GROUND WATER l Df: .. TH I HOUR 

• 

--' Js 
1~ .: . 
- 0 c-
~u 

·LOG OP TIST lORING No;C,q 
(]/J·~/1.:..:--- ~,s- (.,os' 

RIGTYPE ______ /~----~-~~~~~~~J'-------------
BORIHG TYP E _____ ....;I....;. ... ;;.."_...!.;..._""__.::;;J:._/..,~;4~-----------
SURFACE EL.EV. _________________ _ 

DATUM 

RI!MARKS VISUAL CLASSIIIriCATIOH 

• 

• 

• 

SAMPLE TYPE 
SERGENT, HAUSKINS & BECKWITH A - AUiet cuftiftt•• I - llock •-''• ~ 

S - 2" O.D. 1.31•• I.D. tullo -,lo. -
U - 3•• O.D. 2.42" I.D. tulle _,, •• T r I -"'~"'- ••oncMtotCA~ •-•,.••" 

--·~·-AI'I•IMJUIMCI" 



LOG Of TIST lORING NO. 070 

( 

JOB NO. 1-(, IL DATE I {.rZ/1'2.-
Ct1J'Z.. (t?'"{-zct, ~C( -· RIG TYPE 

ij i :. I~ 
_j 

BORING TYPE 14 ·I~ I ( l"hA> 
' ! 

-a 
• • c. -: 0 .. . j-; ls SURFACE ELEV. .. :a 0 u 8 -~~- .; e . DATUU .! go:c ;i D 0 

1 1 
... ... I ~ 1~ • D .. c ~- 2 • .A .. cl ;';.! .... .-, 

6~ 
._v 

~-t I c • ! D 
oo- - .. - 0 REMARKS VISUAL CLASSIFICATION • • -·- 0. c-

0 v~• 0...1 CD~.! :1~ :IV 

0 ,, _S__vrz_ ~,-llr._ ~e-t' -z£'' 
. 

A K r-r---z:: "r"'T 

H tJ~ ,,,, X t.J z-::z-:z;j ~-:'! fr¥. t;" ' Vi : . zP'' 1\ (.,( L.(-'(-. -~ """' 
H 
y 1-i .r:--t;"· ~-<"-<"' tC." 

(0 I' 
\) ( f~ t£/11./G S) lt:ti lA I Li 7-7--!:"-z.-•r 

(SWJIJifSE) 
M 

~0 X ItA. ?"lr-2 ~·1../f' .. rPL-z' .I ~~ 
I~ 

... ~~r4r' -
~pi~ re..fv~@ 

1'-1' Z!' 

.C ' 
. 

.. 

. 

i 

-- ; ' 
' I ---· ; T 

--· 
-----1 i ' ~ [ 

i T I 

CR~uwn WATER SAMPLE TYPE ' DEPTH HOUR DATE 
A - Autor cuttinl•• I - llocl& ·-~lo ~ SERGENT, HAUSKINS & BECKWITH 

.N~t- S - 2" O.D. 1.31" I.D. tulle -~~.. -
~ U - 3" O.D. 2.•2" I.D. tube .. ,.~lo. IS COMSULTINO OCOTaCMNICAL CNOINIII•S 

• •••-- ·• • II .I e'L.-IL. ..••• L- '"'1--9' .- ... ocNta • "'-•uouc•oull • SANTA P'& 



PROJECT (~"-; c ·l ,; ~~ LOG OP TIST IOIING No.C7/ 
JOB NO. f!Yfl~ 'J /(.._ .DATE. J lt'L/1-a--

C.m€,5) {_:to32 

·~ 
... i RIG TYPE 

-ii ~ 
I to BORING TYPE ' 1'/~ '/ 1-fJ ~ -

:! 
a-= '"'Q _,! 

~ . J· SURFACE ~L.EV. • g. -=.: • a l: I=¥ 1 ·~A. .... DATUM • • 1 1 
A. •• I .. ! I .. = .. II"'"' :i • .II .. at •• =f.; a.. 

__ .. 
e-.i 

.u .: . 
t ! • .!~= o; , -II 

RI!MARICS VISUAL C:LASSIPIC:ATIOM 
0 JA.: O.J ca-.! O.J .2A. ::!u 
0 i\_ J ,. .. • I <s, oCi IYh I 5-1" Si 2 s JtT-o 

(..) 'p.z... . - oJf. X 'A. )0-7- 1-B-:: :..~ J"''l"\ 

~ 
. 

wt:.':\~~~~~ 
...-.\ 

:-r 
I./_'! I\, .. ~ ·~-!:11 '"'~ r- . 

t; 
;, 

-

~~ 

. 

• 

. . 
1--

• 
GROUND WATER 

I """"I HOUR I ••j 

~ . 

' 

. .... 

SAMPLE TYPE • 
5 - 2" O.D. 1.31" I.D. tulle_,,.. -
U - 3'' O.D. 2.42" I.D. tube •-''•· 8 

~- Cjre-y' 
(TIJJUtyt;.S) --'"-

~n-J.( {Sl.ISIH.f'e). 
~ 

s~e-3'~~ 

... 
. .. 

• 
\ 

SERGENT, HAUSKINS & BECKWITH 
-U .. TI- oaOftCMIOICA\. &_l .... ft 

i'MOI.a. ---. -'•,. •IM1 Ullll'"'" 

A - Aut .. cuttint•• 8 - Block •-''• ~ 

• ..... ..., "" ...... :_ ···-••-~ ca...la.. ...... ~- 7- • 
-----------------------------------------
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• c: • 
::11 0 .. 
0 = c: 
::11 • • c: ~. 

j= i.; ... 
6-IX 

-·· 

1--

- i .... a-= :=.! 
,~ ... 

•• •A ~ .- .. 
.!~= 
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. --.. . 
- ::11 .. .. 
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c1 
t-.i 
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I 
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lS 
,.: •• -=· - . c-
~U 

LOG OP TIST lORING NO. 072.. 
RIG TYPE OM'i "7~\CC 
BORING TYPE 6z ~, H'5A . 
SURFACEELEV·--------------------~----------
DATUU 

IIMARKS VISUAL CLASSIFICATION 

~f/tA re/.Jte£ € 
I' 3~ 

• SAMPLE TYPE l 
A - • .,. .. cvttinga. I - lloc:k •-plo12t 
s • 2'. o.o. '.38" 1.0 ...... _,... -
u - 3" o.o. 2.•2" 1.0 ....... -,•·· e .. •••" ... •=-. ·-••-~ c-............. -. 

SERGENT, HAUSKINS & BECKWITH 

CONSUL"I'INO OIOTtCHNICA~ &NO I MEan 
Pf!IOI:MII e ALeUOUI.WOUE • SANTA P'E 

8o 



PROJECT rr' ./.: "t' • ~~ LOG OP TIST IOIING NO. C73 
JOB t.JQ JI!IZJ-631<. OATE /;!,_ I ,:, ~-

Ctnr-· sz; (2o3) 

··l -' RIG TYPE 

-ij 
. ' . I eo BORING TYPE t. "2 .. ~ 

-~ 
-~ ., 

t! ·-= 
.: •a 

:!3 - • 'D ~ . J-o ls SURFACE EL.EV. 

! 
,0~ :; a 

.! 
·- 1: 

.., ... 
I; ;'i ,: DATUM • • 

1 1 
• 0 

« 1: .. - ~ I 
..... QA. ;u . ·; 

:e.! ..... 
__ , 

t-.: .; . 
t II: Jj .!~= ~: 

- 0 REMARKS VISUAL C:LASSIIIIC:ATIOH c-
0 UG.II: fA-~ Q..l =u 
~ C"~ 

-~ 
s,Jfr; r.Sifo..J? 

:L 

.'-t 1'5· 5 D 15 ' low p7!:: . ~ 
- , U)~ ''J (~./m.o"' . 

. 

~~ ~ .(TA, . )_ 
~ 

• 11/hO~S 

~r.t2~ ~c.,{c_ (~t-b~ti/.SGJ 
( 
~ 

!dl~~e...jl' .. 

:.";· 
•. .. 

·, 

I' 

" 

• 
GROUND WATER SAMPLE TYPE I 

l ..... I HOUR 

I 
DATE 

I 
A - AutOt cutting•. I - llocl& •-plo @ SERGENT, HAUSKINS & BECKWITH 
5 - 2" O.D. 1.31" I.D. tuk -plo. -

~I.TI- O&OftCMMOCAI. &_1 ...... U - 3" O.D. 2.•2" I.D. tuk -plo. I 
.,. ... "" "' ··-·--··-~~~~ c............ ........ g I • 

...,._., N •o-Il •IMTA Ill • aoo&JLIOIII Cl" 



tlffey,~ . Hfiii'V.L ~,-/,· ... c::.s LOG or TIST aORING No.D77' PROJECT 
JOB NO. ~q'(-(;?1(.. .DATE. //12/V'Z-

RIG TYPE C,.mf.. t r(?:jf}C.C -' . alI = ~~ _J BORING TYPE &'Ia:" 
'I 

! .. . ae SURFACE EL.EV. • • i. -=.! l! ~ - :t uo 
:t- ¥ 1 l~ .. Oill .- DATIIU .. .! I i o I .. 1~ •. 

1 J 
•. o ! I .. c .. - :i ;~; al 

=·~ .u ;. 
t I c • t• oo- . ~.: - .. - 0 REMARKS VISUAL CLASSIFICATION •• .. 0 -·- •• :!u ' a UA.III: 0-' ID -.! C-' ~A. 

( 

'V 
t'ln :v I - ~,·1~ s~,; 
~ _V\. ~--"3- 2:.~ ··l._ '5 'C'( .l;.t_ ~p 

. ~y 
~ tilfiLi~~r) 

{~/LtlffGJ ~ J~ 
.. 

~~pi~ r~~@ 
I'~" 

-

.. ( - ~- . . ... 

! 

' i 

! . 
--·- -

--
·--

: : . . . 

GROUND WATER 
HOUR 

" 

. 

i ! 

i I 
I 

I 

SAMPLE TYPE 

om I I 
A - Alii•' cyftint•• I - llocl& a.-plo t2t 
S - 2" O.D. 1.31" I.D. tulle -plo. -
U - 3" O.D. 2.•2" I.D. t11lle ao111plo. 8 
T - 3" O.D. thin·wollocl Sholllv tulle. •-

<g-.:l--

. -·- - -

SERGENT, HAUSKINS & BECKWITH 

CONSU\.TINO OI:OTCI:MNICA'- CNOINII"S 
... OINIK e AL.8UOU&ItOUI. • SANTA ,.I 

• 



· PROJECT /Yie'llc tt h ~-;- LOG OP TIST IOIING NO C 7~ • 
JOB NO. EB /:Iilli: OAT I= Jl.'-, ;~ ... _ 

~ a::-~-c- ~03} -' RIG TYPE 

.i• .::. ·~ 
BORING TYPE ...; ~:~~ .. ,,-,:-r-· 

1 
I} a-= J ·o _,! 

• . • I • i2, ~· ~- ls SURFACE EL.EV. 
&. 

1 ·= lt- ¥ .., .. .- DATUM .! lia 

1 ij 
• D I ; I i 1~ II: .. - .:i ..... .. :';.! t• .- ... QA. -.u .;:. 

l· ae • ao- t-.i Ol - D IIMARKS VISUAL C:LASSI"C:ATION • e ., D -... - 11:-
UII.CC 0.1 CD-.! 0.1 .a~~o. ~u 

0 ~;~1. !Dri- SliJY_$":if:i~l:!· 
1\ (ft."~ 

'l~ y lv 3 U- It; ·3 ~ ta~ p::L!. ~ . 
~ ~~ ~~"""""-- cl 

.. v u ., - '-1· '"- s--~ .-#tfv ~ 7'r-- {j . r) 
- ~T~ILIN~S~ -, 

1\; LA fU-~ 111. 5o!/ li':. ") ~~0) h1h?JJ I;) ;t:;J c f( (SfA~hi'I1E). 

St' I .... ·r ~~ ,, l?z:~ 
.. .,.. //) 

-
. 

.. 

·• 

.. 
-

- . -
-

! 

~ 

. 
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S - 2" O.D. 1.31" I.D. tuloo -ttlo. -
U - 3•• O.D. 2.42•• I.D. tuM •-plo. I 
T - 3•• O.D. thil'l•wollocl ShelbY tube. a 
- . 1!3 

SERGENT, HAUSKINS & BECKWITH 

C-·UI.TI- OKOTWCMIUCAI.IMOINUU 
... OKNII • AL.aUOUC. .. U& • aANTA ~· 



PROJECT ; · ~· ~/ •. _,._-
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GROUND WATER 

DEPTH I HOUR DATE 

LOG Of TIST IOIING NoJ2/{}t/ 

_i RIG TYPE 0-:/· . .,r--sr ( 203) 
I~ BORING TYPE . 'i-~; hf~ 
•c _,! 1- .13 

SURFACE EL.EV. u 0 
DATIIU .-! I l~ .u .:. - .. - 0 . II!:MARKS VISUAL CLASSIFICATION 0 • :!u 2A. 

~._, 
moi;, -f ~o-f- ~;.-,, t~r; - ..:.,;,~c.::;: 

-:# t/~ :U/)7otl~V f-o/ 
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~~-~ ";'i";( . 
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I'/ (_m,yA16-$) .. 
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... ·. 
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.. ··- -- . ---
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SAMPL.E TYPE I 
.. 

A - Autot cuttiotl•• I - lloclt •-,1• t2t 
5 - 2" O.D. 1.31" I.D. tuk ..... ,1.. -
U - 3" O.D. 2.42" I.D. tu ... ._,1.. B 
T- 3'" O.D. tt.i-oiiH Shollty tube. t 

SERGENT, HAUSKINS & BECKWITH 
C-UioTOMO OIIOT&CMMOCAio POOMIIIIH 
.... CKNIK • A'-eYOU&IIOUI • a,ANTA P'a 

l/'f 

.. 



PROJECT f/!...U: /:: .li'}"~ , .... -I ·LOG OP TIST IOIING NO 
JOB Nt"l. ~~ .•• ; -; ~, 1'::14 TE. ,,~-z ::3.:.-
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H 
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" [', I C--6 ;, ilA If)-~~- 1/.,-li.l- 1:: () 

h 
?I ·,j '1. .•.. '~ ... ·E-~~ 

i• 

I\ ! 
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GROUND WATER SAMPLE TYPE I 

j"'"T"j MOUR DATE A - Aut .. cuttint•• I - Block •-ttlo ~ 
5 - 2'" O.D. 1.31"' I.D. ,.._ -plo. -
U - 3" O.D. 2.42" I.D. tu ... -plo. 8 
T- 3"' O.D. ft.in•wolle.t Shelby tubo. • 

SERGENT, HAUSKINS & BECKWITH 

CONSUL.TINO OCOftCMNICAI. awOINCI .. 
... OINt I e AL.UOUC-UII. e ~N'TA I'll 

1/c;'" 



PROJECT jli,..-y . ,. /. ·,.1 .. •,... . 

LOG OP TIST IOIING NO loS ,· ; .. 
JOB NO. .: .. . -.. _-=-~ .DATE . I : . ~? ; ..;-~ 

011·7 t::.- s-:; {_zo3~ -' RIG TYPE 

- t I . It- _J BORING TYPE ~//.;- J 1.::-e. 
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: 
GROUND WATER SAMPLE TYPE 

DEPTH DATE ' A - ........ cuttint•• I - llocl& •-,1• ~ HOUR SERGENT, HAUSKINS & BECKWITH 
S - 2" O.D. 1.31" I.D. tv61o _,,.. -
U - T' O.D. 2 •• 2" I.D. tv ... aolll,lo. 8 
T.- 3'' O.D. thin•woiiH Shelby tube. t 

/I~ 

C-ULTINO OIIDnCMNICAL IINOINIIII .. 
IIIMOC.NIX • A'-aUOUI.ROUI. • a&NTA PC 



PROJECT l/i:-·./r .c ,,, ,-~·:·· 

JOB NO ER/-/,3/( DATE 
~- .... 
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GROUND WATER ••... I HOUR DATE 

LOG OP TilT IOIING No.fC~ 
( ) _i RIG TYPE 07?'?~- s:..- 203 

/.~ 
.. 

rr-~P Jt-
--' 

BORING TYPE .':> -

~~ SURFACE ELEV. l3 u. 
DATUM .-s i' 1~ ;u ;::. . - .. - 0 R!MARKS VISUAL CLASSIFICATION 0. c-a a. :;)U . 
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SAMPLE TYPE • 
S - 2" O.D. 1.38" I.D. tuk ..... ,... -
A - Autot cu"inga. 8 - Block •-,1• ~ SERGENT, HAUSKINS & BECKWITH 

U - 3" O.D. 2.42" I.D. tulle •-,lo. IS 
T- 3" O.D. thin•wallocl Shelby tulle. t 

/11 

COfteULTI .. OIIO'n:CMMICAL. &MeiMIIII .. 
..... OIINIX • &L.aUOUIIHUII • &ANTA P'll 



PROJECT . : ~· .. - ·-. _,._ 
JOB NO E 'il-l:Jl. OA TE • -~-... .. - -

ij i 1 li = • • c. -· . !' • 
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GROUND WATER 
DEPTH HOUR 

om I 

LOG Of TIST IOIING NO. (c7 

RIG TYPE (_--;';-;--·.~' - .r:::-.~. _.,_. 6 ) 7_oJ _i 
1' ... .,.. .... ~ 

Ito BORING TYPE - · .... -,.,_ 
•a _ _! 
J•. .is SURFACE ELEV .- 0 IJU 
! i 1~ .u ;. - .. -. REMARKS 0. c-
2Q. ;:)U 
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~ I 
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SAMPLE TYPE 
• A - Aut•• cutting•• I - Blod& •-,1• t2t 

S - 2" O.D. 1.31" J.D. tulle _,,.. -
U - 3" O.D. ·2.•2" I,D. tulle ..... ,,.. I 
T - 3" O.D. rhin•wollocl Shelby tulle. • 
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VISUAL CLASSIP1CATIOM 

'\ I;Lel nr c.!C <~ - ·--, 
re-( 

~c;n,.ri.vi..JJr.j~@ l '10'' 

. .. 
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'\ 

... -

SERGENT, HAUSKINS & BECKWITH 
CON8ULTINO a•O'n:CMNICAL ENOIM•a .. 
PMOCNI• • AL•uouawou• • ... NTA ,.. 

. 

• 



PROJ /)Jpy/('~ k~, LOG OP TIST IOIING No. lOB 
JOB Nn 5T-6 31: DATE /0..3/~ 

~E-2.£ (203') 
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GROUND WATER , ••• T.I HOUR DATE 

= .. . 
~e 
i .. 
o1 
cS~ 

... , . 
f 

-' RIG TYPE 

~~ _l BORING TYPE ~~ ... #J"",O 

~~ Js SURFACE E~EV. .- "DATUM · ! i 1~ .u .;. 
"'I; -II I!MARKS VISUAL CLASSifiCATION c-a A. ::IU 

c~•-a·' he (t me l.C 
htlit> ~ =., 

-- . ··7-"'!' i=.: ... 
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I 

' 

SAMPLE TYPE I 
• A - ,..,.., cu"i"t•• I - Block •-111• t2t 

S - 2" O.D. 1.31" I.D. tuk -pie. -
U - 3" O.D. 2.42" I.D. tuk ao•plo. IS 
T - 3" 0.0. thift•wollod Sholb., tube. • 

~~ 

S~--f-<-d@ J'r-· 

SERGENT, HAUSKINS & BECKWITH 
CON.UL'riNO O&O"f&CMNICAL aNGtN&RH 
PMO&NIK e AI...UOUCJIOUII • ~NTA F& 

.. 



PROJECT /.'. ·.: ·<.r7 . • LOG OP TIST IOIING NO /O'f 
JOB NO. ~'!'"~ :-__,:;'/(. .O~TE / /';~ /::?7.. 0!1t-~ (203} 
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GROUND WATER 

I DEPTH HOUR 
DATE I 

.. i RIG TYPE 

'""' _j 
lORING TYPE ~~ .. #S/t 

i~ SURFACE ELEV • ls uo 
•TLIU .~ 

1~ s I -.u -=· 0 - .. -a II!MARICS VISUAL CLASSIFICATION 0 • c-
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SAMPLE TYPE ' A - AvtOf cvttinl•• I ~ Bloc!& •-plo ~ 
5 - 2" O.D. 1.31" I.D. tuM ..... ,1.. -
U - 3" O.D. 2.42" I.D. tv ... Hlllplo. 1!1 
T - 3" O.D. thin•walloll Shollt¥ tv.... • 

SERGENT, HAUSKINS & BECKWITH 
COW8UL TINO O&OTtCM .. ICA~ KNOINCa•• 
PMOCNIX • A1.8UOUIIIItOU& • .-NTA P'l: 

f'-0 
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PROJECT ;?'" . ·-:-· y ,. ,., • ,. ... ,_-· 
LOG OP TIST lORING NO. I 

JOB Nt:"J.~111-6~~ .OATF / -:· ~ /.~ . , 6- {:2052 
.. i I = ' I! 
a-= • ;j3 -=J. ~ . 
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GROUND WATER 
DEPTH HOUR DATE 

.. i RIG TYPE 07-l'l·"l: . s 
I ,• "· - .. ~/,;)~ Ito _,! 

BORING TYPE 4 -•c ,_ 
l! 

SURFACE ELEV. uo ... DATUM ! i 1~ .u .::: . •• -· REMARKS VISUAL CLASS"ICATION c-
a~ :IU 
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i 

SAMPLE TYPE • A - Autor cuttiltt•• I - lloc" ·~. ® 
5 - 2" O.D. 1.31" I.D. tulle -pie. -
U - 3" O.D. 2 ... 2" I.D. tuk oo111plo. 8 
T - 3" O.D. thift•wollod Shelll,. tulle. • 

SERGENT, HAUSKJNS & BECKWITH 
CONOUL.TONO OlcrftCMOUCAL. INOINII ... 
.... O&NII e AL.UOU&.aU& • .. NTA ,.. 

JZ..f 



PROJECT , --
JOB Nt'1. ERI~K._ .DATE. -· . -;; 
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GROUND WATER 
DEPTH HOUR DATE 

- -

{T...rt-"""' 

LOG OP TIST IOIING NO · 4 • 

_i RIG TYPE Q:r/i:- 55 {_-z.o1) 
Jt- BORING TYPE ~lh ~r: 
~~ _,I SURFACE EL.EV. ls uo .- DATIIU ._.;: ! I .-.u ·-· -· - .. -. II!MUKS VISUAL CLASSI,.CATION 0. ::!v a A. 
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I 

SAMPLE TYPE • A - Aueor cu"i"l•• I - Block •-111• ~ 
5 - 2" 0.0. 1.31" 1.0. tuk -plo. -
U - 3" O.D. 2.42" I.D. tullo ••"'pie. 8 
T - 3"" O.D. thift•wellecl Shelbv tube. •-

SERGENT, HAUSKINS & BECKWITH 
CONSU&.'riMO OROTI:CMNICAL I"'OINIIIItS 
.... OINI. • &I..YOUiaOU& • aANTA P'l 

f~)t 



.PROJECT ,•' I .,;7' ,_ r . ..J _,·- LOG OP liST IOIING NO. . --
/ JOB NO. ·'"' :/<.._ .DATE - !_.r,:._ 

IJ~· ~ ' ._~~ ( Z,03} 

·~ -' RIG TYPE 

- i j . .... 
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6 ~-.: .. . r-s,..-

! J:= .: j~ .. . SURFACE EL.EV. • I • ~~ .. ~e ls ~- .. 1 .- DATUM 
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GROUND WATER SAMPLE TYPE 

' A - ,...,., Cuftint•• I - llock •-plo @ SERGENT, HAUSKINS & BECKWITH 
S - 2" O.D. 1.31" I.D. tuN _,,.. -
U - 3" 0.0. 2 •• 2" 1.0. tUN ·-plo. 8 CONOUL.TINO OKOftCMNICAL. KNOINU .. 
T - 3" O.D. thin•wollod Shelbv tube. •- "'OKNIII • AL.ououa•oua • OAIITA P'K · rz. 

------------------------------------------------------------~ 

DEPTH HOUR DATE 



PROJECT ~~~ /-k....f (;.;/,·,.~ 
JOB NO evt=&3 iOAre llz4/~2) . 
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GROUND WATER 

DEPTMI MOUR DATE 

-' RIG TYPE 

= ~~ _j 
BORING TYPE 

J~ SURFACE ELEV. .. . ls ~ e DATIIU c • .- ~;: • • !I i •• QD. ;u ;: . 
ct5 - .. -· I!MARICS 0 • c-

:II A. :IU 

' 

i 
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SAMPLE TYPE I 
A - AUI•• cu"ittga. I - Block •-plo ~ 
S - 2" O.D. 1,31" I.D. tuk -pie. -
U - 3" O.D. 2.42" I.D. tuk ••"'pie. 8 
T - 3" O.D. thitt•welled Shelbv tube. t 

. . fZf 
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- -- - --

SERGENT, HAUSKINS & BECKWITH 

CONai.ILTI ... Ot:OTKCMNICAL. CNOINCt:R• 
,..OINI& • aL.•uoua•oua • eANTA P'll 
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GROUND WATER 
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U - 3" O.D. 2 ... 2"" 1.0. '"be •-plo. IS 
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SERGENT, HAUSKINS & BECKWITH 

CO ... ULTINe OI:OTaCMMtCAI.•NeiNCI:H 
PMOI:NIX e AI..UOUI:aOUI. • SANTA PC 
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GROUND WATER SAMPLE TYPE 
HOU,_ DATE ' A - • .,.., cuttint•· I - Block ·-''" ~ SERGENT, HAUSKINS & BECKWITH 

5 - 2" O.D. 1.38" J.D. tuk ..... ,... -
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T - 3" O.D. thift•wol 1M She lily tulle. t 
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SERGENT, HAUSKINS & BECKWITH 
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SAMPLE TYPE • A - Aut., cuttin1•• I - lloclo •-,1• ~ 
5 - 2" o.o. 1.31" 1.0. twllo ..... ,1.. -
U - 3" 0.0. 2.•2" 1.0. tuM ""''lo. I 
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I• 



PROJECT ·' . 1·;1 .. . ·-. 
'~ ,.,. , ... \ 

JOB NO.ISS't-,,~ - DATE 

~ 
... ·-·· 1- . ..... -.:. .. ··: 

j • I • 
. . . 

1- u 1 .. c 

J 
II II c .... 2 

=·~ t J I: .... 
! II 

0 ~~~~ 0..1 

() 
! . 

:li-z.. L -;-,, f.:..-;. 

7'Z/ .-; I 

l'· 
-s-

Jl:t . 

·- .. 

; 

i 

·--
I --

I : ; 

: 
I 

l-f:..-
1--22'~-

ij i ~ 
-· II 

.. . 
,c.~ -iB .., ... 

I ; • 0 • .a .. .- .. Q& 

~~= g~ CD~~ 

I 
; 

i 

-;-

; 

GROUND WATER 
DEPTH HOUR DATE 

. LOG OP TIST IOIING NO ZOS" • 

r/mc~~ :!~) -' RIG TYPE 
b~.- ~.~ Jt- BORING TYPE 

_,I ~~ SURFACE ELEV. ls Ull ... DATUM 
!5 I 11 
:=~ ; . 

-II VISUAL CLASSIFICATION II o c- II!MARKS 
a~ =u 

<_jy> rn>?sf- -sbt·;.; !::; 11] I S /rr.JD 
J..o~.A.a pL 
wk/ ..... , c~WtfJIJ.f.t/ 

or~ hr;lt) 

~) .::t. cr l~ 
~ro -. lmiLLAA::-.JL 

( .r~-!t•-'tJ=£} . 
r-). 

~ Cu.,..rff~- ..._u ~ 
ll~ 4§.€;1 

_,_ 
u 

" 

i 

i I 
: 

SAMPLE TYPE I 
A - Aut., cuftiftl•• 8 .. Block a.-plo ~ 
S - 2" O.D. 1.31" 1.0. tulle -•lo. -
U - 3" O.D. 2.42" I.D. tube _,,.. IS 
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SERGENT, HAUSKJNS & BECKWITH 

COtllaU&.TIN. OaOftCMNICAL CNOINCIIH 
._,.O.NIX e AL.8UOUIIJIOUI: • SANTA ,.. 
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SAMPLE TYPE 

' A - Auger cuttinga. 8 - Blacl& •-plo ~ 
S - 2" 0.0. 1.38'' 1.0. tuM ..,.plo. -
U - 3" 0.0. 2.42" I.D. tuM ...,.,e.. 8 
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GROUHD WATER SAMPLE TYPE • 1····· I MOUR DATI!. SERGENT, HAUSKINS & BECKWrTH A .. Aut~• cuttirtt•• I - Bloc!& •-plo t2J 
S - 2" O.D. 1.31" I.D. tuk oo111plo. - ------------
U - 3" O.D. 2 •• 2" I.D. tu ... -plo. 8 
T- 3" O.D. thirt•wollod 51-elllv tulle. t 

----------------------------~0~ 

-UI.TIIOO OKOTSCMIOICAI. 1-IIC&IIO -----·-&--·IM1 ...... t:S" 
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SAMPLE TYPE • A - ...... 1:41"i"t•• I - llock ._,lo ~ 
s - 2" o.o. 1.31" 1.0. ,.,... _,... -
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: ; I GROUND WATER SAMPLE TYPE • DI!"'TH 
HOUR I DATE A - A.,. .. cuftinga. I .. lloclr. •-plo ~ 

S - 2" O.D. 1.31" I.D. tuM -plo. -
U - 3" O.D. 2.42" I.D. tuM •-plo. 8 
T - 3" O.D. thift•wollod Shelby tube.,~ • 

SERGENT, HAUSKINS & BECKWITH 
CONSUl. TINe ORO'I'WCMNICAI. CNOIMIII .. 
... OCNII e AL.aUOU&IItOUII • .-,NTA t'll 
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SAMPLE TYPE ' · A - Aut., cuttint•• I - llock •-111•, 
S - 2" O.D. 1.31" I.D. tu ... _,lo. -
U - 3" O.D. 2.42" I.D. tu ... M•lllo. B 
T - 3" O.D. thift•wollocl Shelby tu.... { t 
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GROUND WATER 
DEPTH HOUR DATE 
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A - A.,. .. cu"i"l•• B - Bloc!& •-'lo ~ 
5 - 2" O.D. 1.38" I.D. tut.o _,,., -
U - 3" O.D. 2 •• 2" I.D. tube _,lo, B 
T - 3" O.D. thin-ollo4 Shelby tubo. •-
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SERGENT, HAUSKINS & BECKWITH 
CONSUL TINe OaO"tWCMNICAL CNOINII .. 
PMOCNIX e AL.8UOUIIItOUI • aANTA f'C 
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SAMPLE TYPE I 
A - AUI .. cvttinga. I - llocl& •-plo t2t 
5 - 2" O.D. 1.31" I.D. tulle ...,,,., -
U - 3" O.D. 2.•2'' I.D. tulle ...,,1.. I 
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1 APPROX. SIT£ COORDINATES UU 
I N . E 
\ GROUND ELEV. (FT. MILt"')------
\ DATE EXCAVATED: B>"Jf/11( 
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LOCATION MAP: A 81TE ID: 1/.f&t. -" L LOCATION ID: S:,o !1. 

~ APPROX. liTE COORDINATES UU • . N E 
GROUND ELEV. (FT. MSL) • 
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CONTRACTOR: ij;.,Z s;;;;:co 
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I , 

JROUNOWATER LEVELS , 
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~------------------------~ LOCATION MAP: liTE ID: f.IG1·¢ I LOCATION ID: S'C) 

APPAOX. liTE COORDINATES CfU 
N E 
GROUND ELEV. (FT. MSLr-)------
DATE EXCAVATED: IS' Js;,h r 
IACKHOLE TYPE: ~-~v ' 
CONTRACTOR: B!~ ~,.,0., 
FIELD REP: 2J'1c2:_·_, 
REHAB. DATE:--------------

·•-1---------------
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SITE' CONDITION s, -·J.. .. .. J..-, ., 
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Th1s addendum conta1ns p1ezocone sound1ng logs. When referr1ng to the 
DOE bor1ng and test p1t ID numbers, please note that the numbers used 1n the 
text refer to the number1ng system as used 1n the DOE computer1zed Database 
Management System (DBMS). The number1ng system used on the p1ezocone logs 
does not match that used 1n the text. Therefore, when referr1ng to the 
follow1ng p1ezocone logs 1n conjunct1on w1th the text of th1s document 1t may 
be necessary to convert the f1eld and laboratory numbers v1a Table D4 .1 1n 
Addendum 04. 

Results of p1ezocone test1ng 

The follow1ng pages conta1n the results obta1ned by process1ng the raw 
f1eld data from the p1ezoco.ne sound1ngs w1th a p1ezocone data analys1s and 
plott1ng computer program developed by the TAC. 

The program allows the eng1neer to p1ck the var1ous so11 layer boundar1es 
on a h1gh resolut1on graph1cs screen plot of the data. The eng1neer 1s a1ded 
by a bar-coded, computer-calculated son class1f1cat1on plotted alongs1de the 
data plots. The ta111ngs class1f1cat1on scheme, as developed through lab test 
correlat1ons 1s presented as F1gure D6.1. 

The result1ng graph1cs conta1n1ng the data plots, bar-code class1f1ca
t1on, and des1gnated layer boundar1es are presented on the follow1ng pages. 
Follow1ng the graph1c output are pr1ntouts conta1n1ng var1ous averaged 
p1ezocone read1ngs and emp1r1cally correlated so11 parameters for each layer 
and for the ent1re prof1le. 

Bar code 

Wh1te = sand 
Gray = sand-sl1me 
Charcoal gray = sl1mes 

Layer numbers 1n graph1cs output correspond to those 11sted 1n pr1nted output 
that follow graph1cs . 

06-1 , 
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• • • 
SITE ID: HAT01 LOCATION ID: 006 

GROUND WATER DEPTH: 50.0 <FT.) AVERAGE SOIL WEIGHT: 100.0 <PSF) 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 e .1 3.0 2.9 16.8 0. 1 -e.e 0.5 S-SL* 5 40 30 59 2014 

2 3.0 5. 1 2.1 6.5 0.2 -0. 1 3.0 SLIM 4 23 778 6.5 

3 5. 1 9.1 4.0 21.0 0.2 -0.0 1. 2 S-SL* 1 45 31 74 2520 

4 9.2 11 . 8 2.6 12.6 0. 1 -0.0 1 . 1 S-SL* 4 27 29 44 1518 

5 11 . 8 19.2 7.3 ?. 1 0.2 0.5 3. 1 SLIM 4 ~ 
25 857 1. 8 

% THK: 50 9.5 17.4 0.1 0.0 1. 0 S-SL 5 38 30 61 2091 

% THK: 49 9.4 7.0 0.2 0.4 3.1 SLIM 4 24 839 2.8 



SITE ID: HAT01 
LOCATION ID: 007 

GROUND WATER DEPTH; 50.0 (FT.) AVERAGE SOIL WEIGHT: 100.0 <PSF> 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 a. 1 1. 0 1. 0 9.9 0.2 a.a 2.0 SLIM 6 34 1182 39.5 

2 1 . 0 3.9 2.8 15.5 0.2 0.0 1. 2 S-SL* 5 38 30 54 1864 

3 3.9 13.0 9. 1 7.4 0.3 -0.0 4.2 SLIM 4 26 887 3.8 

~ THK: 21 2.8 1S.5 0.2 a.a 1. 2 S-SL 5 38 30 54 1863 

~ THK: 78 10. 1 7.6 0.3 0.0 4.0 SLIM 4 26 916 7.3 

• • • 



• • • 
SITE ID: HAT01 LOCATION ID: 008 

GROUND WATER DEPTH: 50.0 (FT.) AVERAGE SOIL WEIGHT: 100.0 (PSF) 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.1 1. 3 1. 2 9.5 0. 1 -0.0 1 • 4 SLIM 6 33 1144 32.2 

2 1 . 3 3.9 2.6 22.4 0.2 -0.0 1. 0 S-SL* 7 48 31 78 2690 

3 3.9 7.2 3.3 11 . 6 0.3 -0.0 2.8 SLIM 7 41 1393 7.8 

4 7.3 16.3 9. 1 5. 1 0.2 -0.1 3.3 SLIM 3 18 608 2.0 
, 

" THK: 16 2.6 22.4 0.2 0.0 1. 0 5-SL 7 48 31 78 2690 

" THK: 83 13.6 7. 1 0.2 -0.1 3.0 SLIM 4 24 845 6.1 



SITE ID: HAT01 LOCATION ID: 009 

GROUND WATER DEPTH: s0.a <FT.) AVERAGE: SOIL WEIGHT: 100.0 <PSF) 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.1 3.4 3.3 18.2 0. 1 -0.0 0.7 S-SL* 6 42 30 64 2183 

2 3.4 4.8 1 . 4 9.9 0.3 0.0 2.8 SLIM 6 35 1194 8.8 

3 4.9 6.0 1.2 33.2 0.2 0. 1 0.7 S-SL* 1 1 60 33 116 3980 

4 6. 1 6.5 0.4 12.9 0.3 0. 1 2.1 SLIM 8 45 1553 7.8 
, 

~ THK: 71 4.5 22.2 0. 1 0.0 0.7 S-SL 7 46 31 77 2662 

~ THK: 28 1. 8 10.6 0.3 0.0 2.6 SLIM 6 37 1273 8.6 

• • • 



• • • 
SITE ID: HAT01 

LOCATION ID: 010 

GROUND WATER DEPTH: se.e <FT.) AVERAGE SOIL WEIGHT: 100.0 <PSF) 

AUG. AUG. UNO. 

- DEPTH - AUG. AUG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 e .1 2.0 1. 9 14.2 0.1 -e .1 0.5 S-SL* 4 35 29 50 1701 

2 2.0 3.6 1. 6 7.0 0. 1 -e.e 1 .6 SLIM 4 25 842 9.0 

% THK: 54 1.9 14.2 e. 1 -e. 1 0.s s-sL 4 35 29 s0 1701 

% THK: 45 1.6 7.0 e. 1 e.e 1.6 SLIM 4 , 25 842 9.0 



SITE ID: HATB1 LOCATION ID: 011 
GROUND WATER DEPTH: se.0 CFT.) AVERAGE SOIL WEIGHT: 100.0 CPSF) 

AVG. AVG. UNO. 
- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.1 0.8 0.7 36.1 0.6 e.e 1. 7 S-SL* 12 63 33 126 4326 
2 0.8 2.5 1 . 6 56.8 0.s e.0 0.8 SAND* 1 1 78 36 199 
3 2.5 9.8 7.3 26.2 0.2 0.2 0.7 S-SL* 8 52 32 92 3147 
4 9.9 10.8 0.9 15.8 0.2 3.0 1.5 S-SL s 32 29 ss 1891 
s 10.8 12.2 1 . 4 21.5 0.3 1. s 1. S S-SL* 7 3,9 30 75 2583 
6 12.3 16.3 4.0 7.0 0.0 1. 4 8.7 SLIM* 4 24 839 1. 9 

% THK: 18 1.6 56.8 0.s 0.0 8.8 SAND 1 1 78 36 199 
% THK: 64 10.3 25.3 0.2 e.G 8.9 S-SL 7 49 32 88 3040 
% THK: 25 4.0 7.0 0.e 1. 4 8.7 SLIM 4 24 839 1. 9 

~ 

• • • 



• • • 
SITE ID: HAT01 

LOCATION ID: 012 

GROUND WATER DEPTH: se.e <FT.) AVERAGE SOIL WEIGHT: 100.0 <PSF) 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 e .1 0.8 e.? 17.4 0.2 -e.e 1. 4 S-SL* 5 41 30 61 2086 

2 0.8 1. 5 0.7 53.2 0.5 0. 1 0.9 SAND* 10 76 35 186 

3 1 . 5 2.7 1. 2 28.7 0.3 e.0 1.1 S-SL* 9 56 32 101 3448 

4 2.7 3.6 0.9 37.3 0.3 0. 1 0.7 SAND* 7 64 34 131 

5 3.7 6.8 3. 1 21.9 0.2 e. 1 1. 0 S-SL* 7 47 31 77 2631 

6 6.8 7.4 0.7 9.5 0.2 0.2 1.9 SLIM 6 33 1138 5.6 

7 7.5 8.2 0.7 18.4 0.2 0.2 0.9 S-SL* 6 42 30 64 2207 

8 8.2 8.9 0.7 32.1 0.3 0.2 0.8 S-SL* 10 57 33 112 3852 

9 8.9 1 1 • 1 2. 1 19.7 0.2 0.3 1. 2 S-SL* 6 39 30 69 2360 

...... 10 1 1 • 1 12.0 0.9 7.1 e. 1 0.6 1.9 SLIM 4 25 855 2.6 
....... 

% THK: 13 1. 6 44.3 0.4 e. 1 0.8 SAND 8 69 34 155 

% THK: 72 8.5 22.5 0.2 0. 1 1 • 1 S-SL 7 46 31 78 2700 

% THK: 13 1.6 8.2 e. 1 0.4 1 • 9 SLIM 4 28 978 3.9 



SITE ID: HAT01 LOCATION ID: 013 
GROUND WATER DEPTH: 5a.a (FT.) AVERAGE SOIL WEIGHT: 100.0 (PSF) 

AVG. AVG. UNO. 
- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.1 1. 0 1 . 0 13.2 0. 1 -a. 1 0.9 S-SL* 4 33 29 46 1579 
2 1 . 0 1. 7 0.7 9.7 0.2 -a. 1 1.8 SLIM 6 34 1167 19.3 

3 1 . 8 5.5 3.8 16.6 0.2 -a.0 1. 3 S-SL* 5 39 30 58 1989 

4 5.6 10. 1 4.5 31.2 0.2 -a. 1 0.8 S-SL* 10 56 32 109 3740 
~ 

" THK: 93 9.3 23.3 0.2 -a. 1 1 . 0 S-SL 7 46 31 81 2792 

" THK: 6 0.7 9.7 0.2 -a. 1 1 . 8 SLIM 6 34 1167 19.3 

• • • 



• • • 
SITE ID: HAT01 LOCATION ID: 014 

GROUND WATER DEPTH: 50.0 (FT.) AVERAGE SOIL WEIGHT: 100.0 (PSF) 

AVG. AUG. UNO. 

- DEPTH - AUG. AUG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.2 1 . 1 0.9 17.6 0.3 -0.2 1. 7 S-SL 5 41 30 61 2107 

2 1 • 1 2.0 0.9 7.1 0.2 -0.2 2'.4 SLIM 4 25 858 14.0 

3 2. 1 5. 1 3.1 14.0 0.3 -0.2 1. 9 SLIM 9 49 1682 12.5 

4 5. 1 8.0 2.9 17.3 0.3 -0.2 1. 6 S-SL 5 40 30 61 2078 

5 8.0 9.7 1. 6 45.5 0.3 -0.2 0.7 SAND* 9 67 34 . 159 

~ THK: 17 1.6 45.5 0.3 -0.2 0.7 SAND 9 67 34 159 

~ THK: 40 3.8 17.4 0.3 -0.2 1. 6 S-SL 4 40 30 60 2084 

~ THK: 42 4.0 12.4 0.3 -0.2 2.0 SLIM 7 43 1496 12.8 

-\,)1 



SITE ID: HAT01 LOCATION ID: 015 

GROUND WATER DEPTH: 5e.e (FT.) AVERAGE SOIL WEIGHT: 100.0 (PSF) 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.2 2.4 2.2 7.1 0.2 e.e 2.9 SLIM 4 25 846 16.2 

2 2.4 3. 1 e.? 25.2 0.4 e. 1 1. 6 S-SL* 8 52 32 88 3021 

3 3. 1 5.7 2.6 8.9 0.2 e. 1 2.3 SLIM 5 31 1071 7.6 

4 5.8 7.2 1 • 4 27.5 0.3 0.2 1 • 3 S-SL* 9 54 32 96 3294 

5 7.2 9.1 1.9 14.1 0.3 0.2 2. 1 SLIM 9 , 49 1697 6.6 

6 9. 1 10.6 1 . 4 28.8 0.2 0.3 0.8 S-SL* 9 50 32 101 3456 

7 10.6 11.7 1 • 1 16.8 0.3 0.3 1 . 9 SLIM 1 1 59 2015 5.0 

8 11 . 8 16.5 4.8 27.3 0.4 0.3 1 • 3 S-SL* 9 41 30 95 3270' 

9 16.6 18.4 1.9 49.0 0.5 0.3 1 . e SAND* 9 54 32 172 

10 18.5 19.9 1 . 4 28.0 0.4 0.3 1. 5 5-SL* 9 36 29 98 3355 
..._ 

1 1 19.9 22.0 2. 1 42.6 0.5 0.4 1 • 1 S-SL* 14 46 31 149 5109 
~ 

12 22.0 22.7 e.? 17.5 0.3 0.3 1.9 S-SL 5 23 28 61 2101 

13 22.8 25.1 2.4 16.9 0.2 0.4 0.9 S-SL* 5 21 28 59 2024 

% THK: 7 1 . 9 49.0 0.5 0.3 1. e SAND 9 54 32 172 

% THK: 60 14.9 27.4 0.3 0.3 1. 2 S-SL 8 39 30 95 3289 

% THK: 31 7.8 10.8 0.2 0. 1 2.4 SLIM 6 37 1293 9.4 

• • • 



• • • 
SITE ID: HAT01 LOCATION ID: 016 
GROUND WATER DEPTH: 5e.e (FT.) AVERAGE SOIL WEIGHT: 1ee.e (PSF) 

AVG. AVG. UNO. 
- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 e.e 4.4 4.4 8.2 0.2 a. 1 2.3 SLIM 5 29 988 12. 1 
2 4.4 5.1 e.? 22.4 0.3 0.3 1 . 4 S-SL* 7 48 31 79 2694 
3 5.1 7.3 2.1 10.8 0.3 0.2 2.4 SLIM 7 38 1292 6.8 
4 7.3 9.2 1.9 28.0 0.4 0.8 1. 5 S-SL* 9 53 32 98 3365 
5 9.2 10.6 1.4 17.2 0.4 0.8 2.2 SLIM 1 1 60 2066 6.0 

' 
6 10.6 15.6 5.e 29.2 0.4 e.? 1 . 3 S-SL* 9 45 31 102 3506 
7 15.6 16.1 e.5 14.6 e.5 0.6 3.2 SLIM 9 51 1756 2.9 

% THK: 47 7.6 28.3 0.4 e.? 1 . 4 S-SL 8 47 31 98 3395 
% THK: 52 8.4 10.7 0.3 0.3 2.4 SLIM 6 37 1289 9.2 



SITE ID: HAT01 LOCATION ID: 017 

GROUND WATER DEPTH: 50.0 CFT.) AVERAGE SOIL WEIGHT: 100.0 (PSF) 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.1 5.5 5.4 8.2 0.3 -a.a 3.1 SLIM 5 29 989 10.1 

2 5.6 ?.a 1. 4 26.2 a.3 a. 1 1 • 3 S-SL* 8 53 32 92 3139 

3 ?.a 9.3 2.4 13. 1 a.4 a. 1 2.7 SLIM 8 46 1575 6.2 

4 9.4 11 • 5 2.1 4a.7 a.4 a .1 0.9 SAND* 8 60 33 143 

5 11 • 5 12.5 a.9 36.5 0.6 0. 1 1.6 S-SL* 12 53 32 . 128 4376 

6 12.5 13.a 0.5 13.8 0.5 a. 1 3.3 SLIM 9 48 1660 3.7 

1 13.0 17.3 4.3 31.8 0.4 0.1 1 • 1 S-SL* 10 44 31 1 1 1 3812 

8 17.3 19.4 2.1 17.5 0.4 a. 1 2.5 SLIM 1 1 61 2094 2.8 

9 19.4 20.1 0.7 35.6 0.5 a.2 1 • 4 S-SL* 1 1 42 30 124 4268 

- 1 a 2a .1 21.8 1. 6 12.8 a.5 a.2 4.0 SLIM 8 45 1536 1. 9 
\' 

11 21.8 23.2 1 • 4 24.4 0.5 0.2 2.0 SLIM 16 85 2923 2.7 

12 23.3 30.4 1.1 8.4 0.2 2.5 2.9 SLIM 5 29 1a06 1.a 

13 3a.4 31.3 a.9 28.6 0.4 1 . 8 1. 3 S-SL* 9 29 29 100 3426 

14 31.4 31.8 a.5 15.0 a. 1 1.6 1 • a S-SL* 4 16 26 52 1797 

% THK: 6 2.1 4a.7 0.4 a .1 0.9 SAND 8 60 33 143 

% THK: 27 8.7 30.4 0.4 0.4 1. 2 S-SL 9 43 31 106 3643. 

% THK: 65 20.5 11 . 4 a.3 a.9 2.9 SLIM 1 39 1367 4.4 

• • • 



SITE ID: HAT01 LOCATION ID: 018 
GROUND WATER DEPTH: s0.0 CFT.) AVERAGE SOIL WEIGHT: 100.0 CPSF) 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.0 3.6 3.6 13.4 0. 1 -0.0 1 . 0 S-SL* 4 34 29 4? 1609 

2 3.? 4.8 1 . 1 13. 1 0.3 0.B 2.B SLIM 8 46 15?2 10.5 

3 4.9 8.4 3.5 21.5 0.2 0.1 1 . 1 S-SL* ? 4? 31 75 2584 

4 8.4 11 • ? 3.3 32.4 0.3 0. 1 0.9 S-SL* 10 53 32 113 3890 

5 11 . 8 13.4 1. 6 13.? 0.3 0. 1 2.2 SLIM 9 , 48 1644 3.? 

6 13.4 15.6 2.1 25.5 0.3 0.2 1. 2 S-SL* 8 39 30 89 3056 

? 15.6 16.8 1 • 1 40.8 0.3 0.2 0.6 SAND* 8 50 32 143 

8 16.8 18.4 1. 6 40.6 0.5 0.2 1 . 1 S-SL* 13 48 31 142 486? t\--
% THK: 6 1 . 1 40.8 0.3 0.2 0.6 SAND 8 50 32 143 

% THK: 78 14. 1 24.7 0.2 e. 1 1.0 S-SL 7 44 31 86 29?0 

% THK: 15 2.7 13.5 0.3 0. 1 2.1 SLIM 8 4? 1614 6.5 

• • • 



• • • 
SITE ID: HAT01 
GROUND WATER DEPTH: 50.0 (FT.) 

LOCATION·ID: 019 
AVERAGE SOIL WEIGHT: 100.0 (PSF) 

AUG. AUG. UNO. 
- DEPTH - AUG. AUG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.e 0.8 a.1 13.4 

% THK: 1 e0 a. 1 13.4 

0. 1 

0. 1 

-e .1 

-0.1 

0.8 5-SL* 4 34 29 

0.8 S-SL 4 34 29 

, 

47 1613 

46 1613 



SITE ID: HAT01 LOCATION ID: 020 

GROUND WATER DEPTH: s0.0 CFT.) AVERAGE SOIL WEIGHT: 100.0 CPSF> 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.0 1. 0 1.0 15.2 0.1 -0.2 0.8 S-SL* 5 37 30 53 1827 

2 1.0 2.0 1. 0 6.7 0. 1 -0.1 1.8 SLIM 4 23 798 13.9 

3 2.0 3. 1 1 . 1 15.9 0.2 -0.1 1.4 S-SL* 5 38 30 56 1905 

4 3.2 6.5 3.3 10. 1 0.2 -0. 1 2.4 SLIM 6 35 1208 7.9 

5 6.5 9.3 2.8 27.2 0.2 0.0 0.7 S-SL* 9 53 32 95 3265 

6 9.4 10.3 0.9 13.3 0.2 0.0 1. 4 S-SL 4 29 29 47 1599 

7 10.3 11.3 1 .0 31.7 0.2 0.0 0.6 S-SL* 10 51 32 1 1 1 3800 
\3'---

% THK: 61 6.8 22.4 0.2 -0.0 0.9 S-SL 7 44 31 78 2691 

% THK: 38 4.3 9.3 0.2 -0. 1 2.3 SLIM 5 32 1112 9.3 

• • • 



• • • 
SITE ID: HAT01 LOCATION ID: 021 
GROUND WATER DEPTH: 50.0 <FT.) AUERAGE SOIL WEIGHT: 100.0 <PSF) 

AUG. AUG. UNO. 
- DEPTH - AUG. AUG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEUE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.0 1. 2 1. 2 7.2 0. 1 -0.2 2.0 SLIM 4 25 869 27.7 
2 1 . 3 2.5 1 . 2 14.8 0.3 -0. 1 1.7 S-SL 4 36 29 52 1777 
3 2.5 4.9 2.4 8.2 0.2 0.0 2.6 SLIM 5 29 978 8.2 
4 4.9 8.2 3.3 26.4 0.3 0. 1 1.1 S-SL* 8 53 32 92 3163 
5 8.2 9.2 0.9 51.8 0.4 0.2 0.8 SAND* 10 72 35 181 
6 9.2 9.9 0.7 15.4 0.3 0.2 2.1 SLIM 10 54 1847 5.8 
7 9.9 10.6 0.7 26.5 0.3 0.2 1 .2 S-SL* 8 47 31 93 3183 
8 10.6 12.3 1.6 38.8 0.4 0.2 1 .0 S-SL* 12 56 32 136 4657 & 
9 12.3 13.0 0.7 19.0 0.6 0.2 3.0 SLIM 12 67 2283 4.7 

10 13.0 16.6 3.5 28.9 0.4 0.3 1 .6 S-SL* 9 42 30 101 3465 
1 1 16.6 18.2 1.6 40.6 0.5 0.4 1.1 S-SL* 13 48 31 142 4872 
12 18.3 19.2 0.9 19.6 0.5 0.3 2.5 SLIM 13 69 2352 2.9 

% THK: 4 0.9 51.8 0.4 0.2 0.8 SAND 10 72 35 181 
% THK: 63 11 . 9 29.5 0.4 0.2 1. 3 S-SL 9 47 31 103 3543 
% THK: 31 5.9 11 . 9 0.3 0. 1 2.5 SLir1 7 41 1423 10.7 



SITE ID: HATa1 
LOCATION ID: a22 

GROUND WATER DEPTH: 5a.a (FT.) AVERAGE SOIL WEIGHT: 1aa.a CPSF) 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 a .1 2.5 2.4 16.5 a. 1 a.0 a.8 5-SL* 5 39 3a 58 1986 

2 2.5 5.4 2.9 4.5 a. 1 a. 1 1 . 7 SLIM 2 16 538 5.0 

3 5.4 7.5 2. 1 2a.a a.2 0.3 1.0 S-SL* 6 45 31 70 2405 

4 7.5 8.4 0.9 8.9 a.2 0.5 1 . 8 SLIM 5 31 1a64 4.8 

5 8.5 11 . 8 3.3 26.9 a.2 0.5 0.6 S-SL* 8 47 31 94 3233 

6 11.8 13.2 1 . 4 43.6 a.2 0.6 a.6 SAND* 8 58 33 153 

7 13.3 15.1 1. 9 27.9 a.2 0.5 0.7 S-SL* 9 42 30 98 3352 

8 15.2 16. 1 0.9 45.0 0.2 a.5 a.5 SAND* 9 54 32 158 -
9 16. 1 17.2 1 . 1 3a.2 a.3 a.6 1. a S-SL* 10 41 3a 106 3626 

~ 

10 17.3 18.7 1.4 44.7 0.4 a.7 a.8 SAND* 8 51 32 156 

% THK: 2a 3.7 44.4 0.3 a.6 0.7 SAND 8 54 32 155 

% THK: 59 10.8 23.8 a.2 a.4 a.8 S-SL 7 43 31 83 2855 

% THK: 20 3.8 5.5 a. 1 a.2 1.7 SLIM 2 19 662 5.0 

• •• • 



• • • 
SITE ID: HAT01 

LOCATION ID: 023 

GROUND WATER DEPTH: se.e <FT.) AVERAGE SOIL WEIGHT: 100.0 CPSF) 

AVG. AVG. UNO. 

- DEPTH - AVG. AIJG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELA5. 5TREN OCR 

1 e.e 7.2 7.2 6.4 0.2 0.3 3.1 SLIM 4 22 769 7.0 

2 7.2 8.2 1 . e 16.6 0.3 e.s 1.6 S-SL 5 39 30 58 1987 

3 8.2 14. 1 5.8 6.6 0.2 e.? 2.5 SLIM 4 23 792 2.6 

4 14. 1 16.0 1.9 27.7 0.3 1 . e 1.2 5-SL* 9 41 30 97 3330 

5 16.0 23.6 7.6 4.5 0.2 2. 1 3.5 SLIM 2 , 16 537 0.9 

% THK: 12 2.9 23.9 0.3 0.8 1.3 5-SL 7 40 30 83 2866 t\ 

% THK: 87 20.6 5.8 0.2 1 . 1 3.1 SLIM 3 20 689 3.5 ~ 



SITE ID: HAT01 LOCATION ID: 024 
GROUND WATER DEPTH: 5a.e <FT.> AVERAGE SOIL WEIGHT: 100.0 <PSF) 

AVG. AVG. UNO. 
- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 a. 1 2.2 2.1 11 . 3 0.2 a.a 1.6 SLIM 1 40 1359 24.8 
2 2.3 24.? 22.4 4.5 0.2 a.5 4.3 SLIM 2 16 536 1 . 5 

% THK: 100 24.5 5. 1 0.2 a.5 4. 1 SLIM 2 18 606 3.5 
, 

• • • 



• • • 
r-"" .... ,.. LOCATION ID: 025 
SITE ID: HAT01 
GROUND WATER DEPTH: 50.a (FT.) AVERAGE SOIL WEIGHT: 1aa.a (PSF> 

AVG. AVG. UNO. 

- DEPTH - AVG. AUG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEElJE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 a. 1 1 . 3 1 . 2 18.7 a.2 -a.2 1 .1 S-SL* 6 43 3B 65 2245 

2 1 • 3 3.a 1. 6 7.7 a.2 -a. 1 2.1 SLIM 5 27 922 11 . 8 

3 3.a 4. 1 1 • 1 2a.4 a.3 -a .1 1 .6 S-SL* 6 45 31 72 2454 

4 4.2 5.3 1. 2 13.9 a.4 -a .1 2.8 SLIM 9 49 1666 1 a. 1 

5 5.4 6.8 1.4 9.5 a. 1 -a .1 1.4 SLIM 6 33 1137 6.3 
; 

6 6.8 10.6 3.8 8.9 a.3 -a.a 3.0 SLIM 5 31 1069 4.3 

7 10.6 12.0 1.4 13.8 0.2 a.a 1.6 SLIM 9 48 1652 4.3 :t-

8 12. 1 15. 1 3. 1 10.2 0.2 a. 1 2.3 SLIM 6 36 1223 2.7 N 

% THK: 15 2.3 19.5 0.2 -a.2 1 . 3 S-SL 5 43 31 68 2344 

% THK: 84 12.5 10.2 0.2 -a.a 2.4 SLIM 6 35 1218 5.6 



SITE ID: HAT01 LOCATION ID: 026 
GROUND WATER DEPTH: 50.0 (FT.) AVERAGE SOIL WEIGHT: 100.0 CPSF) 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0. 1 5. 1 5.0 14.2 0.1 -0.e 0.9 S-SL* 4 35 29 5e 1?03 

2 5. 1 6.1 0.9 8.2 0.2 e.e 2.3 SLIM 5 29 989 6.1 

3 6.1 9.0 2.9 22.9 0.3 0.2 1.1 S-SL* ? 48 31 80 2?53 

4 9.0 9.? e.? 13.2 0.2 0.2 1 .6 SLIM 8 46 1588 5.3 
~ 

~ THK: 83 ?.9 1?.4 0.2 e .1 1 .e S-SL 5 39 30 61 2088 \.f\ 
~ THK: 16 1.6 10.4 0.2 e .1 2.0 SLIM 6 36 1251 5.8 ~ 

• • • 



SITE ID: HATa1 LOCATION ID: a21 
GROUND WATER DEPTH: 5a.a CFT.) AVERAGE SOIL WEIGHT: 1aa.a <PSF) 

AVG. AVG. UNO. 

-:- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 a .1 1. 8 1.7 12.8 0.2 -e. 1 1 . 3 S-SL 4 33 29 45 1533 

2 1. 8 6.5 4.7 7.1 0.2 e.0 2.8 SLIM 4 25 856 6.8 

3 6.6 9.4 2.9 21.5 0.4 -e.0 1. 8 S-SL 7 46 31 75 2579 

4 9.4 13.2 3.8 22.3 0.3 -e.0 1 . 3 S-SL* 7 40 30 78 2680 

5 13.2 13.9 0.7 8.4 0.0 -e.e 0.5 SLIM* 5 29 1007 2.3 

6 14.0 16.1 2.1 30.8 0.4 0.0 1 .2 S-SL* 10 43 31 108 370a 

7 16. 1 16.8 0.7 14.0 0.5 0.2 3.6 SLIM 9 49 1680 2.7 

8 16.8 17.3 0.5 26.3 0.5 0.3 1.8 S-SL 8 37 29 92 3162 

~ THK: 64 11 . a 22.4 0.3 -0.0 1. 4 S-SL 7 4a 31 78 2692 

~ THK: 35 6.1 8.0 0.2 e.0 2.6 SLIM 4 28 967 5.8 

• • • 



• • • 
SITE ID: HAT01 LOCATION ID: 028 
GROUND WATER DEPTH: 50.0 <FT.) AVERAGE SOIL lA.IE IGHT: 100.0 <PSF) 

AUG. AUG. UNO. 

- DEPTH - AUG. AUG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN ·OCR 

1 0.1 3.0 2.9 13.4 0. 1 -0.2 0.6 S-SL*· 4 34 29 47 1609 

2 3.0 3.7 0.7 8.8 0.1 -0.2 1.0 SLIM* 5 31 1052 9.4 

3 3.7 5.6 1.9 17.6 0.1 -0.2 0.5 s-SL* 5 41 30 62 2115 

4 5.6 10.6 5.0 4.9 0.0 -0.1 0.2 SLIM* 3 17 593 3.0 

~ THK: 45 4.8 15. 1 0. 1 -0.2 0.6 S-SL 4 36 30 52 1809 

~ THK: 54 5.7 5.4 0.0 -0.1 0.3 SLIM 3 18 649 3.8 



SITE ID: HAT01 LOCATION ID: 029 
GROUND WATER DEPTH: s0.0 <FT.) AVERAGE SOIL WEIGHT: 100.0 (PSF> 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.1 7.0 6.9 11.2 0.3 -0.1 2.6 SLIM 7 39 1342 10.7 

2 7.1 10. 1 3.1 3.2 0.3 0.3 8.2 SLIM 2 1 1 383 2.0 

% THK: 100 10.0 8.7 0.3 0.0 4.3 SLIM 5 30 1044 8.0 

, 

• • • 



• • • 
SITE ID: HAT01 
GROUND WATER DEPTH: 50.0 <FT.> 

LOCATION ID: 030 
AVERAGE SOJL WEIGHT: 100.0 <PSF> 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.1 1 .0 1 .0 11 • 1 0.2 -0.1 1.4 SLIM 7 39 1329 41.3 

2 1 • 1 6.5 5.4 6.1 0.1 -0.0 2.1 SLIM 4 21 734 6.5 

3 6.6 8.5 1. 9 18.6 0.3 -0.0 1. 7 S-SL 6 42 30 65 2229 

4 8.5 12.8 4.3 6.9 0.2 0.2 2.9 SLIM 4 24 828 2.8 

~ THK: 15 1.9 18.6 0.3 0.0 1. 7 S-SL 6 42 30 65 2229 
~ THK: 84 10.7 6.9 e .1 0.1 2.4 SLIM 4 23 827 8.3 



SITE ID: HAT01 
-

LOCATION ID: 031 . 
GROUND WATER DEPTH: 5a.a <FT.) AVERAGE SOIL WEIGHT: 100.0 <PSF> 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 a .1 2.5 2.4 6.5 0.2 a.a 3.1 SLIM 4 23 ??5 15.2 

2 2.5 4. 1 1.6 18.9 0.3 -0.0 1.? S-SL 6 43 30 66 2269 

3 4.2 ?.2 3.1 5.8 0.2 0.0 3.9 SLIM 3 20 ?01 4.6 

4 ?.3 8.5 1.2 18.8 0.4 0. 1 2.0 SLIM 12 66 2252 8.5 

5 8.5 11.5 3.1 8.6 0.2 0. 1 2.9 SLIM 5 30 1033 3.6 

6 11.6 12.8 1.2 15. 1 0.3 0.2 1 . 9 SLIM 10 53 1811 4.2 

? 12.8 13.9 1 • 1 6.? 0.3 0.2 3.8 SLIM 4 23 ?99 2.0 

8 14.0 14.? e.? 16.3 0.4 0.4 2.7 SLIM 10 5? 1953 3.6 

9 14.? 15.8 1 • 1 12.2 0.4 0.4 3.6 SLIM 8 43 1469 2.? 

10 15.9 1?.5 1. 6 32.? e.? 0.4 2.3 S-SL 10 43 30 115 3926 

\).\ 1 1 17.5 19.9 2.4 16.0 0.5 0.4 2.8 SLIM 10 56 1924 2.5 

0 12 19.9 21.6 1. 6 9.2 0.2 0.5 1 . 8 SLIM 6 32 1107 1 . 5 

13 21.6 25.4 3.8 11 . 3 0.4 0.8 3.6 SLIM 7 39 1354 1 . 5 

14 25.4 26.8 1 . 4 12 .. 1 0.3 1 . 4 2.8 SLIM 8 42 1451 1. 3 

15 26.9 2?.8 0.9 15.5 0.3 1.? 1.8 S-SL 5 18 2? 54 1856 

16 2?.8 28.? 0.9 9.1 0.3 2.0 2.9 SLIM 6 32 1094 1. e 

1? 28.8 30.4 1. 6 16.5 0.4 1 . 4 2.6 SLIM 10 58 1978 1.4 

18 30.4 32.1 1. 6 10.? a. 1 0.8 1 .;3 SLIM ? 3? 1282 1. 0 

% THK: 13 4. 1 23.5 0.5 0.5 2.0 S-SL ? 3? 30 82 2824 

% THK: 86 27.2 10.9 0.3 0.5 2.9 SLIM 6 38 1313 3.9 

• • • 



• • • 
SITE ID: HAT01 LOCATION ID: 032 

GROUND WATER DEPTH: 50.0 (FT.) AVERAGE SO.IL WEIGHT: 100.0 (PSF) 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.2 2.1 1.9 8.6 0.3 0.0 3.4 SLIM 5 30 1031 20.4 

2 2.1 3.5 1. 4 16.0 0.3 e.e 2.0 SLIM 10 56 1918 16.5 

3 3.6 6.9 3.3 10.2 0.4 -0.0 3.5 SLIM 6 36 1224 7.5 

4 6.9 12.1 5.2 23.1 0.4 0.0 1. 8 S-SL 7 44 31 81 2771 

5 12.2 14.5 2.4 22.1 0.6 0.0 2.7 SLIM 14 77 2647 4.9 

6 14.6 16.4 1. 9 14.4 0.3 0.2 2.2 SLIM 9 50 1725 3.0 

7 16.5 23.1 6.7 36.6 0.7 0.2 2.0 S-SL* 12 43 30 128 4394 

8 23.2 25.0 1.9 60.3 0.9 0.2 1.5 SAND* 12 54 32 211 

9 25.1 30.3 5.2 22.1 0.6 0.2 2.6 SLIM 14 77 2654 2.0 

10 30.3 40.3 10.0 11.9 0.3 0.8 2.1 SLIM 7 42 1427 0.9 

\N 
-..... 

~ THK: 4 1. 9 60.3 0.9 0.2 1. 5 SAND 12 54 32 211 

~ THK: 29 11.9 30.7 0.6 0. 1 1 . 9 S-SL 9 43 31 107 3684 

~ THK: 65 26.1 14.8 0.4 0.4 2.5 SLIM 9 51 1777 4.7 



SITE ID: HAT01 LOCATION ID: 033 
GROUND WATER DEPTH: 50.0 <FT.) AVERAGE SOIL WEIGHT: 100.0 CPSF> 

AVG. AVG. UNO. 
- DEPTH - AUG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN. OCR 

1 0.1 1 • 1 1. 0 10.5 0.2 -0.0 1. 9 SLIM 7 37 1262 38.9 
2 1 • 1 2.0 0.9 13.3 0.2 -0. 1 1. 3 S-SL 4 34 29 47 1601 
3 2.1 4.2 2.1 19. 1 0.3 -0.1 1. 5 S-SL* 6 43 31 67 2296 
4 4.2 6.1 1.9 10.4 0.3 -0.1 2.4 SLIM 6 36 1245 7.7 
5 6.1 1 1 • 1 5.0 25.9 0.3 -0. 1 1.3 S-SL* 8 49 31 91 3105 
6 11.2 12.1 1. 0 48.7 0.5 -0. 1 1.1 SAND* 9 63 33 171 
7 12.1 12.6 0.5 41 .2 0.7 -0. 1 1 .8 S-SL* 13 56 32 144 4944 
8 12.6 15.0 2.4 19.0 0.5 -0. 1 2.6 SLIM 12 67 2283 4.2 
9 15.0 1?.6 2.6 37.8 0.5 -0.0 1 .4 S-SL* 12 48 31 132 4536 

10 17.6 19.3 1. 6 56.9 0.6 -0. 1 1.1 SAND* 1 1 58 33 199 
\)6 1 1 19.3 21.4 2. 1 44.9 0.7 -0.0 1 .6 S-SL* 14 48 31 157 5385 

~ 12 21.5 25.3 3.8 20.6 0.5 -0.0 2.6 SLIM 13 72 2469 2.3 
13 25.3 26.2 0.9· 46.0 0.7 0. 1 1. 5 S-SL* 15 44 31 161 5519 
14 26.2 27.9 1. 6 22.6 0.5 0.0 2.2 S-SL 7 25 28 79 2714 

, 

% THK: 9 2.6 53.7 0.6 -0.1 1 . 1 SAND 10 59 33 188 
% THK: 57 15.7 30.1 0.4 -0.0 1 . 5 S-SL 9 44 31 105 3609 
% THK: 33 9. 1 16.9 0.4 -0.0 2·.5 SLIM 10 59 2031 8.0 

• • • 



• • • 
SITE ID: HATa1 LOCATION ID: a34 
GROUND WATER DEPTH: 5a.a <FT.) AVERAGE SOIL WEIGHT: 1aa.a <PSF>. . 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN ·OCR 

1 a .1 a.6 a.5 11 • 2 a.3 -a.a 2.6 SLIM 7 39 1343 63.1 

2 a.6 5.8 5.2 19.9 a.3 -a.a 1.4 S-SL* 6 44 31 69 2383 

3 5.9 7.1 1. 2 16.4 0.4 -0.1 2.5 SLIM 1a 57 1969 9.1 

4 7.1 9.4 2.4 26.3 a.3 -a .1 1.2 S-SL* 8 51 32 92 3161 

5 9.5 10.7 1. 2 36.5 0.3 -0.1 a.9 S-SL* 12 57 33 128 4385 

6 10.8 12.9 2.1 34.4 a.4 -0.1 1. a S-SL* 1 1 52 32 121 4133 

7 12.9 15.3 2.3 42.9 0.4 -a .1 1.0 SAND* 8 55 32 15a 

8 15.3 15.5 a.2 40.1 a.3 -e .1 0.8 SAND* 8 51 32 141 

9 15.5 22.9 7.3 52.8 a.5 -a .1 1.a SAND* 10 55 32 185 

10 22.9 24.1 1.2 22.3 0.7 -e .1 3.3 SLIM 14 78 2679 2.4 

"" 
1 1 24.1 25.6 1 • 4 6a.0 0.7 -0.0 1.2 SAND* 1 1 53 32 21a 

\).a 
% THK: 44 11 • 2 51.4 a.5 -0.1 1 .0 SAND 9 54 32 18a 

% THK: 43 10.9 25.9 0.3 -e .1 1 .2 S-SL 8 48 32 90 3111 

% THK: 1 1 .2.9 11.9 0.5 -0.1 2.8 SLIM 1 1 62 2154 15.6 



SITE ID: HAT01 LOCATION IO: 035 
GROUND WATER DEPTH: 5e.e CFT.) AVERAGE S.O IL WEIGHT: 100.0 CPSF> 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN · OCR 

1 a .1 5.6 5.5 16.5 0.3 -a .1 1. 7 S-SL 5 39 30 58 1985 

2 5.6 9.9 4.3 27.0 0.4 -0. 1 1. 5 S-SL* 8 52 32 94 3237 

3 9.9 17.3 7.4 38.6 0.4 -0. 1 1 • 1 S-SL* 12 52 32 135 4628 

4 17.4 23.7 6.4 55.4 0.6 -0. 1 1 • 1 SAND* 1 1 55 32 194 
5 23.8 25.6 1.8 23.2 0.6 -0. 1 2.4 S-SL 7 27 29 81 2778 

6 25.6 26.6 1.0 39.1 0.4 -0.0 1 • 1 S-SL* 13 39 30 137 4693 

7 26.7 27.4 e.? 18.9 0.5 -0.1 2.6 SLIM 12 66 2263 1.8 

8 27.4 28.5 1 • 1 16.4 0.3 -0.0 2. 1 SLIM 10 57 1971 1.6 

% THK: 22 6.4 55.4 0.6 -a .1 1 • 1 SAND 1 1 55 32 194 
% THK: 70 20.0 28.7 0.4 -0.1 1. 5 S-SL 8 45 31 100 3438 

\).\ % THK: 6 1 • 8 17.4 0.4 -0.0 2.3 SLIM 10 60 2084 1. 7 
--{:. 

• • • 



• • • 
SITE ID: HATB1 LOCATION 10: 036 
GROUND WATER DEPTH: se.e <FT.) AVERAGE SOIL WEIGHT: 1BB.B <PSF) . 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN. OCR 

1 e .1 2.3 2. 1 12.3 e .1 -e .1 0.8 S-SL* 4 32 29 43 1477 

2 2.3 3.0 0.7 22.6 B.2 -e .1 0.7 S-SL* 7 48 31 79 2709 

3 3.0 3.7 0.7 1 e. 1 0.2 -e .1 2.1 SLIM 6 35 1211 10.3 

4 3.7 4.7 0.9 17.2 e. 1 -e .1 0.8 S-SL* 5 4B 3B 6B 2064 

5 4.7 5.4 0.7 7.4 e. 1 -e .1 1 . 9 SLIM 4 26 887 6.1 

6 5.4 6.8 1 . 4 30.7 0.3 -e .1 1.0 S-SL* 1B 58 33 107 3685 

7 6.9 7.4 e.G 14.8 0.3 -0.2 2.3 SLIM 9 52 1773 7.8 

8 7.4 8.6 1.2 21.7 0.2 -e. 1 0.8 S-SL* 7 46 31 76 2598 

9 8.7 12.2 3.5 35.3 0.4 -e .1 1.1 S-SL* 1 1 55 32 124 4241 

1B 12.2 13. 1 0.9 41.7 0.3 -e. 1 0.7 SAND* 8 56 32 146 

\.).} 
1 1 13.2 14.6 1. 4 37.2 0.4 -0.2 1 .B S-SL* 12 51 32 130 4459 

V'\ 12 14.6 18. 1 3.5 14.2 e.5 e. 1 3.5 SLIM 9 5B 1705 2.7 

% THK: 5 0.9 41.7 0.3 -e. 1 0.7 SAND 8 56 32 146 

% THK: 63 11 • 2 2'6.9 0.3 -e .1 0.9 S-SL 8 47 31 94 3233 

% THK: 31 5.5 12.9 0.4 e.e 3.0 SLIM 7 45 1545 4.7 



SITE 10: HAT01 LOCATION 10: 037 
GROUND WATER DEPTH: s0.0 <FT.) AVERAGt SQIL WEIGHT: 100.0 <PSF) 

AVG. AVG. UNO. 

- DEPTH - AUG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN ·OCR 

1 0.1 2.0 1.9 9.9 0.2 -0.0 1. 9 SLIM 6 35 1183 24.1 

2 2.0 5. 1 3. 1 24.5 0.2 -0. 1 1.0 S-SL* 8 51 32 86 2940 

3 5.1 9.2 4.0 17.3 0.4 -0. 1 2.4 SLIM 1 1 60 2073 8.6 

4 9.2 10.4 1 • 1 24.5 0.3 -0.1 1.2 S-SL* 8 45 31 86 2946 

5 10.4 11.6 1 . 2 12.7 0.3 -0.0 2.6 SLIM 8 44 1519 4.2 

6 11 • 6 13.0 1 . 4 18. 1 0.4 -0.0 2.0 S-SL 6 33 29 63 2177 

7 13.0 19.6 6.6 13.0 0.4 0. 1 2.7 SLIM 8 46 1565 2.6 

% THK: 29 5.6 22.9 0.3 -0.1 1 . 3 S-SL 7 45 31 80 2750 

% THK: 70 13.7 13.8 0.4 0.0 2.5 SLIM 8 48 1656 7.5 

¥ 
, 

• • • 



• • • 
SITE ID: HAT01 ·· LOCATION ID: 038 
GROUND WATER DEPTH: 50.0 <FT.) AVERAGE SOIL WEIGHT: 100.0 CPSF) 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.1 1.0 1.0 11.9 0.2 -0.0 1.7 SLIM 7 42 1430 43.6 

2 1 . 1 3.0 1. 9 17.7 0.2 -0.0 1 .2 S-SL* 5 41 30 62 2120 

3 3. 1 5.6 2.6 13.8 0.4 -0.1 2.5 SLIM 9 48 1659 10.8 

4 5.7 7.6 1. 9 19.2 0.3 -0.1 1. 5 S-SL* 6 43 31 67 2302 

5 7.6 9.9 2.3 6.2 0.2 -0.0 3.2 SLIM 4 22 744 3.2 

% THK: 39 3.8 18.5 0.2 -0.1 1. 4 S-SL 5 42 31 64 2211 

% THK: 60 5.9 10.5 0.3 -0.0 2.6 SLIM 6 36 1263 13.4 

, 



SITE ID: HAT01 LOCATION ID: 039 
GROUND WATER DEPTH: 5e.e CFT.) AVERAGE SOIL WEIGHT: 100.0 CPSF) 

AUG. AUG. UNO. 

~ DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.2 2.8 2.6 16.4 0.2 -0.0 1. 3 S-SL* 5 39 30 57 196? 

2 2.8 4.2 1. 4 9.2 0.3 -0.1 3.1 SLIM 6 32 1103 9.3 

3 4.3 5.e 0.7 22.7 0.4 -0.1 1 .6 S-SL* 7 48 31 79 2725 

4 5.0 5.9 0.9 8.5 0.2 -0.1 2.9 SLIM 5 30 1015 6.3 

5 5.9 6.4 0.4 26.1 0.4 -0.0 1.4 S-SL* 8 53 32 92 3138 

6 6.4 8.0 1.6 9.9 0.3 -0. 1 2.6 SLIM 6 35 1183 5.7 

7 8.1 16.4 8.3 3.7 a. 1 0.0 3.5 SLIM 2 13 442 1. 5 

% THK: 23 3.7 18.6 0.3 -0.0 1. 4 S-SL 5 42 31 64 2236 

% THK: 76 12.2 5.5 0.2 -0.0 3.3 SLIM 3 19 657 3.3 

~ 
~ 

, 

• • • 



• • • 
SITE ID: HAT01 LOCATION ID: 040 
GROUND WATER DEPTH: 50.0 <FT.) AVERAGt SOIL WEIGHT: 100.0 CPSF> 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.1 1.3 1. 2 15.0 0.1 -0.1 0.6 S-SL* 4 37 29 52 1797 

2 1. 3 2.5 1 • 1 14.1 0.2 -0.2 1.4 S-SL 4 35 29 49 1689 

3 2.5 3.4 0.9 45.4 0.4 -0.2 0.9 SAND* 9 71 35 159 

4 3.5 4.2 e.? 15. 1 0.3 -0.2 2.2 SLIM 10 53 1816 12.7 

5 4.2 5.1 0.9 27.2 0.4 -0.2 1. 5 S-SL* 9 54 32 95 3264 

6 5.1 8.2 3. 1 9.1 0.2 -0.1 2.6 SLIM 6 32 1093 5.7 

7 8.3 9.9 1. 6 18.8 e.5 -a. 1 2.6 SLIM 12 66 2252 7.1 

8 9.9 11.3 1. 4 10. 1 0.2 -a .1 1 .6 SLIM 6 35 1217 3.7 

9 11.3 13.3 1.9 12.6 0.3 -e .1 2.4 SLIM 8 44 1507 3.6 

10 13.3 13.7 0.4 27.2 0.3 -e.e 1.1 S-SL* 9 42 30 95 3261 

1 1 13.7 14.7 0.9 10.5 0.2 -e.e 1.7 SLIM 6 37 1260 2.6 

Vi.} 
-..1::\ % THK: 6 0.9 45.4 0.4 -0.2 0.9 SAND 9 71 35 159 

% THK: 25 3.6 19 ~ 1 0.2 -e .1 1.1 S-SL 5 41 30 66 2293 

% THI<:: 68 9.6 12'. 1 0.3 -e .1 2.3 SLIM 7 42 1454 5.4 



PIEZOCONE SOUNDING TEST 
SlTE lD: HAT01 LOCATION ID: 001 
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PIEZOCONE SOUNDING TEST 

SITE lD1 HAT01 
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PIEZOCONE SOUNDING TEST 
LOCATION IO: 003 

SITE I01 HAT01 
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PIEZOCONE SOUNDING TEST 
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PIEZOCONE SOUNDING TEST 

SlT£ JO: HAT91 

POINT STRESS (KG/CM2)~18 POR£ PR£SSUR£ (KG/C~) rRlCTION RATIO (~) 
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e B ct 

LOCAT toti IO: 005 
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PIEZOCONE SOUN~ING TEST 

SITE 101 HAT01 
LOCATION I01 006 

POINT STRESS (KG.tCM2)t18 PORE PRESSURE (KG/C~) rRICTION RATIO (t;) A FACTOR <•)t18 e e 1 2 3 4 5 6 7 R 9199 1 2 3 4 59 1 2 3 4 5 6 7 8 9t09 1 2 3 4 5 6 7 8 9t9 
I I f I f I i I I I I I. I I I I I I I I I. f f I I I •• I I I .. I I I f f .. i i f 

- ~~ - ~ 
-r:. r=- ~~ -====-- -- ·- .. 

• 6 

s ,.... --

....::.- ~-, ~ ~ ".J r:> - ~ 
r-... 

-... [, 
_, 

- --J_ I~ 
~ 

... I t;_ ........... 
_f-~ ~ ~ 

t0 

-r- I i\ 
_ ... -- . 

-..., I 

-=--- ··--

j 
~ - -··-

,-=-- ~ ~ 

.. 
- .. ~ \~ ~ -

~., 

t5 

s 
·---

" 
--25 -

I 

-
- j -

39 -
----

35 -
-
-
-



~ 

" 

PIEZOCONE SOUNDING TEST 
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PIEZOCONE SOUNDING TEST 
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PIEZOCONE SOUNDING TEST 
SlTE lD: HAT91 LOCATIOH IDa 009 
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PIEZOCONE SOUNDING TEST 
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PIEZOCONE SOUNDING TEST 

SITE ID1 HAT01 
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PIEZOCONE SOUNDING TEST 

SlTE lD1 HAT01 

POINT STRESS (KG/CM2)t18 PORE PRESSURE (KG/CtF) rRlCTION RATIO (t;) 
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PIEZOCONE SOUNDING TEST 
SITE 10: HAT01 LOCATION ID1 0t3 
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PIEZOCONE SOUNDING TEST 
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PIEZOCONE SOUNDING TEST 
SlTE IDa HAT91 LOCATIOtf ID 1 01 S 
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PIEZOCONE SOUNDING TEST 

SlTE lD: HAT91 
LOCATIOH ID1 016 
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PIEZOCONE SOUNDING TEST 
SIT£ ID: HAT81 LOCATION ID: 017 
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PIEZOCONE SOUND!NG TEST 

SITE 10: HAT01 

POINT STRESS (K6"'CM2)•18 PORE PRESSURE (KG"'CtF) rRlCTION RATIO (10 
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PIEZOCONE SOUNDING TEST 
LOCATION ID1 019 

SITE lDI HAT01 
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PIEZOCONE SOUNDING TEST 

SlT£ 10: HAT01 
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PIEZOCONE SOUNDING TEST 
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PIEZOCONE SOUNDING TEST 
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PIEZOCONE SOUNDING TEST 
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PIEZOCONE SOUNDING TEST 
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PIEZOCONE SOUNDING TEST 
LOCATIOH IDa 025 
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PIEZOCONE SOUNDING TEST 
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PIEZOCONE SOUNDING TEST 
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PIEZOCONE SOUNDING TEST 
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LOCAT IOtt ID: 028 
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PIEZOCONE SOUNDING TEST 
SlTE 10: HAT91 
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PIEZOCONE SOUNDING TEST • 
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Tabl~ o~.l Gtoch~m1cal analrses of Colorado State Un1versttr bortngs 

Const1tuentb 
SIIIIP1t £1~ctrtul CaCOf 

llor1ng depth pH conducthUr ~ Fe ~~ !!:!1 •• ~] Al ~ AI ~· equha ent 

•umb~r• (feet) (mhos/c~nt1~ter) 
(percent) 

IUt-200 2.5 8.1 1.8 3(,50 158 2ifl0 782 323 130 112 252 4 3 10.4 

"H-200 3.0 8.0 1.8 3140 130 2500 507 118 r.o 718 224 4 2 21.1 

"H-200 3.5 1.1 2.0 4240 128 4260 413 1(,1 (,0 (,75 183 4 4 19.3 

"H-200 4.0 8.0 1.9 3870 110 3380 378 69 <20 781 159 4 4 21.1 

MH-200 4.8 8.2 0.2 200 118 222 29 30 272 288 390 3 5 3fi.O 

Mll-200 (,,0 8.(, 0.1 111 84 131 21 1(, <20 3fl3 29r. 2 4 11.5 

"H-200 10.0 8.(, 0.2 270 115 211 53 41 <20 3Jr. 191 3 4 3r..o 

"H-200 15.0 8.r. 0.1 6J 106 114 30 49 <20 348 138 3 4 49.1 

"H-200 19.0 8.5 0.1 134 82 155 35 29 <20 248 224 2 3 18.7 

flt-205 5.5 1.5 0.2 113 112 1(,7 (,5 35 <20 211 222 3 5 41.0 

"H-205 fi.O 8.3 0.1 lfiO 215 1460 18(, 50 <20 325 (,10 2 3 29.(, 

"H-205 7.0 8.5 0.2 190 144 149 55 81 <20 30fl 228 3 2 3fl.4 

MH-205 10.0 7.9 1.7 3050 96 2110 541 2fl8 <20 931 194 2 <1 18.0 ~ 
"H-205 12.5 8.1 0.2 300 78 105 flO 29 30 609 89 1 1 11.5 ~ 

"H-205 11.0 8.4 0.1 150 6J 131 44 35 20 216 237 1 <1 12.1 

"H-205 22.0 8.3 0.2 110 38 53 23 300 30 (,Jl 45 1 3 (, .1 

"H-205 25.5 8.fl 0.1 155 87 130 37 36 20 217 193 13 <1 11.4 

flt-201 27.0 (,.4 2.0 5070 430 5410 117 9(, <20 549 l2 13 <1 0.84 

MH-208 27.5 8.0 0.2 348 304 340 4l 22 <20 253 211 4 • 34.4 

"H-208 30.2 8.5 0.1 90 130 131 2(, 24 <20 263 231 4 6 32.0 

MH-208 3fi.O 8.4 0.1 89 93 116 32 31 <20 260 208 2 3 31.4 

MH-208 38.0 8.1 0.2 370 14 289 91 72 <20 845 128 2 <1 9.1 

MH-208 43.0 8.r. 0.1 6J 119 111 32 35 <20 342 202 2 2 29.1 

flt-208 49.0 1.1 0.2 120 52 124 41 98 <20 r.n 103 3 <1 18.0 

•lor1ng nu.bers current1r do not have 00( 1dent1f1cat1on numbers; CSU bor1ng n~ers repres~nt •• roct cor~ SIIIIP1ts. 
bAna1rs1s don~ br so1ut~ e•tract1on; values are ••pressed 1n m1111grams per gra• of drr so11; S04 - sulfate; Fe - 1ron: 

Ca - ca1c1u.; ttg - .agneslum; As - arsenic; s~ - s~1en1um • 

• • • 



• • • 
SITE IO: HAT01 LOCATION IO: 001 
GROUND WATER DEPTH: sa.a <FT.) AVERAGE SOIL WEIGHT: 100.a CPSF> 

AVG. AVG. UNO. 

·-DEPTH- AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN. FA ELAS. STREN. OCR 

1 a .1 1. 3 1. 2 16.4 0.2 a.a 1. a S-SL* 5 39 3a 57 1965 

2 1.3 4.1 2.8 7.3 e. 1 e. 1 1 . 4 SLIM 4 25 87a 9.6 

3 4.2 8.a 3.8 22.6 0.3 e. 1 1.1 S-SL* 7 48 31 79 27a9 

4 8.0 1 a. 1 2.1 14.2 0.4 a.2 2.6 SLIM 9 sa 1709 5.8 

5 10. 1 11 • 1 1. a 24.5 0.3 0.2 1.4 S-SL* 8 44 31 86 2937 

6 11 • 1 12.5 1. 4 14.3 0.4 0.2 2.7 SLIM 9 50 1718 4.2 

7 12.5 13.7 1.2 25.7 0.4 0.4 1 .5 S-SL* 8 41 3a 90 3a86 ~ 
8 13.8 18.5 4.8 13.2 0.4 1 • 1 2.8 SLIM 8 46 1585 2.6 

9 18.6 23.3 4.7 30.6 0.6 0.s 1.9 S-SL* 1a 37 29 107 3671 

10 23.3 25.2 1.9 18.a 0.6 1 • 4 3.2 SLIM 12 63 2164 2.a 

11 25.3 28.3 3.1 6.2 0. 1 2.7 2.1 SLIM 4 22 742 0.8 

12 28.3 30.7 2.3 21.8 0.s 1 • a 2.2 SLIM 14 76 2615 1 . 8 

13 3a.7 33.8 3.1 11.8 0.4 6.6 3.3 SLIM 7 41 1414 1. 0 

" 
~ THK: 35 "11. 9 25.6 a.4 a.3 1.5 S-SL 8 41 30 89 3071 

~ THK: 64 21.5 12.7 0.3 1. 9 2.5 SLIM 7 44 1527 3.3 



SITE ID: HAT01 
LOCATION ID: 002 

GROUND WATER DEPTH: s0.0 <FT.) AVERAGE SOIL WEIGHT: 100.0 <PSF) 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN. FA ELAS. STREN. OCR 

1 0.1 0.8 0.7 48.0 0.3 -0. 1 0.7 SAND* 9 72 35 168 

2 0.8 9.8 9.1 23.7 0.2 0.0 0.8 S-SL* 7 49 31 83 2845 

3 9.9 13.2 3.3 13.4 0.4 1.6 2.7 SLIM 8 47 1611 4. 1 

4 13.2 17.0 3.8 30 .,4 0.4 0.5 1 .2 S-SL* 10 43 30 106 3647 

5 17.1 18.6 1.6 43.1 0.3 0. 1 0.8 SAND* 8 50 31 151 

6 18.7 19.6 0.9 22.2 0.4 0.2 1. 9 S-SL 7 30 29 78. 2662 

7 19.6 21.0 1 . 4 56.3 0.5 0.3 1.0 SAND* 1 1 55 32 197 ~ 
~ 

% THK: 17 3.7 49.0 0.4 0. 1 0.9 SAND 9 56 32 171 

% THK: 66 13.8 25.4 0.3 0.2 1 . 0 S-SL 7 46 31 89 3053 

% THK: 15 3.3 13.4 0.4 1 . 6 2.7 SLIM 8 46 1611 4.1 

, 

• • • 



• • • 
SITE ID: HAT01 LOCATION ID: 003 
GROUND WATER DEPTH: 50.0 (FT.) AVERAGE SOIL WEIGHT: 100.0 (PSF) . 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN .FA ELAS. STREN OCR 

1 0.1 1. 2 1 . 1 6.? 0.0 -0.0 0.6 SLIM* 4 23 800 25.6 

2 1.2 14.8 13.5 24.9 0.2 0. 1 1 .0 S-SL* 8 48 31 8? 2985 

3 14.8 18.1 3.3 8.8 0.3 0.3 3.4 SLIM 5 31 105? 1.9 

4 18.2 20.1 1. 9 27.5 0.4 0.4 1 .4 S-SL* 9 36 29 96 3302 

5 20.1 21.0 0.9 52.8 0.4 0.2 0.? SAND* 10 53 32 185 
6 21.1 23.9 2.8 27.4 8.4 8.2 1 .5 S-SL* 9 33 29 96 328? 

? 23.9 25.8 1. 9 4.8 8.2 0.4 4.0 SLIM 3 1? 5?4 0.? 
!'(\, 
~ 

% THK: 3 0.9 52.8 0.4 0.2 0.? SAND 10 52 32 185 
% THK: ?1 18.2 25.6 0.3 0. 1 1 . 1 S-SL 8 44 31 89 3064 

% THK: 24 6.3 7.2 0.2 8.3 3.1 SLIM 4 25 866 5.7 

" 



PIEZOCONE SOUNDING TEST 
SITE ID1 HAT01 

POINT STRESS O~G~'CM2)•18 PORE PRESSURE (KG~'CtF) FRICTION RATIO (J;) 
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PIEZOCONE SOUNDING TEST 

SlTE 10: HAT01 

POINT STRESS 0(G/CM2)•18 PORE PRESSURE (KG/CtF) F"RlCTION RATIO (J;) 
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PIEZOCONE SOUNDING TEST 
SITE lD& HAT01 

POINT STRESS OCG/CM2)•1fJ PORE PRESSURE (KG/Cf"F) rRICTION RATIO (lli) 

LOCATION ID1 033 
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PIEZOCONE SOUNDING TEST 

SITE lOa HAT01 

POINT STRESS <KG/CM2)lt1fJ PORE PRESSURE <KG/CtF) f"RICTION RATIO (Ji) 

LOCATIOtt IO: 034 
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PIEZOCONE SOUNDING TEST 
SITE I01 HAT01 

POINT STRESS OCG/Ct12)~t1fJ PORE PRESSURE (I<G/CtF) F"RICTION RATIO (li) 
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PIEZOCONE SOUNDING TEST 

SITE 10: HAT91 LOCATION IO: 036 

POINT STRESS <KG/CM2)t18 PORE PRESSURE <KG/C~) rRICTION RATIO (") A FACrnR (~)t18 
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PIEZOCONE SOUNDING TEST 
SlTE lD: HAT91 

LOCATION ID1 037 

POINT STRESS (KG/CM2)•1~ PORE PRESSURE (KG/CMF) - rRICTION RATIO (~) A FACTOR 
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PIEZOCONE SOUNDING TEST 

SITE ID: H~T01 
LOCATION ID: 038 
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PIEZOCONE SOUNDING TEST 

SlTE lD& HAT01 

POINT STRESS (KG/CM2J•1e PORE PRESSURE (KG/CNF) 
8 1 ~ 1 4 
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PIEZOCONE SOUNDING TEST 

SITE ID: H~T01 LOCATION ID: 040 

POINT STRESS (kG/CM2)t1fJ PORE PRESSURE (KG/CtF) FRICTION RATIO PO A FACTOR (~)t1fJ 
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SITE ID: HAT01 LOCATION ID: 006 
GROUND WATER DEPTH: s0.0 CFT.) AVERAGE ·solL WEIGHT: 100.0 CPSF) 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELA5. 5TREN OCR 

1 0. 1 3.0 2.9 16.8 0. 1 -0.0 0.s S-SL* 5 40 30 59 2014 

2 3.0 5. 1 2. 1 6.5 0.2 -0. 1 3.0 SLIM 4 23 778 6.5 

3 5. 1 9. 1 4.0 21.0 0.2 -0.0 1. 2 S-SL* 7 45 31 74 2520 

4 9.2. 11 . 8 2.6 12.6 0. 1 -0.0 1 . 1 5-SL* 4 27 29 44 1518 

5 11.8 19.2 7.3 7. 1 0.2 0.s 3. 1 SLIM 4 25 857 1.8 

% THK: sa 9.5 17.4 0. 1 0.0 1 . 0 5-SL 5 38 30 61 2091 't-

% THK: 49 9.4 7.0 0.2 0.4 3. 1 SLIM 4 24 839 2.8 1.)() 

• • • 



• • • 
SITE 10: HAT01 

LOCATION 10: 001 

GROUND WATER DEPTH: 50.0 <FT.) AVERAGE SO~L l..IEIGHT: 100.0 <PSF) 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN F"A ELAS. STREN OCR 

1 0. 1 1.0 1 . 0 9.9 0.2 0.0 2.0 SLIM 6 34 1182 39.5 

2 1. 0 3.9 2.8 15.5 0.2 0.0 1 . 2 S-SL* 5 38 30 54 1864 

3 3.9 13.0 9. 1 1.4 0.3 -0.0 4.2 SLIM 4 26 881 3.8 

" THK: 21 2.8 15.5 0.2 e.0 1 . 2 S-SL 5 38 30 54 1863 

" THK: 18 10. 1 1.6 0.3 0.0 4.0 SLIM 4 26 916 1.3 

~ 

, 



SITE ID: HAT01 LOCATION ID: 008 
GROUND WATER DEPTH: 50.0 <FT.) AVERAGE SOIL WEIGHT: 100.0 <PSF) 

AVG. AVG. UNO. 
- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEIJE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0. 1 1 . 3 1 . 2 9.5 0. 1 -0.0 1 . 4 SLIM 6 33 1144 32.2 
2 1 . 3 3.9 2.6 22.4 0.2 -0.0 1 . 0 S-SL* 7 48 31 78 2690 
3 3.9 7.2 3.3 11 . 6 0.3 -0.0 2.8 SLIM 7 41 1393 7.8 
4 7.3 16.3 9. 1 5. 1 0.2 -0. 1 3.3 SLIM 3 18 608 2.0 

% THK: 16 2.6 22.4 0.2 0.0 1 . 0 S-SL 7 48 31 78 2690 
% THK: 83 13.6 7. 1 0.2 -0. 1 3.0 SLIM 4 24 845 6. 1 

, 

• • • 



• • • 
SITE ID: HAT01 LOCATION ID: 009 
GROUND WATER DEPTH: 50.0 <FT.) AVERAGE SOIL WEIGHT: 100.0 <PSF) 

AVG. AVG. UNO. 
- DEPTH - AUG. AlJG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0. 1 3.4 3.3 18.2 0. 1 -0.0 0.7 S-SL* 6 42 30 64 2183 

2 3.4 4.8 1 . 4 9.9 0.3 0.0 2.8 SLIM 6 35 1194 8.8 

3 4.9 6.0 1.2 33.2 0.2 0.1 0.7 S-SL* 1 1 60 33 116 3980 
4 6. 1 6.5 0.4 12.9 0.3 0. 1 2. 1 SLIM 8 45 1553 7.8 

% THK: 71 4.5 22.2 0. 1 0.0 0.7 S-SL 7 46 31 77 2662 
% THK: 28 1.8 10.6 0.3 0.0 2.6 SLIM 6 37 1273 8.6 

, 



SITE ID: HATa1 LOCATION ID: 01a 
GROUND WATER DEPTH: sa.a CFT.) AVERAGE SOlL WEIGHT: 1aa.a CPSF) 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 a. 1 2.a 1. 9 14.2 a. 1 -a. 1 a.s S-SL* 4 35 29 sa 17a1 

2 2.a 3.6 1 .6 7.a a. 1 -a.a 1. 6 SLIM 4 25 842 9.a 

~ THK: 54 1 . 9 14.2 a .1 -a .1 a.s S-SL 4 35 29 sa. 17a1 

~ THK: 45 1. 6 7.a a. 1 a.a 1 . 6 SLIM 4 25 842 9.0 

, 

• • • 



• • • 
SITE ID: HAT01 LOCATION ID: 811 
GROUND WATER DEPTH: 5a.a <FT.> AVERAGE SOIL WEIGHT: 1aa.a CPSF) 

AUG. AVG. UNO. 
- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 a. 1 a.8 a.? 36.1 a.6 0.a 1 . 7 S-SL* 12 63 33 126 4326 
2 0.8 2.5 1 . 6 56.8 0.5 0.0 0.8 SAND* 1 1 78 36 199 
3 2.5 9.8 7.3 26.2 0.2 0.2 0.7 S-SL* 8 52 32 92 3147 
4 9.9 10.8 0.9 15.8 0.2 3.0 1 . 5 S-SL 5 32 29 55 1891 
5 10.8 12.2 1 . 4 21.5 0.3 1 . 5 1. 5 S-SL* 7 39 30 75 2583 
6 12.3 16.3 4.a 7.0 0.e 1 . 4 0.7 SLIM* 4 24 839 1. 9 

% THK: 10 1 . 6 56.8 0.5 0.e 0.8 SAND 1 1 78 36 199 
% THK: 64 10.3 25.3 0.2 e.G 0.9 S-SL 7 49 32 88 3040 
% THK: 25 4.0 7.0 e.e 1 . 4 0.7 SLIM 4 24 839 1. 9 

, 



SITE ID: HAT01 LOCATION ID: 012 
GROUND WATER DEPTH: 5o.o <FT.) AVERAGE SOIL WEIGHT: 100.0 CPSF) 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 o .1 0.8 0.7 17.4 0.2 -0.0 1. 4 S-SL* 5 41 30 61 2086 

2 0.8 1 . 5 0.7 53.2 0.5 0. 1 0.9 SAND* 10 76 35 186 

3 1 . 5 2.7 1 . 2 28.7 0.3 0.0 1 . 1 S-SL* 9 56 32 101 3448 

4 2.7 . 3.6 0.9 37.3 0.3 0. 1 0.7 SAND* 7 64 34 131 

5 3.7 6.8 3. 1 21.9 0.2 0. 1 1 . 0 S-SL* 7 47 31 77 2631 

6 6.8 7.4 0.7 9.5 0.2 0.2 1 . 9 SLIM 6 33 1138 5.6 

7 7.5 8.2 0.7 18.4 0.2 0.2 0.9 S-SL* 6 42 30 64 2207 ~ 

8 8.2 8.9 0.7 32.1 0.3 0.2 0.8 S-SL* 10 57 33 112 3852 ~ 

9 8.9 1 1 . 1 2. 1 19.7 0.2 0.3 1. 2 S-SL* 6 39 30 69 2360 

10 1 1 . 1 12.0 0.9 7. 1 0. 1 0.6 1 . 9 SLIM 4 25 855 2.6 

% THK: 13 1. 6 44.3 0.4 0. 1 0.8 SAND 8 69 34 155 

% THK: 72 8.5 22.5 0.2 0. 1 1 . 1 S-SL 7 46 31 78 2700 

% THK: 13 1 . 6 8.2 o. 1 0.4 1 • 9 SLIM 4 28 978 3.9 

• • • 



• • • 
SITE ID: HAT01 LOCATION ID: 013 
GROUND WATER DEPTH: 50.0 CFT.) AVERAGE SOIL WEIGHT: 100.0 <PSF) 

AVG. AVG. UNO. 
. - DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0. 1 1. 0 1. 0 13.2 0. 1 -0.1 0.9 S-SL* 4 33 29 46 1579 
2 1 . 0 1. 7 0.7 9.7 0.2 -0. 1 1 . 8 SLIM 6 34 1167 19.3 
3 1 . 8 5.5 3.8 16.6 0.2 -0.0 1 . 3 S-SL* 5 39 30 58 1989 
4 5.6 10. 1 4.5 31.2 0.2 -0.1 0.8 S-SL* 10 56 32 109 3740 

~ THK: 93 9.3 23.3 0.2 -0. 1 1 . 0 S-SL 7 46 31 81 2792 
~ THK: 6 0.7 9.7 0.2 -0. 1 1 . 8 SLIM 6 34 1167 19.3 ...._ 

~ 



SITE ID: HAT01 LOCATION ID: 014 
GROUND WATER DEPTH: 50.0 <FT.) A~..'ERAGE SOIl WEIGHT: 100.0 <PSF) 

AUG. AUG. UNO. 
- DEPTH - AUG. AUG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEUE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.2 1 . 1 0.9 17.6 0.3 -0.2 1 . 7 S-SL 5 41 30 61 2107 
2 1 . 1 2.0 0.9 7. 1 0.2 -0.2 2.4 SLIM 4 25 858 14.0 

3 2. 1 5. 1 3. 1 14.0 0.3 -0.2 1 . 9 SLIM 9 49 1682 12.5 

4 5. 1 8.0 2.9 17.3 0.3 -0.2 1 . 6 S-SL 5 40 30 61 2078 
5 8.0 9.7 1 . 6 45.5 0.3 -0.2 0.7 SAND* 9 67 34 159 

~ 
% THK: 17 1 . 6 45.5 0.3 -0.2 0.7 SAND 9 67 34 159 ~ 

% THK: 40 3.8 17.4 0.3 -0.2 1 . 6 S-SL 4 40 30 60 2084 
% THK: 42 4.0 12.4 0.3 -0.2 2.0 SLIM 7 43 1496 12.8 

, 

• • • 



• • • 
SITE ID: HAT01 LOCATION ID: 015 
GROUND WATER DEPTH: 50.0 <FT.) AVERAGE SOIL WEIGHT: 100.0 (PSF) 

AVG. AVG. UNO. 
- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.2 2.4 2.2 ? .1 0.2 0.0 2.9 SLIM 4 25 846 16.2 
2 2.4 3. 1 0.? 25.2 0.4 0. 1 1. 6 S-SL* 8 52 32 88 3021 
3 3. 1 5.? 2.6 8.9 0.2 0. 1 2.3 SLIM 5 31 1071 ?.6 
4 5.8 ?.2 1 . 4 2?.5 0.3 0.2 1. 3 S-SL* 9 54 32 96 3294 
5 ?.2 9. 1 1. 9 14. 1 0.3 0.2 2. 1 SLIM 9 49 169? 6.6 
6 9. 1 10.6 1 . 4 28.8 0.2 0.3 0.8 S-SL* 9 50 32 101 3456 
? 10.6 11 . ? 1 . 1 16.8 0.3 0.3 1.9 SLIM 1 1 59 2015 5.0 ~ 

~ 

8 11 . 8 16.5 4.8 27.3 0.4 0.3 1. 3 S-SL* 9 41 30 95 32?0 
9 16.6 18.4 1. 9 49.0 0.5 0.3 1.0 SAND* 9 54 32 1?2 

10 18.5 19.9 1 . 4 28.0 0.4 0.3 1.5 S-SL* 9 36 29 98 3355 
1 1 19.9 22.0 2.1 42.6 0.5 0.4 1.1 5-SL* 14 46 31 149 5109 
12 22.0 22.? 0.? 17.5 0.3 0.3 1. 9 S-SL 5 23 28 61 2101 
13 22.8 25.1 2.4 16.9 0.2 0.4 0.9 S-SL* 5 21 28 59 2024 

, 
~ THK: ? 1. 9 49.0 0.5 0.3 1.0 SAND 9 54 32 1?2 
~ THK: 60 14.9 2?.4 0.3 0.3 1 .2 S-SL 8 39 30 95 3289 
~ THK: 31 ?.8 10.8 0.2 0. 1 2.4 SLIM 6 3? 1293 9.4 



SITE ID: HAT01 LOCATION IO: 016 
GROUND WATER DEPTH: 50.0 CFT.) AVERAGE SO~L WEIGHT: 100.0 CPSF) 

AVG. AVG. UNO. 
- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.0 4.4 4.4 8.2 0.2 0. 1 2.3 SLIM 5 29 988 12. 1 
2 4.4 5. 1 0.7 22.4 0.3 0.3 1 . 4 S-SL* 7 48 31 79 2694 
3 5. 1 7.3 2. 1 10.8 0.3 0.2 2.4 SLIM 7 38 1292 6.8 
4 7.3 9.2 1. 9 28.0 0.4 0.8 1 . 5 S-SL* 9 53 32 98 3365 
5 9.2 10.6 1 . 4 17.2 0.4 0.8 2.2 SLIM 1 1 60 2066 6.0 
6 10.6 15.6 5.0 29.2 0.4 0.7 1 . 3 S-SL* 9 45 31 102 3506 'l-
7 15.6 16. 1 0.5 14.6 0.5 0.6 3.2 SLIM 9 51 1756 2.9 ~ 

% THK: 47 7.6 28.3 0.4 0.7 1. 4 S-SL 8 47 31 98 3395 
% THK: 52 8.4 10.7 0.3 0.3 2.4 SLIM 6 37 1289 9.2 

• • • 



• • • 
SITE ID: HAT01 LOCATION ID: 017 
GROUND WATER DEPTH: s0.0 (FT.) AVERAGE SOIL WEIGHT: 100.0 (PSF> 

AVG. AVG. UNO. 
-.DEPTH- AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.1 5.5 5.4 8.2 0.3 -0.0 3. 1 SLIM s 29 989 10. 1 
2 5.6 7.0 1. 4 26.2 0.3 0. 1 1 . 3 S-SL* 8 53 32 92 3139 
3 7.0 9.3 2.4 13. 1 0.4 0. 1 2.7 SLIM 8 46 1575 6.2 
4 9.4 11 . 5 2. 1 40.7 0.4 0. 1 0.9 SAND* 8 60 33 143 
s 11.5 12.5 0.9 36.5 0.6 0. 1 1 . 6 S-SL* 12 53 32 128 4376 
6 12.5 13.0 0.5 13.8 0.5 0. 1 3.3 SLIM 9 48 1660 3.7 \.P 

7 13.0 17.3 4.3 31.8 0.4 0. 1 1 . 1 S-SL* 10 44 31 1 1 1 3812 ~ 

8 17.3 19.4 2. 1 17.5 0.4 0. 1 2.5 SLIM 1 1 61 2094 2.8 
9 19.4 20.1 0.7 35.6 0.5 0.2 1 . 4 S-SL* 1 1 42 30 124 4268 

10 20.1 21.8 1 . 6 12.8 0.5 0.2 4.0 SLIM 8 45 1536 1. 9 
1 1 21.8 23.2 1 . 4 24.4 0.5 0.2 2.0 SLIM 16 85 2923 2.7 
12 23.3 30.4 7. 1 8.4 0.2 2.5 2.9 SLIM 5 29 1006 1 . 0 
13 30.4 31.3 0.9 28.6 0.4 1. 8 1 . 3 S-SL* 9 29 29 100 3426 
14 31.4 31.8 0.s 15.~ 0. 1 1 • 6 1 • 0 S-SL* 4 16 26 52 1797 

% THK: 6 2. 1 40.7 0.4 0. 1 0.9 SAND 8 60 33 143 
% THK: 27 8.7 30.4 0.4 0.4 1 . 2 S-SL 9 43 31 106 3643 
% THK: 65 20.5 11 . 4 0.3 0.9 2.-9 SLir·1 7 39 1367 4.4 



SITE ID: HAT01 LOCATION ID: 018 
GROUND WATER DEPTH: 5e.a CFT.) AVERAGE SOIL WEIGHT: 1aa.a CPSF) 

AVG. AVG. UNO. 
- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 a.e 3.6 3.6 13.4 a. 1 -e.a 1 . a S-SL* 4 34 29 47 16a9 
2 3.7 4.8 1 . 1 13. 1 a.3 e.a 2.a SLIM 8 46 1572 1a.5 

3 4.9 8.4 3.5 21.5 a.2 e. 1 1 . 1 S-SL* 7 47 31 75 2584 
4 8.4 11 • 7 3.3 32.4 0.3 0. 1 0.9 S-SL* 10 53 32 113 3890 
5 11 . 8 13.4 1 . 6 13.7 0.3 a. 1 2.2 SLIM 9 48 1644 3.7 
6 13.4 15.6 2. 1 25.5 0.3 0.2 1. 2 S-SL* 8 39 3a 89 3056 
7 15.6 16.8 1 • 1 40.8 0.3 0.2 a.6 SAND* 8 50 32 143 
8 16.8 18.4 1.6 4a.6 0.5 0.2 1 . 1 S-SL* 13 48 31 142 4867 

% THK: 6 1 . 1 40.8 a.3 0.2 0.6 SAND 8 50 32 143 
% THK: 78 14. 1 24.7 0.2 e. 1 1. e S-SL 7 44 31 86 297a 
% THK: 15 2.7 13.5 0.3 e. 1 2. 1 SLIM 8 47 1614 6.5 

"· 

• • • 



• • • 
SITE ID: HAT01 LOCATION ID: 019 
GROUND WATER DEPTH: 50.0 (FT.) AVERAGE SOIL WEIGHT: 100.0 (PSF) 

AVG. AVG. UNO. 
- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.0 0.8 0.7 13.4 0. 1 -0. 1 0.8 S-SL* 4 34 29 47 1613 

% THK: 100 0.7 13.4 0. 1 -0. 1 0.8 S-SL 4 34 29 46 1613 

, 



SITE ID: HATB1 LOCATION ID: 020 
GROUND WATER DEPTH: 5e.e <FT.) AVERAGE SOIL WEIGHT: 1ee.e <PSF> 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 e.e 1 . a 1. a 15.2 a. 1 -e.2 0.8 S-SL* 5 37 30 53 1827 

2 1. 0 2.0 1 . 0 6.7 0. 1 -0. 1 1 . 8 SLIM 4 23 798 13.9 

3 2.0 3.1 1 . 1 15.9 0.2 -0. 1 1 . 4 S-SL* 5 38 30 56 1905 

4 3.2 6.5 3.3 1 a. 1 0.2 -0. 1 2.4 SLIM 6 35 1208 7.9 

5 6.5 9.3 2.8 27.2 0.2 0.0 e.? S-SL* 9 53 32 95 3265 

6 9.4 10.3 0.9 13.3 0.2 0.0 1. 4 S-SL 4 29 29 47 1599 

7 10.3 11 . 3 1 . a 31.7 0.2 0.0 0.6 S-SL* 10 51 32 1 1 1 3800 

% THK: 61 6.8 22.4 e.2 -0.0 0.9 S-SL 7 44 31 78 2691 
% THK: 38 4.3 9.3 0.2 -0.1 2.3 SLIM 5 32 1112 9.3 

, 

• • • 



• • • 
SITE ID: HATa1 LOCATION ID: a21 
GROUND WATER DEPTH: 5a.a <FT.) AVERAGE SOIL WEIGHT: 1aa.a <PSF> 

AVG. AVG. UNO. 
- DEPTH - AVG. AUG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 a.a 1 . 2 1.2 7.2 a .1 -a.2 2.a SLIM 4 25 869 27.7 

2 1 . 3 2.5 1. 2 14.8 a.3 -a. 1 1 . 7 S-SL 4 36 29 52 1777 

3 2.5 4.9 2.4 8.2 a.2 a.a 2.6 SLIM 5 29 978 8.2 

4 4.9 8.2 3.3 26.4 0.3 0. 1 1 . 1 S-SL* 8 53 32 92 3163 
5 8.2 9.2 0.9 51.8 0.4 0.2 0.8 SAND* 10 72 35 181 
6 9.2 9.9 0.7 15.4 0.3 0.2 2. 1 SLIM 10 54 1847 5.8 ~ 

~ 

7 9.9 10.6 0.7 26.5 0.3 0.2 1 . 2 S-SL* 8 47 31 93 3183 

8 10.6 12.3 1 . 6 38.8 0.4 0.2 1 . 0 S-SL* 12 56 32 136 4657 
9 12.3 13.0 0.7 19.0 0.6 0.2 3.0 SLIM 12 67 2283 4.7 

10 13.0 16.6 3.5 28.9 0.4 0.3 1 . 6 5-SL* 9 42 3a 101 3465 
1 1 16.6 18.2 1. 6 4a.6 0.5 a.4 1 . 1 S-SL* 13 48 31 142 4872 

12 18.3 19.2 0.9 19.6 0.5 0.3 2.5 SLIM 13 69 2352 2.9 

% THK: 4 0.9 51.8 0.4 0.2 0.8 SAND 1a 72 35 181 
11 . 9 ' % THK: 63 29.5 0.4 0.2 1 . 3 S-SL 9 47 31 1a3 3543 

% THK: 31 5.9 11 . 9 0.3 0. 1 2.5 SLir1 7 41 1423 10.7 



SITE ID: HAT01 LOCATION ID: 022 
GROUND WATER DEPTH: 50.0 <FT.) AVERAGE SOIL WEIGHT: 100.0 <PSF> 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.1 2.5 2.4 16.5 0. 1 0.0 0.8 S-SL* 5 39 30 58 1986 

2 2.5 5.4 2.9 4.5 0. 1 0. 1 1 . 7 SLIM 2 16 538 5.0 

3 5.4 7.5 2. 1 20.0 0.2 0.3 1 . 0 S-SL* 6 45 31 70 2405 

4 7.5 8.4 0.9 8.9 0.2 0.5 1. 8 SLIM 5 31 1064 4.8 

5 8.5 11 . 8 3.3 26.9 0.2 0.5 e.G S-SL* 8 47 31 94 3233 

6 11 . 8 13.2 1 . 4 43.6 0.2 0.6 0.6 SAND* 8 58 33 153 
Q 

7 13.3 15. 1 1 . 9 27.9 0.2 0.5 0.7 S-SL* 9 42 30 98 3352 
~ 

............ 

8 15.2 16. 1 0.9 45. a- 0.2 0.5 e.5 SAND* 9 54 32 158 

9 16. 1 17.2 1 . 1 30.2 0.3 0.6 1 . 0 S-SL* 10 41 30 106 3626 

10 17.3 18.7 1 . 4 44.7 0.4 0.7 0.8 SAND* 8 51 32 156 

% THK: 20 3.7 44.4 0.3 0.6 0.7 SAND 8 54 32 155 
% THK: 59 10.8 23.8 0.2 0.4 0.8 S-SL 7 43 31 83 2855 

% THK: 20 3.8 5.~ 0. 1 0.2 1 . 7 SLIM 2 19 662 5.0 

• • • 



• • • 
SITE ID: HAT01 LOCATION ID: 023 
GROUND WATER DEPTH: s0.0 (FT.) AVERAGE SOIL WEIGHT: 100.0 CPSF) 

AUG. AVG. UNO. 
. -DEPTH - AUG. AUG. PORE FRICT . SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN. OCR 

1 0.0 7.2 7.2 6.4 0.2 0.3 3. 1 SLIM 4 22 769 7.0 
2 7.2 8.2 1.0 16.6 0.3 0.s 1 . 6 S-SL 5 39 30 58 1987 
3 8.2 14. 1 5.8 6.6 0.2 0.7 2.5 SLIM 4 23 792 2.6 
4 14. 1 16.0 1 . 9 27.7 0.3 1. 0 1 . 2 S-SL* 9 41 30 97 3330 
5 16.0 23.6 7.6 4.5 0.2 2. 1 3.5 SLIM 2 16 537 0.9 

..._ 

% THK: 12 2.9 23.9 0.3 0.8 1 . 3 S-SL 7 40 30 83 2866 ~ ..._ 
% THK: 87 20.6 5.8 0.2 1 . 1 3. 1 SLIM 3 20 689 3.5 

, 



SITE ID: HAT01 
GROUND WATER DEPTH: 50.0 CFT.) 

LOCATION ID: 024 
AVERAGE SOIL WEIGHT: 100.0 CPSF) 

AUG. AUG. UNO. 
- DEPTH -. AUG. AUG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0. 1 2.2 2. 1 11 . 3 0.2 0.0 1 . 6 SLIM 7 40 1359 24.8 
2 2.3 24.7 22.4 4.5 0.2 0.s 4.3 SLIM 2 16 536 1 . 5 

% THK: . 100 24.5 5.1 0.2 0.5 4. 1 SLIM 2 18 606 3.5 
A 
~ 

, 

• • • 



• • •• 
~" .... ~ SITE ID: HAT01 LOCATION ID: 025 
GROUND WATER DEPTH: 50.0 (FT.) AVERAGE. SOIL i.J.IEIGHT: 100.0 (PSF) 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.1 1. 3 1. 2 18.7 0.2 -0.2 1 . 1 S-SL* 6 43 30 65 2245 

2 1. 3 3.0 1 0 6 7.7 0.2 -0.1 2. 1 SLIM 5 27 922 11 0 8 

3 3.a 4.1 1 . 1 2a.4 a.3 -a. 1 1 0 6 S-SL* 6 45 31 72 2454 

4 4.2 5.3 1 0 2 13.9 0.4 -a .1 2.8 SLIM 9 49 1666 1 a. 1 

5 5.4 6.8 1 . 4 9.5 a. 1 -a. 1 1 . 4 SLIM 6 33 1137 6.3 

6 6.8 1a.6 3.8 8.9 0.3 -a.a 3.0 SLIM 5 31 1a69 4.3 

7 1a.6 12.a 1 . 4 13.8 0.2 0.0 1 . 6 SLIM 9 48 1652 4.3 ~ 
~ 

8 12. 1 15. 1 3 0 1 1a.2 a.2 0. 1 2.3 SLIM 6 36 1223 2.7 '--

% THK: 15 2.3 19.5 0.2 -0.2 1 . 3 S-SL 5 43 31 68 2344 

% THK: 84 12.5 1a.2 0.2 -0.a 2.4 SLIM 6 35 1218 5.6 

, 



SITE ID: HAT01 LOCATION ID: 026 

GROUND WATER DEPTH: 50.0 (FT.) AVERAGE SOIL. WEIGHT: 100.0 CPSF) 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 e. 1 5.1 s.e 14.2 e. 1 -0.0 0.9 S-SL* 4 35 29 50 1703 

2 5. 1 6. 1 0.9 8.2 0.2 e.0 2.3 SLIM - 5 29 989 6.1 

3 6. 1 9.0 2.9 22.9 0.3 0.2 1 . 1 S-SL* 7 48 31 80 2753 

4 9.0 9.7 0.7 13.2 0.2 0.2 1 . 6 SLIM 8 46 1588 5.3 

% THK: 83 7.9 17.4 0.2 e. 1 1.0 S-SL 5 39 30 61 2088 ~ 
Q 

% THK: 16 1 . 6 10.4 0.2 a. 1 2.0 SLIM 6 36 1251 5.8 '-

, 

• • • 



• • • 
SITE ID: HATa1 LOCATION. ID: a2? 
GROUND WATER DEPTH: 5a.a (FT.> AVERAGE SOIL WEIGHT: 1aa.0 (PSF> 

AVG. AVG. UNO. 
- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 a .1 1.8 1.? 12.8 0.2 -a .1 1. 3 S-SL 4 33 29 45 1533 
2 1.8 6.5 4.? ? . 1 0.2 0.a 2.8 SLIM 4 25 856 6.8 
3 6.6 9.4 2.9 21.5 0.4 -0.a 1. 8 S-SL ? 46 31 ?5 25?9 
4 9.4 13.2 3.8 22.3 0.3 -a.0 1.3 S-SL* ? 4a 3a ?8 2680 
5 13.2 13.9 a.? 8.4 0.a -0.a 0.5 SLIM* 5 29 100? 2.3 \./) 
6 14.0 16. 1 2. 1 30.8 0.4 a.a 1 .2 S-SL* 10 43 31 108 3?00 
? 16. 1 16.8 a.? 14.0 0.5 a.2 3.6 SLIM 9 49 1680 2.? 

"\:) -....... 

8 16.8 1?.3 0.5 26.3 0.5 a.3 1. 8 S-SL 8 3? 29 92 3162 

% THK: 64 11 • 0 22.4 0.3 -a.a 1 . 4 S-SL ? 4a 31 ?8 2692 
% THK: 35 6. 1 8.0 0.2 a.0 2.6 SLIM 4 28 96? 5.8 

, 



SITE ID: HATe1 LOCATION ID: 028 
GROUND WATER DEPTH: 5e.e <FT.) AVERAGE SOIL WEIGHT: 1ee.e <PSF) 

AVG. AVG. UNO. 
- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 e. 1 3.e 2.9 13.4 e. 1 -e.2 e.G S-SL* 4 34 29 47 1Ge9 

2 3.e 3.7 e.? 8.8 e. 1 -e.2 1 . e SLIM* 5 31 1e52 9.4 

3 3.7 5.G 1. 9 1?.G e. 1 -0.2 e.5 S-SL* 5 41 3e G2 2115 

4 5.G 1e.G 5.0 4.9 0.0 -0. 1 e.2 SLIM* 3 17 593 3.e 

% THK: 45 4.8 15. 1 0. 1 -0.2 e.G S-SL 4 3G 3e 52 18e9 -...) 

% THK: 54 5.7 5.4 0.0 -0. 1 0.3 SLIM 3 18 G49 3.8 0 
'-

• 

I' 

• • • 



• • • 
SITE ID: HAT01 
GROUND WATER DEPTH: 50.0 <FT.) 

LOCATION ID: 029 
AVERAGE SOIL WEIGHT: 100.0 (PSF) 

AVG. AVG. UNO. 
- .DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0. 1 7.0 6.9 11 . 2 0.3 -0.1 2.6 SLIM 7 39 1342 10.7 

2 7. 1 10. 1 3. 1 3.2 0.3 0.3 8.2 SLIM 2 1 1 383 2.0 

~ THK: 100 10.0 8.7 0.3 e.0 4.3 SLIM 5 30 1044 8.0 

f'-

~ 

, 



SITE ID: HATa1 LOCATION ID: a3a 
GROUND WATER DEPTH: 5a.a CFT.) AVERAGE SOIL WEIGHT: 1aa.a CPSF> 

AVG. AVG. UNO. 
- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LV FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 a .1 1. a 1 .a 11.1 a.2 -a .1 1.4 SLIM ? 39 1329 41.3 
2 1 . 1 6.5 5.4 6.1 a .1 -a.a 2.1 SLIM 4 21 ?34 6.5 
3 6.6 8.5 1.9 18.6 a.3 -a.a 1.? S-SL 6 42 3a 65 2229 
4 8. 5 .12. 8 4.3 6.9 a.2 a.2 2.9 SLIM 4 24 828 2.8 

% THK: 15 1. 9 18.6 a.3 a.a 1.? S-SL 6 42 3a 65 2229 ba 

% THK: 84 1a.7 6.9 a .1 a. 1 2.4 SLIM 4 23 827 8.3 ~ 

, 

• • • 



• • • 
SITE ID: HAT01 LOCATION ID: 031 

GROUND WATER DEPTH: se.e <FT.) AVERAGE SOIL WEIGHT: 100.0 <PSF) 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 e .1 2.5 2.4 6.5 0.2 e.e 3.1 SLIM 4 23 ??5 15.2 

2 2.5 4. 1 1 . 6 18.9 0.3 -e.e 1 . ? S-SL 6 43 30 66 2269 

3 4.2 ?.2 3. 1 5.8 0.2 0.0 3.9 SLIM 3 20 ?01 4.6 

4 ?.3 8.5 1. 2 18.8 0.4 0. 1 2.0 SLIM 12 66 2252 8.5 

5 8.5 11 • 5 3. 1 8.6 0.2 0. 1 2.9 SLIM 5 30 1033 3.6 

6 11 • 6 12.8 1 • 2 15. 1 0.3 0.2 1 . 9 SLIM 10 53 1811 4.2 ~ 

? 12.8 13.9 1 • 1 6.? 0.3 0.2 3.8 SLIM 4 23 ?99 2.0 () 
............ 

8 14.0 14.? e.? 16.3 0.4 0.4 2.? SLIM 10 5? 1953 3.6 

9 14.? 15.8 1 . 1 12.2 0.4 0.4 3.6 SLIM 8 43 1469 2.? 

10 15.9 1?.5 1. 6 32.? 0.? 0.4 2.3 S-SL 10 43 30 115 3926 

1 1 1?.5 19.9 2.4 16.0 0.5 0.4 2.8 SLIM 10 56 1924 2.5 

12 19.9 21 .6 1. 6 9.2 0.2 0.5 1. 8 SLIM 6 32 110? 1. 5 

13 21.6 25.4 3.8 11 . 3 0.4 0.8 3.6 SLIM ? 39 1354 1 . 5 

14 25.4 26.8 1 . 4 12.1 0.3 1 . 4 2.8 SLIM 8 42 1451 1 • 3 
, 

15 26.9 2?.8 0.9 15.5 0.3 1.? 1 .8 S-SL 5 18 2? 54 1856 

16 2?.8 28.? 0.9 9. 1 0.3 2.0 2.9 SLIM 6 32 1094 1. e 

1? 28.8 30.4 1. 6 16.5 0.4 1 . 4 2.6 SLIM 10 58 19?8 1.4 

18 30.4 32.1 1. 6 10.? 0. 1 0.8 1. 3 SLIM ? 3? 1282 1. e 

% THK: 13 4. 1 23.5 0.5 0.5 2.0 S-SL ? 3? 30 . 82 2824 

% THK: 86 27.2 10.9 0.3 0.5 2.9 SLIM 6 38 ·1313 3.9 



SITE ID: HAT01 LOCATION ID: 032 
GROUND WATER DEPTH: 50.0 CFT.) AVERAGE SOIL WEIGHT: 100.0 <PSF) 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.2 2. 1 1 . 9 8.6 0.3 e.e 3.4 SLIM 5 30 1031 20.4 

2 2. 1 3.5 1 • 4 16.0 0.3 e.e 2.0 SLIM 10 56 1918 16.5 

3 3.6 6.9 3.3 10.2 0.4 -0.0 3.5 SLIM 6 36 1224 7.5 

4 6.9 12. 1 5.2 23.1 0.4 e.e 1 . 8 S-SL 7 44 31 81 2771 

5 12.2 14.5 2.4 22.1 0.6 e.e 2.7 SLIM 14 77 2647 4.9 

6 14.6 16.4 1 . 9 14.4 0.3 0.2 2.2 SLIM 9 50 1725 3.0 ~ 

7 16.5 23.1 6.7 36.6 0.7 0.2 2.0 S-SL* 12 43 30 128 4394 -..._ 
8 23.2 25.0 1 . 9 60.3 0.9 0.2 1 . 5 SAND* 12 54 32 211 

9 25.1 30.3 5.2 22.1 0.6 0.2 2.6 SLIM 14 77 2654 2.0 

10 30.3 40.3 10.0 11 . 9 0.3 0.8 2. 1 SLIM 7 42 1427 0.9 

~ THK: 4 1. 9 60.3 0.9 0.2 1 . 5 SAND 12 54 32 211 
~ THK: 29 11 . 9 30.7 0.6 a. 1 1. 9 S-SL 9 43 31 107 3684 

~ THK: 65 26.1 14 "8 0.4 0.4 2.5 SLIM 9 51 1777 4.7 

• • • 



• • • 
SITE ID: HAT01 LOCATION ID: 033 
GROUND WATER DEPTH: 50.0 <FT.) AVERAGE SOIL WEIGHT: 100.0 (PSF> 

AUG. AUG. UNO. 
- DEPTH - AUG. AUG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.1 1 • 1 1.0 10.5 0.2 -0.0 1. 9 SLIM 7 37 1262 38.9 
2 1 . 1 2.0 0.9 13.3 0.2 -0. 1 1 . 3 S-SL 4 34 29 47 1601 
3 2. 1 4.2 2. 1 19. 1 0.3 -0. 1 1 . 5 S-SL* 6 43 31 67 2296 
4 4.2 6.1 1. 9 10.4 0.3 -0. 1 2.4 SLIM 6 36 1245 7.7 
5 6. 1 1 1 . 1 5.0 25.9 0.3 -0.1 1 . 3 S-SL* 8 49 31 91 3105 ......_ 

6 11.2 12. 1 1. 0 48.7 0.5 -0. 1 1 . 1 SAND* 9 63 33 171 -
7 12. 1 12.6 0.5 41.2 0.7 -0.1 1 . 8 S-SL* 13 56 32 144 4944 

........... 

8 12.6 15.0 2.4 19.0 0.5 -a. 1 2.6 SLIM 12 67 2283 4.2 
9 15.0 17.6 2.6 37.8 0.5 -a.e 1 . 4 S-SL* 12 48 31 132 4536 

10 17.6 19.3 1. 6 56.9 0.6 -0.1 1 . 1 SAND* 1 1 58 33 199 
1 1 19.3 21.4 2. 1 44.9 0.7 -0.0 1. 6 S-SL* 14 48 31 157 5385 
12 21.5 25.3 3.8 20.6 0.5 -0.0 2.6 SLIM 13 72 2469 2.3 
13 25.3 26.2 0.9 46.0 0.7 0. 1 1 . 5 S-SL* 15 44 31 161 5519 
14 26.2 27.9 1. 6 22.p 0.5 0.0 2.2 S-SL 7 25 28 79 2714 

% THK: 9 2.6 53.7 0.6 -0. 1 1 . 1 SAND 10 59 33 188 
% THK: 57 15.7 30.1 0.4 -0.0 1 . 5 S-SL 9 44 31 105 3609 
% THK: 33 9. 1 16.9 0.4 -0.0 2.5 SLIM 10 59 2031 8.0 



SITE ID: HATe1 LOCATION ID: e34 
GROUND WATER DEPTH: 5e.e (FT.) AVERAGE ·soiL WEIGHT: 1ee.e (PSF) . 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 e .1 e.G e.5 11 . 2 e.3 -e.e 2.6 SLIM ? 39 1343 63.1 

2 e.G 5.8 5.2 19.9 e.3 -0.0 1 . 4 S-SL* 6 44 31 69 2383 

3 5.9 ? .1 1 . 2 16.4 e.4 -0.1 2.5 SLIM 10 5? 1969 9. 1 

4 ? .1 9.4 2.4 26.3 0.3 -0.1 1 . 2 S-SL* 8 51 32 92 3161 

5 9.5 10.7 1 . 2 36.5 0.3 -e. 1 0.9 S-SL* 12 5? 33 128 4385 ,.j 
6 1e.8 12.9 2. 1 34.4 e.4 -e. 1 1 . e S-SL* 1 1 52 32 121 4133 ...._ 

? 12.9 15.3 2.3 42.9 0.4 -0. 1 1.e SAND* 8 55 32 15e ....._ 

8 15.3 15.5 e.2 4e .1 e.3 -e. 1 e.8 SAND* 8 51 32 141 

9 15.5 22.9 ?.3 52.8 0.5 -0. 1 1 . e SAND* 10 55 32 185 
10 22.9 24.1 1 . 2 22.3 0.? -e. 1 3.3 SLIM 14 ?8 26?9 2.4 

11 24. 1 25.6 1 . 4 6e.e e.? -e.0 1 . 2 SAND* 1 1 53 32 210 

% THK: 44 11 . 2 51.4 e.5 -e .1 1 .e SAND 9 54 32 18e 
% THK: 43 10.9 25.9 0.3 -0. 1 1.2 S-SL 8 48 32 9e 3111 

% THK: 1 1 2.9 1?:9 0.5 -e .1 2.8 SLIM 1 1 62 2154 15.6 

• • • 



• • • 
SITE ID: HAT01 LOCATION ID: 035 
GROUND WATER DEPTH: 50.0 <FT.) AVERAGE SOIL WEIGHT: 100.0 <PSF> 

AVG. AVG. UNO. 
- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 a. 1 5.6 5.5 16.5 0.3 -a .1 1. 7 S-SL 5 39 3a 58 1985 

2 5.6 9.9 4.3 2?.a 0.4 -a .1 1 . 5 S-SL* 8 52 32 94 3237 
3 9.9 17.3 7.4 38.6 a.4 -a .1 1 • 1 S-SL* 12 52 32 135 4628 
4 17.4 23.7 6.4 55.4 a.6 -a .1 1 . 1 SAND* 1 1 55 32 194 
5 23.8 25.6 1.8 23.2 0.6 -a .1 2.4 S-SL 7 27 29 81 2778 
6 25.6 26.6 1. a 39.1 0.4 -a.e 1 • 1 S-SL* 13 39 3a 137 4693 
7 26.7 27.4 0.7 18.9 a.5 -a .1 2.6 SLIM 12 66 2263 1 . 8 IC\ -
8 27.4 28.5 1 • 1 16.4 0.3 -a.e 2. 1 SLIM 10 57 1971 1. 6 -

% THK: 22 6.4 55.4 0.6 -a .1 1 . 1 SAND 1 1 55 32 194 
% THK: ?a 20.0 28.7 a.4 -a .1 1 . 5 S-SL 8 45 31 1a0 3438 
% THK: 6 1 . 8 17.4 a.4 -a.0 2.3 SLIM 1a 60 2084 1.7 



SITE ID: HAT01 LOCATION ID: 036 

GROUND WATER DEPTH: 50.0 <FT.) AVERAGE.SOl;L WEIGHT: 100.0 <PSF) 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.1 2.3 2. 1 12.3 0. 1 -0.1 0.8 S-SL* 4 32 29 43 1477 

2 2.3 3.0 0.7 22.6 0.2 -0.1 0.7 S-SL* 7 48 31 79 2709 

3 3.0 3.7 0.7 10. 1 0.2 -0.1 2. 1 SLIM 6 35 1211 10.3 

4 3.7 4.7 0.9 17.2 0. 1 -0.1 0.8 S-SL* 5 40 3e 60 2064 

5 4.7 5.4 0.7 7.4 0. 1 -0.1 1. 9 SLIM 4 26 887 6.1 

6 5.4 6.8 1 . 4 30.7 0.3 -0.1 1. 0 S-SL* 10 58 33 107 3685 

7 6.9 7.4 0.6 14.8 0.3 -0.2 2.3 SLIM 9 52 1773 7.8 ~ 

8 7.4 8.6 1 • 2 21.7 0.2 -0.1 e.8 S-SL* 7 46 31 76 2598 ..::::. 

9 8.7 12.2 3.5 35.3 0.4 -0.1 1 . 1 S-SL* 1 1 55 32 124 4241 

10 12.2 13. 1 0.9 41.7 0.3 -0.1 e.? SAND* 8 56 32 146 

1 1 13.2 14.6 1 • 4 37.2 0.4 -0.2 1 . 0 S-SL* 12 51 32 130 4459 

12 14.6 18. 1 3.5 14.2 0.5 0. 1 3.5 SLIM 9 50 1?e5 2.7 

% THK: 5 0.9 41.7 0.3 -0. 1 e.? SAND 8 56 32 146 
% THK: 63 11 • 2 26 .'9 0.3 -0.1 0.9 S-SL 8 47 31 94 3233 

% THK: 31 5.5 12.9 0.4 0.0 3.0 SLIM 7 45 1545 4.7 

• • • 



• • • 
SITE 10: HAT01 LOCATION 10: 037 
GROUND WATER DEPTH: 50.0 <FT.) AVERAGE ·so~L WEIGHT: 100.0 <PSF) 

AVG. AUG. UNO. 
- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0. 1 2.0 1. 9 9.9 0.2 -0.0 1 . 9 SLIM 6 35 1183 24.1 
2 2.0 5. 1 3. 1 24.5 0.2 -0. 1 1 . 0 S-SL* 8 51 32 86 2940 
3 5.1 9.2 4.0 17.3 0.4 -0.1 2.4 SLIM 1 1 60 2073 8.6 
4 9.2 10.4 1 • 1 24.5 0.3 -0.1 1 • 2 S-SL* 8 45 31 86 2946 
5 10.4 11.6 1. 2 12.7 0.3 -0.0 2.6 SLIM 8 44 1519 4.2 
6 11 • 6 13.0 1.4 18.1 0.4 -0.0 2.0 S-SL 6 33 29 63 2177 \J') 
7 13.0 19.6 6.6 13.0 0.4 0.1 2.7 SLIM 8 46 1565 2.6 ::::::. 

% THK: 29 5.6 22.9 0.3 -0. 1 1 . 3 S-SL 7 45 31 80 2750 
% THK: 70 13.7 13.8 0.4 0.0 2.5 SLIM 8 48 1656 7.5 

, 



SITE 10: HATa1 LOCATION 10: a38 
GROUND WATER DEPTH: 5a.a CFT.) AVERAGE SOl~ WEIGHT: 1aa.a CPSF) 

AUG. AUG. UNO. 
- DEPTH - AUG. AUG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 a. 1 1 . a 1. a 11 . 9 a.2 -a.a 1 . 7 SLIM 7 42 143a 43.6 

2 1 . 1 3.a 1. 9 17.7 a.2 -a.a 1 . 2 S-SL* 5 41 3a 62 212a 
3 3. 1 5.6 2.6 13.8 a.4 -a. 1 2.5 SLIM 9 48 1659 1a.8 

4 5.7 7.6 1 . 9 19.2 a.3 -a. 1 1 . 5 S-SL* 6 43 31 67 23a2 

5 7.6 9.9 2.3 6.2 a.2 -a.a 3.2 SLIM 4 22 744 3.2 

% THK: 39 3.8 18.5 a.2 -a .1 1 . 4 S-SL 5 42 31 64 2211 ~ -
% THK: 6a 5.9 1a.5 a.3 -a.a 2.6 SLIM 6 36 1263 13.4 ...__ 

" 

• • • 



• • • 
SITE 10: HAT01 LOCATION 10: 039 
GROUND WATER DEPTH: 50.0 <FT.) AVERAGE SOIL WEIGHT: 100.0 CPSF) 

AVG. AVG. UNO. 
- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.2 2.8 2.6 16.4 0.2 -0.0 1. 3 S-SL* 5 39 30 57 1967 
2 2.8 4.2 1 . 4 9.2 0.3 -0.1 3.1 SLIM 6 32 1103 9.3 
3 4.3 5.0 0.7 22.7 0.4 -0.1 1. 6 S-SL* 7 48 31 79 2725 
4 5.0 5.9 0.9 8.5 0.2 -0.1 2.9 SLIM 5 30 1015 6.3 
5 5.9 6.4 0.4 26.1 0.4 -0.0 1 .4 S-SL* 8 53 32 92 3138 
6 6.4 8.0 1. 6 9.9 0.3 -0.1 2.6 SLIM 6 35 1183 5.7 

t"-
7 8. 1 16.4 8.3 3.7 e. 1 0.0 3.5 SLIM 2 13 442 1. 5 .::::::: 

% THK: 23 3.7 18.6 0.3 -0.0 1 . 4 S-SL 5 42 31 64 2236 
% THK: 76 12.2 5.5 0.2 -e.e 3.3 SLIM 3 19 657 3.3 

, 



SITE 10: HAT01 LOCATION 10: 040 
. -

GROUND WATER DEPTH: 50.0 <FT.) AVERAGE SOl~ WEIGHT: 100.0 <PSF) 

AVG. AVG. UNO. 
- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0. 1 1. 3 1 . 2 15.0 0 ~ 1 -0.1 0.6 S-SL* 4 37 29 52 1797 
2 1 . 3 2.5 1 . 1 14. 1 0.2 -0.2 1.4 S-SL 4 35 29 49 1689 
3 2.5 3.4 0.9 45.4 a.4 -a.2 a.9 SAND* 9 71 35 159 
4 3.5 4.2 0.7 15. 1 a.3 -a.2 2.2 SLIM 10 53 1816 12.7 
5 4.2 5. 1 a.9 27.2 a.4 -a.2 1. 5 S-SL* 9 54 32 95 3264 
6 5. 1 8.2 3. 1 9.1 a.2 -a. 1 2.6 SLIM 6 32 1a93 5.7 ~ 
7 8.3 9.9 1. 6 18.8 a.s -a .1 2.6 SLIM 12 66 2252 7.1 ~ 
8 9.9 11 • 3 1 . 4 1 a. 1 - a.2 -a .1 1.6 SLIM 6 35 1217 3.7 
9 11 . 3 13.3 1. 9 12.6 a.3 -a. 1 2.4 SLIM 8 44 15a7 3.6 

1a 13.3 13.7 0.4 27.2 a.3 -a.a 1.1 S-SL* 9 42 30 95 3261 
1 1 13.7 14.7 a.9 1a.s a.2 -0.a 1.7 SLIM 6 37 126a 2.6 

% THK: 6 0.9 45.4 a.4 -0.2 a.9 SAND 9 ?1 35 159 
% THK: 25 3.6 19.1 a.2 -a. 1 1 . 1 S-SL 5 41 3a 66 2293 
% THK: 68 9 .. 6 12. 1' a.3 -a. 1 2.3 SLIM 7 42 1454 5.4 

• • • 



• • • 
PIEZOCONE SOUNDING TEST 

SlTE lD: HAT01 LOCAT IOti ID: 001 
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PIEZOCONE SOUNDING TEST 
SlTE IO: HAT01 LOCATIOti IO: 002 

POINT STRESS (KG/CM2)~1e PORE PRESSURE (KG/CNF) rRICTION RATIO (~) A FACTOR (~)~1e 
a B 1 2 3 4 5 6 ? R Q1B9 1 2 3 4 5B 1 2 3 4 5 6 ? 8 9100 1 2 3 4 5 6 ? 8 910 
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• • • 
PIEZOCONE SOUNDING TEST 

SITE ID: HAT01 
LOCATIOH ID: 003 

POINT STRESS (kG/CM2)t18 PORE PRESSURE (KG/CtF) ;· rRICTION RATIO (fi) A FACTUR (•)t18 
e B 1 2 3 ~ 5 S 7 R Q1B9 1 2 3 4 5B 1 2 3 4 5 6 7 8 9tBB t 2 3 4 5 6 7 8 919 .. 
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PIEZOCONE SOUNDING TEST 
SITE ID: HAT01 LOCATION ID: 004 

POINT STRESS 0(G/CM2)~tHJ PORE PRESSURE (KG"CtF) rRICTION RATIO PO A FACTUR (~)lt1fJ 
e B 1 2 3 4 5 6 ? R 91Be 1 2 3 4 5B 1 2 3 4 5 6 7 8 9199 1 2 3 4 5 6 7 8 919 
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PIEZOCONE SOUNDING TEST 

SlTE 10: HAT01 
LOCATION ID: 005 

POINT STRESS ( KG/CM2) t Ht PORE PRESSURE (KG/ C tF) FR lC T ION RATIO (tl) A FAClUR ( ~ ) t1 8 
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PIEZOCONE SOUNDING TEST 

SlTE 10: HAT01 

POINT STRESS <KG"'CM2) "1 ~ PORE PRESSURE <KG/CtF) 
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PIEZOCONE SOUNDING TEST 

SITE 10: HAT01 LOCATION ID: 00? 

POINT STRESS (t(G/CM2)tHJ PORE PRESSURE (KG/CtF) rRICTION RATIO (t;) A FACTUR (~)-18 
e B 1 2 3 4 5 6 ? R 91B9 1 2 3 4 5B 1 2 3 4 5 6 ? 8 9tBB t 2 3 4 5 6 ? 8 9tB 
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PIEZOCONE SOUNDING TEST 
SlTE 10: HAT01 

POINT STRESS <KG/CM2) t1 8 PORE PRESSURE <KG/CtF) 
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PIEZOCONE SOUNDING TEST 

SITE ID: HAT01 

PO INT STRESS OCG/CM2) •1 fJ PORE PRESSURE (KG/ C tF ) rR lC T ION. RATIO PO 
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PIEZOCONE SOUNDING TEST 
SITE lD: HAT01 

POINT STRESS (KG/CM2)•Ht PORE PRESSURE (KG/CtF) ·· rRICTION RATIO (t;) 
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PIEZOCONE SOUNDING TEST 

SlTE 10: HAT01 LOCATION ID: 011 
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PIEZOCONE SOUNDING TEST 
SITE 10: HAT91 LOCATION ID: 012 

POINT SmESS (KG/CM2).1fJ PORE PRESSURE (KG/CtF) rRICTION RATIO (,.) A FACTOR (~)•1fJ 
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PIEZOCONE SOUNDING TEST 
SITE 10: HAT91 LOCATIOtl IO: 0t 4 

POINT STRESS OCG/CM2)t18 PORE PRESSURE (KG/CtF) rRICTION RATIO (t;) A FACTUR (~)t18 
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PIEZOCONE SOUNDING TEST. 

SITE ID: HAT01 

POINT STRESS (KG/CM2)•1" PORE PRESSURE (KG/CtF) F"RICTION RATIO (t;) 
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SITE 10: HAT91 
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PIEZOCONE SOU~DING TEST 

SITE 10: HAT01 LOCATION IO: 017 
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PIEZOCONE SOUNDING TEST 

SITE 10: HAT01 
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PIEZOCONE SOUNDING TEST 

SITE ID: HAT01 LOCATION ID: 019 
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PIEZOCONE SOUNDING TEST 
SlTE lD: HAT91 

POINT STRESS (KG/CM2)•18 PORE PRESSURE (KG/C~) 
0 1 3 4 

rRlCTION RATIO (~) 
4 

tS 

, 

25 

39 

35 

46 • 

LOCATION ID: 020 

A FACTOR (~)-18 
4 

• 



• • • 
PIEZOCONE SOUNDING TEST 

SlTE 10: H~T01 
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PIEZOCONE SOUNDING TEST 
SITE 10: HAT91 LOCATION ID: 022 

POINT STRESS (KG/CMF>•18 PORE P~ESSURE (KG/CMF> rRICTION RATIO (~) A FACTOR (~)-18 
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PIEZOCONE SOUNDING TEST 

SITE 10: H~T01 LOCATION ID: 023 
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PIEZOCONE SO_UNDING TEST 
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PIEZOCONE SOUNDING TEST 

SlTE lD1 HAT01 LOCATIOtf ID: 025 

POINT STRESS (KG/CM2)•18 PORE PRESSURE (KG/CMF) rRlCTION RATIO (~) A FACTOR (~)-18 
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PIEZOCONE SOUNDING TEST 

SlTE 10: H~T91 
LOCATION IDa 026 
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PIEZOCONE SOUNDING TEST 

SITE 10: H~T01 
LOCATIOH ID1 027 
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PIEZOCONE SOUNDING TEST 
SlTE 10: HAT01 LOCATIOtf ID: 028 

POINT STRESS (I(G/CM2)ll18 PORE PRESSURE (KG/CtF) rRlCTION RATIO (I;) A FACTUR (~)ll18 
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PIEZOCONE SOUNDING TEST 

SITE 10: HAT01 
LOCATION ID1 029 
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PIEZOCONE SOUNDING TEST • 

SITE 10: HAT01 
LOCATIOti ID: 030 

POINT S'mESS (KG/CM2)tHI PORE PRESSURE <KG/CtF) rRICTION RATIO PO A FACTUR (~)t18 
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Table 06.1 Geochemtca1 ani1Jses of Colorado State UntversttJ bortngs 

Constttuentb 
SaiiiPle Electrtcal CaCOf 

lortng depth pH conducthttJ so. Fe ~a ~ Na ~1 Al ~ As ~e equha ent 

lumber I (feet) (mhos/centtmeter) (percent) 

MH-200 2.5 8.1 1.8 3650 158 2660 782 323 130 812 252 4 3 10.4 

MH-200 3.0 8.0 1.8 3140 130 2500 SOl 118 60 118 224 4 2 21.8 

MH-200 3.5 8.1 2.0 4240 128 4260 473 161 60 675 183 4 4 19.3 

MH-200 4.0 8.0 1.9 3870 110 3380 378 69 <20 781 159 4 4 21.8 

MH-200 4.8 8.2 0.2 200 118 222 29 30 272 288 390 3 5 36.0 

MH-200 6.0 8.6 0.1 111 84 131 21 " <20 363 296 2 4 11.5 

MH-200 10.0 8.6 0.2 270 115 211 53 41 <20 336 191 3 4 36.0 

MH-200 15.0 8.ri 0.1 &1 106 114 30 49 <20 348 138 3 4 49.8 

MH-200 19.0 8.5 0.1 134 82 155 35 29 <20 248 224 2 3 18.7 

MH-205 5.5 8.5 0.2 113 112 167 65 35 <20 278 222 3 5 41.0 

MH-205 6.0 8.3 0.8 1&0 215 1460 186 50 <20 325 610 2 3 29.6 

MH-205 J.O 8.5 0.2 190 144 149 55 81 <20 306 228 3 2 36.4 

MH-205 10.0 7.9 1.7 3050 96 2110 541 268 <20 931 194 2 <1 18.0 

MH-205 12.5 8.1 0.2 300 78 105 60 29 30 609 89 1 1 11.5 -MH-205 11.0 8.4 0.1 150 61 131 44 35 20 276 237 1 <1 12.8 

MH-205 22.0 8.3 0.2 110 38 53 23 300 30 611 45 1 3 6.1 

MH-205 25.5 8.6 0.1 155 87 130 37 36 20 217 193 13 <1 18.4 

MH-208 27.0 6.4 2.0 5070 430 5470 117 " <20 549 72 13 <1 0.84 

MH-208 27.5 8.0 0.2 348 304 340 47 22 <20 253 211 4 6 34.4 

MH-208 30.2 8.5 0.1 90 130 131 26 24 <20 263 231 4 6 32.0 

MH-208 36.0 8.4 0.1 89 93 1Ht 32 31 <20 260 208 2 3 31.4 

MH-208 38.0 8.1 0.2 370 14 289 91 72 <20 845 128 2 <1 9.8 

MH-208 43.0 8.6 0.1 67 119 111 32 35 <20 342 202 2 2 29.8 

MH-208 49.0 8.1 ~ 0.2 120 52 124 47 98 <20 611 103 3 <1 18.0 

•aortng numbers currentlJ do not have DOE tdenttftcatton numbers; CSU bortng numbers represent Ill rock core SIIIIPles. 
bAnalysts done bJ solute extractton; values are expressed tn mt11tgrams per gram of drJ sotl; S04 - sulfate; Fe - tron; 

Ca -,calctum; Mg- magnestum; As - arsentc; Se- selentum. 



SITE ID: HAT01 LOCATION ID: 001 
GROUND WATER DEPTH: 5e.e CFT.) AVERAGE SOIL WEIGHT: 100.0 (PSF) 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 e. 1 1. 3 1. 2 16.4 0.2 e.e 1 .0 S-SL* 5 39 30 57 1965 

2 1 . 3 4. 1 2.8 7.3 e. 1 e. 1 1.4 SLIM 4 25 870 9.6 

3 4.2 8.0 3.8 22.6 0.3 e. 1 1.1 S-SL* 7 48 31 79 2709 

4 8.0 1 e. 1 2. 1 14.2 0.4 0.2 2.6 SLIM 9 50 1709 5.8 

5 1 e. 1 1 1 . 1 1. e 24.5 0.3 0.2 1.4 S-SL* 8 44 31 86 2937 

6 1 1 . 1 12.5 1.4 14.3 0.4 0.2 2.7 SLIM 9 50 1718 4.2 

7 12.5 13.7 1. 2 25.7 0.4 0.4 1.5 S-SL* 8 41 30 90 3086 ~ 
8 13.8 18.5 4.8 13.2 0.4 1 . 1 2.8 SLIM 8 46 1585 2.6 

9 18.6 23.3 4.7 30.6 0.6 0.5 1.9 S-SL* 10 37 29 107 3671 

10 23.3 25.2 1. 9 18.0 0.6 1 . 4 3.2 SLIM 12 63 2164 2.0 

1 1 25.3 28.3 3. 1 6.2 0.1 2.7 2.1 SLIM 4 22 742 0.8 

12 28.3 30.7 2.3 21.8 0.5 1 . 0 2.2 SLIM 14 76 2615 1 . 8 

13 30.7 33.8 3.1 11 . 8 0.4 6.6 3.3 SLIM 7 41 1414 1 . 0 

, 
% THK: 35 11 ·. 9 25.6 0.4 0.3 1 . 5 S-SL 8 41 30 89 3071 

% THK: 64 21.5 12.7 0.3 1 . 9 2.5 SLIM 7 44 1527 3.3 

• • • 
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SITE ID: HAT01 LOCATION ID: 002 

GROUND WATER DEPTH: 50.0 (FT.) AVERAGE SOIL WEIGHT: 100.0 (PSF) . 
AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.1 0.8 0.7 48.0 0.3 -0. 1 0.7 SAND* 9 72 35 168 

2 0.8 9.8 9. 1 23.7 0.2 0.0 0.8 S-SL* 7 49 31 83 2845 

3 9.9 13.2 3.3 13.4 0.4 1 . 6 2.7 SLIM 8 47 1611 4.1 

4 13.2 17.0 3.8 30.4 0.4 0.5 1 . 2 S-SL* 10 43 30 106 3647 

5 17. 1 18.6 1. 6 43.1 0.3 e. 1 0.8 SAND* 8 50 31 151 

6 18.7 19.6 0.9 22.2 0.4 0.2 1 . 9 S-SL 7 30 29 78 2662 

7 19.6 21.0 1 . 4 56.3 0.5 0.3 1 . 0 SAND* 1 1 55 32 197 
\;; 

% THK: 17 3.7 49.0 0.4 e. 1 0.9 SAND 9 56 32 171 ""'--:.. 

% THK: 66 13.8 25.4 0.3 0.2 1 . e S-SL 7 46 31 89 3053 

% THK: 15 3.3 13.4 0.4 1 . 6 2.7 SLIM 8 46 1611 4. 1 

, 



SITE ID: HATe1 LOCATION ID: ee3 
GROUND WATER DEPTH: 5e.e <FT.) AVERAGE SOIL WEIGHT: 1ee.e (PSF) 

' 

AVG. AVG. UNO. 
- DEPTH - AVG. AVG. PORE FRICT. · SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 e .1 1 • 2 1 . 1 6.7 e.e -e.e e.6 SLIM* 4 23 8ee 25.6 
2 1. 2 14.8 13.5 24.9 0.2 e. 1 1. e S-SL* 8 48 31 87 2985 
3 14.8 18. 1 3.3 8.8 e.3 e.3 3.4 SLIM 5 31 1e5? 1. 9 
4 18.2 2e .1 1. 9 2?.5 e.4 e.4 1 . 4 S-SL* 9 36 29 96 33e2 
5 2e .1 21.e e.9 52.8 e.4 e.2 e.? SAND* 1e 53 32 185 
6 21 . 1 23.9 2.8 27.4 e.4 e.2 1 . 5 S-SL* 9 33 29 96 3287 
7 23.9 25.8 1. 9 4.8 e.2 e.4 4.e SLIM 3 17 574 e.? ~ .n 

% THK: 3 e.9 52.8 e.4 e.2 e.? SAND 1e 52 32 185 -
% THK: 71 18.2 25.6 e.3 e. 1 1 . 1 S-SL 8 44 31 89 3e64 
% THK: 24 6.3 ?.2 e.2 e.3 3. 1 SLIM 4 25 866 5.7 

• • • 
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SITE ID: HAT01 LOCATION ID: 004 
GROUND WATER DEPTH: 50.0 CFT.) AVERAGE SOIL WEIGHT: 100.0 CPSF) . 

AVG. AVG. UNO. 
- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0. 1 2.5 2.4 17.3 0. 1 -0.0 0.6 S-SL* 5 41 30 61 2076 
2 2.5 10.8 8.3 7.6 0.2 0.0 2.5 SLIM 5 27 917 4.9 

3 10.9 14.9 4.0 21.7 0.4 0.3 1 . 7 S-SL 7 37 29 76 2598 
4 14.9 17.7 2.8 8.4 0.3 0.6 3.5 SLIM 5 29 1007 1 . 9 

5 17.8 19.2 1 . 4 40.7 0.6 1 . 2 1 . 4 S-SL* 13 47 31 142 4882 

% THK: 41 7.8 23.8 0.3 0.4 1 . 3 S-SL 7 40 30 83 2847 ~ 
% THK: 58 1 1 . 1 7.8 0.2 0.2 2.8 SLIM 5 27 939 4. 1 .....__ 

, 



SITE ID: HAT01 LOCATION ID: 005 

GROUND WATER DEPTH: 50.0 (FT.) AVERAGE SOIL WEIGHT: 100.0 (PSF) 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.1 2.7 2.6 13.8 0. 1 -0.0 0.6 S-SL* 4 35 29 48 1661 

2 2.8 19.7 16.9 6.0 0.2 0. 1 3.9 SLIM 3 21 718 2.5 

% THK: 13 2.6 13.8 0. 1 0.0 0.6 S-SL 4 35 29 48 1660 

% THK: 86 16.9 6.0 0.2 0. 1 3.9 SLIM 3 21 718 2.5 

~ 

, 
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PIEZOCONE SOUNDING TEST 

SlTE 101 H~T91 LOCATION ID: 031 

POINT STRESS <KG/CM2)t18 PORE PRESSURE <KG/CMF) rRlCTION RATIO (~) A FACTOR (~)t18 
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PIEZOCONE SOUNDING TEST 
SlTE 10: HAT01 LOCATION ID: 032 

POINT STRESS (t(G/CM2Jt1fl PORE PRESSURE (KG/CtFJ F"RlCTION RATIO (t;) A FACltJR (XJtHJ 
e e 1 2 3 4 5 6 ? R 9198 1 2 3 4 59 1 2 3 4 5 6 ? 8 9tBB t 2 3 4 5 6 ? 8 919 
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PIEZOCONE SOUNDING TEST 

SlTE lD: H~T01 LOCATION ID: 033 

POINT STRESS (KG/CM2)~18 PORE PRESSURE (KG/CNF) rRlCTION RATIO (~) A FACTOR (~)~18 e e 1 2 3 4 5 6 ? R 91B9 1 2 3 4 5B 1 2 3 4 5 6 7 8 9199 t 2 3 4 5 6 7 8 919 
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PIEZOCONE SOUNDING TEST 

SITE ID: HAT91 LOCATION ID: 034 

POINT STRESS OCG/CM2)•18 PORE PRESSURE (KG/CtF) rRICTION RATIO (t;) A FACTUR (~)-18 
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PIEZOCONE SOUNDING TEST 

SITE lD: H~T91 LOCATION ID: 035 

POINT STRESS (KG/CM2)tHt PORE PRESSURE (KG/CrF) rRICTION RATIO (t;) A FACTUR (~)tHJ 
O B 1 2 3 ~ 5 6 ? R 91B9 1 2 3 4 5B 1 2 3 4 5 6 ? 8 91BB 1 2 3 4 5 6 ? 8 919 
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PIEZOCONE SOUNDING TEST 
SITE 10: H~T01 LOCATIOtt IO: 036 

POINT STRESS <KG/CM2)•1e PORE PRESSURE (KG/CtF) FRICTION RATIO PI) A FAClUR (~)-18 
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PIEZOCONE SOUNDING TEST 

SITE ID: HAnl1 LOCATION ID: 03? 

POINT STRESS (KG/CM2)•1e PORE PRESSURE (KG/CMF) rRICTION RATIO (~) A FACTOR (~)•1e 
e B 1 2 3 4 5 6 ? 8 9199 1 2 3 4 59 1 2 3 4 5 6 ? 8 9tBB 1 2 3 4 5 6 ? 8 9tB 
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PIEZOCONE SOUNDING TEST 
SITE 10: HAT01 LOCATION ID: 038 

POINT STRESS (KG/CM2) •HI PORE PRESSURE (KG/CtF) rRICTION RATIO ( J;) A FACTUR (~) • HI 
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PIEZOCONE SOUNDING TEST 

SITE ID: Hf:4T01 LOCATION ID: 039 

POINT STRESS (kG/CM2)lC18 PORE PRESSURE (KG/CtF) F"RICTION RATIO (t;) A FAClUR (~)lC18 
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PIEZOCONE SOUNDING TEST 
SITE lD: HAT01 LOCATION ID: 040 

POINT STRESS (t(G/CM2) 1118 PORE PRESSURE CKG/CtF) rRlCTION RATIO (!;) A FACTOR (~) 1118 
e B 1 2 3 4 5 6 ? R 91B9 1 2 3 4 5B 1 2 3 4 5 S ? 8 9199 1 2 3 4 5 6 ? 8 91B 
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• • • 
SITE ID: HATa1 LOCATION ID: aa4 
GROUND WATER DEPTH: sa.a CFT.) AVERAGE SOIL WEIGHT: 1aa.a CPSF) 

AVG. AVG. UNO. 

- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. -RATIO CLASS BC DEN FA ELAS. STREN ·OCR 

1 a .1 2.5 2.4 17.3 a .1 -a.a a.6 S-SL* 5 41 3a 61 2a76 

2 2.5 1a.8 8.3 7.6 0.2 a.a 2.5 SLIM 5 27 917 4.9 

3 1a.9 14.9 4.a 21.7 0.4 a.3 1 . 7 S-SL 7 37 29 76 2598 

4 14.9 17.7 2.8 8.4 a.3 a.6 3.5 SLIM 5 29 1aa7 1. 9 

~ 17.8 19.2 1. 4 40.7 0.6 1 . 2 1 . 4 S-SL* 13 47 31 142 4882 

% THK: 41 7.8 23.8 0.3 0.4 1 . 3 S-SL 7 40 30 83 2847 

% THK: 58 1 1 . 1 7.8 0.2 0.2 2.8 SLIM 5 27 939 4.1 
\JI 
~ 

.............. 

'"'•l'. , ___ . ~ 
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SITE ID: HAT01 
LOCATION ID: 005 

GROUND WATER DEPTH: 50.0 (FT.) AVERAGE SOIL WEIGHT: 100.0 (PSF) . 

AVG. AVG. UNO. 

.... DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0. 1 2.7 2.6 13.8 0. 1 -0.0 0.6 S-SL* 4 35 29 48 1661 

2 2.8 19.7 16.9 6.0 0.2 0. 1 3.9 SLIM 3 21 718 2.5 

~ THK: 13 2.6 13.8 0.1 0.0 0.6 S-SL 4 35 29 48 1660 

~ THK: 86 16.9 6.0 0.2 0. 1 3.9 SLIM 3 21 718 2.5 

, 
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Radon mon1tor1ng was performed at the Mex1can Hat s1te from 08/27/85 
unt11 09/22/86 1n four separate quarterly per1ods: 08/27/85 to 11/21/85; 
11/21/85 to 02/28/86; 02/28/86 to 06/06/86; and 06/06/86 to 09/22/86. N1ne
teen mon1tor1ng 1ocat1ons were establ1shed from the edge of the Mex1can Hat 
s1te to 2500 meters away. Each mon1tor1ng 1ocat1on housed two to f1ve f11m 
radon detectors. Mult1p1e detectors were placed at each locat1on to determ1ne 
an average Rn-220 concentrat1on and to avo1d loss of data from a s1ngle 
damaged detector. The mon1tor1ng locat1ons are 1llustrated 1n F1gure 07.1. 
The mean radon concentrat1on at each locat1on for each quarterly per1od 1s 
g1ven 1n Table 07.1. 

Table 07.1 Background Ra-222 concentrat1ons, Mex1can Hat s1te, Utah 

Concentrat1on for the per1od (1n pC1/l) 

Locat1on 08127/85 to 11121/85 to 02/28/86 to 06/06/86 to 
number 11121/85 02/28/86 06/06/86 09/22/86 

1 5.9 12 6.6 
2 6.3 9.4 
3 12 15 9.5 
4 3.1 4.7 2.9 
5 0.57 0.73 0.56 
6 4.0 6.7 4.7 
1 0.57 0.91 0. 51 1.3 
8 0.97 2.1 1.5 
9 0.44 0.74 0.36 0. 61 

10 0.67 1.2 0.64 0.86 
11 0.60 0.77 0.57 1.3 
12 0.39 0.65 0. 31 
13 _a 0.47 0.27 0.48 
14 0.64 0.40 
15 0.84 1.3 0.76 1. 2 
16 0.45 0.98 
11 1 . 1 2.0 ... 0.97 
19 0.20 0.37 0.30 0.36 
20 0.62 0.94 0.48 0.51 

Mean of n1ne 
background 
locat1ons 0.50 0.78 . 0.42 0.74 

Mean of four on 
s1te 1ocat1ons 6.8 10.3 6.3 

alnd1cates e1ther damaged or stolen detector . 
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FIGURE 07.1 
RADON MONITORING LOCATIONS 

MEXICAN HAT, UTAH 
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Locations 1, 2, 3, and 4 are on the Mex1can Hat uran1um m111 ta111ngs 
s1te and may be used . to determ1ne the on-s1te radon concentrat1on. The 
average radon concentrat1on for the four s1tes ranged from 6.3 to 10.3 pC1/l 
for the four quarterly per1ods. Locat1ons 5, 6, 8, 10, 11, and 17 are not on 
the s1te and are too close to the s1te to be cons1dered background locat1ons. 
Mon1tor1ng locat1ons 7, 9, 12, 13, 14, 15, 16, 19, and 20 are 1500 meters or 
more from the s1te and may be cons1dered background 1ocat1ons. The average 
background radon concentrat1on over the n1ne background locat1ons was 0.50 
pC1/l for the per1od 08/27/85 to 11/21/85; 0.78 pC1/l for 11/21/85 to 
02/28/86; 0.42 pC1/l for 02/28/86 to 06/06/86; and 0.74 pC1/l for 06/06/86 to 
09/22/86. The background radon concentrat1on 1n a1r shows a small seasonal 
var1at1on w1th a range of 0.42 to 0.78 pC1/l. 

Background gamma measurements were performed at four locat1ons 1n the 
v1c,n1ty of the Mex1can Hat s1te us1ng a pressur1zed 1on1zat1on chamber. Two 
measurements were performed at each locat1on, g1v1ng an average gamma exposure 
rate of 11.6 lJR/hr for the e1ght measurements. The locat1 ons of the back
ground measurements were from 0.5 to f1ve m1les from the ta111ngs s1te and are 
beyond the 1 nf 1 uence of the s 1 te. Gamma exposure rate 1 s 1 ndependent of the 
frequency and t1me of measurement for background measurements. 

The arroyos extend1ng beyond the 5 pC1/g w1ndblown contam1nat1on 11mH 
are 11lustrated 1n Plate 1, Rad1olog1cal Contam1nat1on 01str1but1on Map. The 
contam1nat1on mater1a1 was character1zed us1ng delta measurements and the data 
are summar1zed 1n Table 01.2 ·of Addendum 01. These data 1nd1cate that con
tam1nat1on may ex1st up to 2500 feet along the length of the four arroyos 
outs1de of the 5 pC1/g w1ndblown boundary. Assum1ng a 100-foot w1dth and a 
s1x-1nch depth of contam1nated mater1al 1n the arroyos g1ves a volume est1mate 
of 5500 cy. The average Ra-226 concentrat1on 1s 10.4 pC1/g. Th1s small 
volume of contam1nated mater1al w1ll have a negl1g1ble 1mpact on the f1nal 
p1le des1gn. 

Further character1zat1on by the RAC w1ll be necessary 1n the arroyos to 
determ1ne the exact volume of contam1nated mater1als s1nce the contam1nat1on 
1s largely assoc1ated w1th sandbars and probably does not cover the ent1re 
length and w1dth of the arroyos. Zero- to s1x-1nch so11 samples may 
adequately character1ze the mater1als 1n the arroyos north and east of the 
s1te. The arroyo at the northeast corner of the s1te w111 be character1zed 
further downstream than 1s 1nd1cated on Plate 1 to a length of 1600 feet from 
the w1ndblown border. Th1s character1zat1on w1H be performed by the RAC 
dur1ng remed1al act1on . 
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E.1 SUMMARY 

The performance of the Mexican Hat disposal cell will comply with the site
specific groundwater protection standards in 40 CFR 192.02(a)(3) as determined 
from an assessment of criteria established by the U.S. Nuclear Regulatory 
Commission (NRC) (NRC, 1988), which include an assessment of the hydrogeologic 
characteristics of the site, a design analysis of the disposal unit, and a 
performance assessment of the disposal site. The disposal cell will meet the 
concentration 1 imi ts defined as the proposed U.S. En vi ronmenta 1 Protection Agency 
(EPA) maximum concentration limits (MCL) or background water quality, whichever 
is higher, in the Honaker Trail Formation (the uppermost aquifer) at the point 
of compliance (POC). Seepage of tailings fluids into the Honaker Trail Formation 
is precluded by the strong upward hydraulic gradient between the Honaker Trail 
Formation and the Halgaito Shale Formation and the decrease in hydraulic 
conductivity with depth in the Halgaito Shale Formation in the area of the 
disposal cell. This upward hydraulic gradient is artesian in the vicinity of the 
tailings disposal cell. Because of the advantageous hydrogeologic setting, the 
remedial action will comply with the proposed EPA groundwater protection 
standards. In addition, the transient drainage of water added to suppress dust 
and compact re 1 ocated tailings, and tailings drainage that occurs prior to 
equilibration with the infiltration rate through the cover, will not cause the 
proposed EPA groundwater protection standards to be exceeded because of the 
advantageous hydrogeologic setting. 

Several components of the cover design will provide additional conservatism 
for compliance with the proposed EPA groundwater protection standards. The 
proposed cover design is a three-component cover system that consists of a 
radon/infiltration barrier composed of highly compacted bentonite-amended soil, 
a bedding (filter) layer of sand, and a rock erosion layer. The combination of 
the filter layer and low-hydraulic conductivity radon/infiltration barrier will 
restrict infiltration through the tailings. 

A hydrogeologic characterization of the Mexican Hat site is presented in 
Appendix D, Site Characterization. Further development of the water resources 
protection strategy is included in this appendix. 

The combination of a 1 ow cover flux and arid climate wi 11 reduce the 
discharge of tailings fluids that created the perched water and the area of 
saturation within the Halgaito Shale Formation. The volume of water expelled 
from the cell due to transient drainage, consolidation, and construction water 
is minimal and is not expected to affect the design of the cell. Approximately 
8600 acre-feet of water were used to slurry the tailings during mill operations. 
After operations had stopped, both the upper and lower piles continued to pond 
water periodically from precipitation and surface runoff; this would add to the 
amount of water that could infiltrate into the bedrock. 
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E.2 DISPOSAL SITE FEATURES THAT PROTECT WATER RESOURCES 

The Mexican Hat disposal site lies within a geomorphically stable area of 
the Navajo Uplands section of the Colorado Plateau physiographic province (DOE, 
1987). The lower pile at Mexican Hat will be left in place; the upper pile at 
Mexican Hat and contaminated materials from the Monument Valley site have been 
re 1 ocated and con so 1 i dated onto the 1 ower pi 1 e. The base of the 1 ower pi 1 e 
varies in elevation from 4240 feet to approximately 4300 feet, and overlies thin 
alluvial materials in pre-existing arroyos that were cut into sandstone bedrock. 
A diagrammatic cross section of the proposed disposal cell is shown in Figure 
E.2.1. 

In terms of groundwater protection and 1 ong-term performance of the di sposa 1 
cell at Mexican Hat, the following design considerations are important. 

E.2.1 CLIMATE 

The climate in the vicinity of the Mexican Hat disposal site is 
arid. Infrequent late summer and fall rainstorms furnish a large portion 
of the total annual precipitation. For a 30-year period of record, the 
average annual precipitation at Mexican Hat was 6.09 inches (DOE, 1987). 
Approximate 1 y 46 percent of the average annua 1 prec i pit at ion occurs 
during July through October. Estimated pan evaporation is 84.41 inches 
annually (Stevens et al., 1983); thus, the ratio of pan evaporation to 
precipitation is 14 to one. This large evaporation rate would tend to 
minimize infiltration through the cover. 

To estimate average annual recharge from precipitation at the 
Mexican Hat site, a comparison was made with the average annual recharge 
rate at another Uranium Mill Tailings Remedial Action (UMTRA) Project 
site in Green River, Utah, where a water balance survey was conducted by 
Rush et al. (1982). The climate at Green River is very similar to the 
Mexican Hat site; both have an average annual precipitation of six 
inches. An average annual recharge rate of one percent (or less) of the 
average annual precipitation was estimated by an empirical method 
developed for desert regions (Eakin et al., 1951; Rush et al., 1982). 
This would be a conservatively high estimate because it assumes a maximum 
potential for soil wetting depths. Because the soil at Green River is 
relatively coarse-textured, the moderately high permeability results in 
a high potential for infiltration from direct precipitation. It is 
reasonab 1 e to assume that the cover at the Me xi can Hat di sposa 1 site 
would allow a similar rate of annual infiltration, or less, since the 
cover consists of a highly-compacted, bentonite-amended radon/ 
infiltration barrier. Details of the cover design are presented in 
Section E.2.3.1. A more complete discussion of the performance of the 
cover for limiting infiltration is presented in Section E.2.3.2. One 
percent of six inches of precipitation at the Mexican Hat site per year 
is 0.06 inch (0.15 em) per year, or an equivalent steady rate of 1.9 x 
10-9 inch/second [5 x lQ- 9 centimeters per second (cm/s)]. 
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E.2.2 TAILINGS SEEPAGE AND SUBSURFACE DRAINAGE 

Drainage of tailings seepage into the cell foundation will occur as 
a result of percolation through the disposal cell. Because of this, 
tailings drainage or long-term infiltration through the cover of the 
disposal cell should not create perched water at the contact of the 
tailings with foundation materials, and neither the foundation nor the 
tailings should become saturated. The siltstone/sandstone bedrock of the 
Halgaito Shale Formation, which forms the foundation of the stabilized 
pi 1 e, has a hydraulic conductivity two to three orders of magnitude 
higher than the tailings materials and radon/infiltration barrier. 

E.2.3 COVER DESIGN 

The Mexican Hat disposal cell cover will consist of various layers 
intended to 1) prevent radon emanations to the atmosphere; 2) limit the 
amount of infiltration into the contaminated materials from direct 
precipitation over the pile; 3) limit or prevent erosion from surface 
flow; and 4) promote evaporation and runoff from the pile and prevent 
surface pending. 

The following section describes the cover design that will 1 i mit 
i nfi ltrati on into the tailings. The reasons for incorporating the 
individual cover components, and the design specifications for each, are 
discussed in Section E.2.3.1. The performance of the cover with regards 
to longevity and infiltration is discussed in Section E.2.3.2. Figure 
E.2.1 shows a diagrammatic cross section through the disposal cell, and 
the details of the cover design on the top and the sideslopes. 

E.2.3.1 Cover components 

Radon/infiltration barrier 

The compacted soil radon/infiltration barrier is a standard 
feature on UMTRA Project piles. It will be designed and placed 
in accordance with convention a 1 and accepted UMTRA Project 
procedures. The soil will be mixed with 10 percent sodi urn 
bentonite (obtained from a commercial source). The estimated 
saturated hydraulic conductivity of the radon/infiltration 
barrier (from laboratory testing--Appendix B, Calculation 
9-421-01-00) will be 5 x 10-a cm/s to 3 x 10-7 cm/s, depending on 
the laboratory test method and the bentonite source. The radon/ 
infiltration barrier will be placed in a two-foot-thick layer on 
the top and sideslopes and compacted to 100 percent standard 
Proctor density. 

Bedding {filter) layer 

The bedding/filter layer serves the following functions: 
1) a filter to prevent erosion of the radon barrier by inter
stitial flow; 2) a bedding layer for the erosion barrier; 3) a 
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drain that sheds water laterally (downslope) off the pile. The 
bedding/filter layer will be six inches thick and will be con
structed of clean sand. 

Erosion barrier 

An erosion barrier of rock will be designed and placed at 
the Mexican Hat site in accordance with conventional and 
accepted UMTRA Project procedures. The rock erosion protection 
is sized to withstand sheet erosion during a Probable Maximum 
Precipitation (PMP) event. The rock layer will also prevent 
burrowing animals and most plant roots from penetrating through 
to the radon/infiltration barrier. The erosion barrier will be 
placed in an eight-inch-thick layer and will consist of durable 
rock. 

E.2.3.2 Cover performance 

The performance of the cover must meet the 1 ongevi ty 
requirement of 40 CFR 192.02, which states that the design must 
be effective for up to one thousand years, to the extent 
reasonably achievable, and in any case, for at least 200 years. 
The cover will be constructed of durable earth materials that 
meet the longevity requirement. The materials will be placed so 
that geomorphic processes will not alter their performance with 
time. 

Although 1 ong-term seepage of tailings fluids from the 
disposal facility is not a factor in meeting the concentration 
limits at the POC in the uppermost aquifer, the cover design 
will restrict infiltration to at least the ambient annual rate 
of recharge of 0.06 inch/year (5 · x 10-9 cm/s) or to the 
unsaturated hydraulic conductivity of the radon/infiltration 
barrier. This will reduce the discharge of tailings fluids that 
created the perched water and the area of saturation within the 
Halgaito Shale Formation. 

E.2.4 DISPOSAL CELL DESIGN AND GEOLOGIC SETTING 

The tailings and other contaminated materials from the Mexican Hat 
and Monument Valley sites would be consolidated into a single embankment 
at the Mexican Hat site. The stabilized disposal cell would then be 
covered with a two-foot radon barrier, a six-inch layer of filter and 
bedding material, and an eight-inch-thick layer of small diameter rock on 
the topslopes and a 12-inch-thick layer of small diameter rock on the 
sideslopes for erosion protection. 

The Mexican Hat disposal cell overlies the Halgaito Shale Formation, 
which unconformably overlies the Honaker Trail Formation in the site 
vicinity. The cell design favors the hydrogeologic isolation for 
moisture exiting the disposal cell. The design augments the natural 
setting by incorporating a low cover flux on the order of 10-9 cm/s and 
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controlling the use of construction water. The amount of transient 
drainage and water released during consolidation is minimal compared to 
the volume of water that infiltrated through the subsurface during 
milling operations. 

E.2.4.1 Transient drainage 

Transient drainage modeling for the Mexican Hat disposal 
cell was not performed. Based on a simple mass balance 
calculation, however, a maximum of 243 acre-feet of water may be 
expelled from the cell throughout its design life (see 
Calculation HAT-11-91-12-02, Appendix F). An assumption in the 
mass balance calculation is that because of arid conditions at 
the site, precipitation will contribute an insignificant amount 
of water to the total volume of pore fluid contained in the 
contaminated material matrix. The potential total volume of 
drainage from the disposal cell is small compared to the volume 
of water that infiltrated into the subsurface during milling 
operations (approximately 8500 acre-feet). 

E.2.4.2 Water released during consolidation 

Due to consolidation, tailings discharge water may have 
migrated from the saturated slimes in the lower tailings pile 
when the upper pile material was placed on top. Most of the 
lower tailings pile consists of sand-slime combinations or 
sands. Based on settlement readings, the lower tailings pile 
expelled approximately six acre-feet due to consolidation (DOE, 
1990). 
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E.3 DISPOSAL AND CONTROL OF RADIOACTIVE MATERIALS AND NONRADIOACTIVE TOXICS 

E.3.1 GROUNDWATER PROTECTION STANDARDS FOR DISPOSAL 

The proposed groundwater standards (40 CFR 192.02) require three 
basic elements for setting the groundwater protection standards. These 
are 1) determination of hazardous constituents; 2) proposal of a concen
tration 1 imit for each hazardous constituent found to exist in the 
tailings or leachate; and 3) specification of the POC. The groundwater 
protection standard applies to the uppermost aquifer hydraulically 
downgradient from the disposal unit (NRC, 1988). Definitions of the 
uppermost aquifer provided in 10 CFR 40, Appendix A, were used to imple
ment the groundwater protection standards of 40 CFR 192, Subparts A-C. 
The Honaker Trail Formation is defined as the uppermost aquifer at the 
Mexican Hat disposal site. This is where the proposed EPA groundwater 
standards apply. 

At the Mexican Hat disposal site, the Halgaito Shale Formation is 
not considered the uppermost aquifer because the groundwater found in 
this zone is saturation created by uranium recovery operations. Conse
quently, there is no native groundwater and, thus, no "background" water 
quality data for the Halgaito Shale Formation. Fluids derived from 
tailings seepage sampled in monitor wells completed within the Halgaito 
Shale Formation have a relatively high total dissolved solids (TDS) 
content, with a mean TDS concentration greater than 4000 milligrams per 
liter (mg/1). Maximum observed concentrations of chromium, molybdenum, 
uranium, and nitrate and the activities of net gross alpha exceed the EPA 
MCLs. After the tailings have been reconfigured into a disposal cell and 
covered with a low permeability radon/infiltration barrier, the tailings 
seepage to the Halgaito Shale Formation will become negligible. 

Water discharges from seeps in the North Arroyo exhibit maximum 
observed concentrations or activities of molybdenum, net gross alpha, 
nitrate, and uranium above MCLs. Discharges from these seeps are from 
milling operations-related water. Water discharges from Gypsum Creek 
seep GS-3 (254) are also from milling operations-related water based on 
major cation/anion chemistry, elevated nitrate concentrations, and 
elevated uranium concentrations. Discharges from other seeps in Gypsum 
Creek have a similar water quality type to Honaker Trail Formation 
groundwater. However, five Gypsum Creek seeps exhibit concentrations of 
uranium elevated generally an order of magnitude above background for the 
Honaker Trail Formation. These seeps have a component of discharge 
derived from milling operations-related water. Gypsum Creek is dry most 
of the time, except for short periods after heavy rains or snow melts. 
Therefore, these seeps are discharging to a dry arroyo most of the time, 
and not to a surface water body. 

Groundwater in the Halgaito Shale Formation and the Honaker Trail 
Formation in the vicinity of the Mexican Hat site is not used as a source 
of drinking water or for other domestic or beneficial purposes. 
Groundwater has not been developed in the Halgaito Shale Formation 
because of the limited areal extent of saturation in the site vicinity 
and the low hydraulic conductivity of the member, which results in low 
yields to wells. Once the disposal cell is constructed, transient 
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tailings seepage will decrease with time and will not contribute to 
existing levels of saturation. Because there will be no artificial 
source of recharge, the Halgaito Shale Formation will return to its 
former unsaturated condition. 

E.3.1.1 Hazardous constituents 

Hazardous constituents within the tailings at the Mexican 
Hat and Monument Valley sites have been i dent i fi ed based on 
characterization of the tailings materials. A description of 
the urani urn recovery process and evaluation of groundwater 
quality data are discussed in Appendix D. 

To be a hazardous constituent, a chemical should satisfy 
two criteria as follows: 1) it is present in or is reasonably 
expected to be present in, or derived from, the residual radio
active material stabilized at the disposal site; and 2) it is 
listed in Table 1 and Appendix I of 40 CFR 192. Dissolved 
constituents listed in Appendix IX of 40 CFR 264 are used to 
satisfy the ana lyti ca 1 requirements for compounds 1 i sted in 
Appendix I of 40 CFR 192. 

The chemical characteristics of the Mexican Hat tailings 
were evaluated by pore water sampling with suction lysimeters. 
Four suction lysimeters were installed in the tailings piles by 
the DOE in 1990 and sampled in 1990 and 1991 (Table D.7.6 and 
Section D.7.9). Some lysimeters produced water too turbid to be 
field filtered. In these cases, unfiltered samples were 
analyzed and the results were reported as total concentrations. 
Inorganic hazardous constituents with MCLs that exceed the 
laboratory method detection limits in tailings pore water are 
listed in Table E.3.1 and include arsenic, barium, cadmium, 
chromium, lead, molybdenum, mercury, net gross alpha, nitrate, 
silver, and uranium. As explained in Section D.7.9., radium-226 
and -228 is assumed to exceed laboratory method detection limits 
in tailings pore water. For characterization purposes, mean or 
median tailings pore water quality were compared to MCLs. MCLs 
were exceeded for the mean or median observed concentrations or 
activities of arsenic, cadmium, net gross alpha, selenium, and 
uranium in tailings pore water. Concentrations of elements 
listed individually or included in compounds that are listed in 
Appendix I of 40 CFR 192 or in Appendix IX of 40 CFR 264 that 
exceed the laboratory method detection limit include aluminum, 
ammonium, antimony, beryllium, cobalt, copper, fluoride, nickel, 
strontium, tin, vanadium, and zinc. 

The estimated source term concentrations for the Monument 
Valley tailings are the maximum values from the analyses of 
samples from the lysimeters emplaced in the tailings pile (Table 
E.3.1). These maximum values are conservative estimates of the 
pore fluid composition within the Monument Valley tailings. 

There are an estimated 2,810,000 cubic yards of contami
nated material at the Mexican Hat s-ite and another 1,900,000 
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Table E.3.1 Estimated source term concentrations for the Mexican Hat 
disposal cell 

Maximum 
Maximum concentration 

Proposed concentration in Monument Maximum 
Hazardous EPA in Mexican Valley source term 
constituent MCLa Hat tailingsb tail i ngsc concentrationd 

Antimony NA 0.038 <0.003 0.04 
Arsenic 0.05 5.4 <0.01 5.4 
Barium 1.0 0.02 0.5 0.5 
Beryll i urn NA 0.009 ND o .009e 
Cadmium 0.01 0.111 <0.001 0.11 
Chromium 0.05 0.13 0.05 0.13 
Cobalt NA 3.9 1.41 1.41 
Copper NA 14.1 0.14 14.1 
Cyanide NA ND ND ND 
Fluoride NA 5.1 1.7 5.1 
Net gross 

alpha 
15.0 pCi/1 1843 pCi/1 ND 1843 pCi/le 

Lead 0.05 0.037 <0.01 0.04 
Mercury 0.002 0.0003 <0.0002 0.0003 
Molybdenum 0.1 0.18 0.32 0.32 
Nickel NA 2.6 1.10 2.6 
Nitrate 44.0 6.5 570.0 570 
Radium-226 

and -228 
5.0 pCi/1 ND 13 .ot 13e 

Selenium 0.01 0.015 <0.005 0.015 
Silver 0.05 0.08 <0.01 0.08 
Sulfide NA <0.8 ND <0.8e 
Thalli urn NA <0.03 ND <0 .03e 
Tin NA 0.025 <0.005 0.025 
Uranium 0.044 1.53 1.08 1.53 
Vanadium NA 0.67 1.08 1.08 
Zinc NA 6.88 3.86 6.88 

NOTE: <: Below detection limit. 
NA: MCL presently not assigned. 
ND: No data available. 

aAll concentrations mg/1 except as noted. 
bMaximum concentration analyzed from samples withdrawn from tailings lysimeters. 
cMaximum concentration analyzed from samples withdrawn from lysimters completed 
within the Monument Valley tailings. 

dWeighted average based on percent contaminated materials in the Mexican Hat and 
Monument Valley tailings. 

eNo data were available for this parameter at one of the tailings sites; 
therefore, the maximum concentration for either site was used for the maximum 
average concentration. 

fRadium-226 only. 
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cubic yards at the Monument Valley site. The disposal cell will 
therefore contain 4,710,000 cubic yards of contaminated mater
ial. Tailings pore fluids in the disposal cell at Mexican Hat 
wi 11 be a mixture of fluids in the codi sposa 1 tailings. The 
expected source term concentration will be the maximum observed 
concentration of a particular constituent from either of the two 
sites. The source term concentration or activity is presented 
in Table E.3.1. 

Sampling of the tailings and groundwater at both Monument 
Valley and Mexican Hat indicated that no Appendix IX 40 CFR 264 
organic constituents related to uranium processing are present. 
Therefore, Appendix IX organic constituents were given no 
further consideration as hazardous constituents. 

E.3.1.2 Proposed concentration limits 

Pursuant to 40 CFR 192.02(a)(3) (ii and v) and 264.94, the 
proposed concentration 1 imits for the hazardous constituents 
identified within the tailings at the Mexican Hat site must be 
met at the POC. The POC is discussed in Section E.3.1.3. 

Concentration limits, where proposed, at the Mexican Hat 
disposal site are defined as the MCLs or background, whichever 
is higher for hazardous constituents that exceed 1 aboratory 
method detection limits. 

To a chi eve comp 1 i ance with the proposed EPA groundwater 
protection standards at the Mexican Hat disposal site, the DOE 
proposes to meet MCLs or background concentrations in ground
water in the uppermost aquifer (Honaker Trail Formation) for the 
hazardous constituents listed in Table E.3.1. The statistical 
definition of background water quality and what constitutes an 
excursion of the concentration limits will be further defined in 
the long-term surveillance plan and reevaluated as groundwater 
sampling continues. Background water quality for the Honaker 
Trail Formation is discussed in Appendix 0, Site Characteri
zation. 

E.3.1.3 Point of compliance 

Seepage of tailings fluids into the Honaker Trail Formation 
is precluded by the upward gradient between the Honaker Trail 
Formation and the Halgaito Shale Formation and a decrease in 
hydraulic conductivity with depth in the area of the tailings 
pile. This upward hydraulic gradient is artesian in the vicin
ity of the tailings disposal cell. Because of the advantageous 
hydrogeologic setting, the Honaker Trail Formation groundwater 
will not be monitored. Therefore, there will not be a POC at 
this site. The performance monitoring is described in Section 
E.3.4. 
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E.3.2 PERFORMANCE ASSESSMENT 

The performance of the disposal cell will comply with the 
groundwater protection standards in 40 CFR 192.02 as determined from an 
assessment of the hydrogeologic characteristics of the site, a design 
analysis of the disposal unit, and a performance assessment of the 
disposal site. There are two areas of concern: compliance with 
groundwater standards in the Honaker Trail Formation, and the risk 
associated with seeps. The disposal cell will meet the concentration 
1 imits defined as the proposed EPA MCLs or background water qua 1 ity, 
whichever is higher, in the Honaker Trail Formation (the uppermost 
aquifer) at the POC. 

Several components of the cover design will provide additional 
conservatism for compliance with the proposed EPA groundwater standards. 
The combination of the filter bedding and 1 ow-hydraulic conductivity 
radon/infiltration barrier will restrict infiltration through the 
tailings to at least the estimated ambient annual recharge rate of 0.06 
inch/year (5 x 10-9 cm/s) (Rush et al., 1982). However, recent field 
studies at two UMTRA sites that have climate and cover design 
characteristics similar to the Mexican Hat disposal site have shown 
infiltration may be even less because the barriers at these two sites are 
unsaturated (DOE, 1989). Thus, the moisture conditions in the radon 
barrier at Mexican Hat should closely approximate the measured moisture 
conditions at these two sites and be unsaturated (DOE, 1989). 

Water added to suppress dust and compact relocated tailings will be 
controlled; tailings drainage that occurs prior to equilibration with the 
i nfi ltrat ion rate through the cover wi 11 not cause the proposed EPA 
groundwater standards to be exceeded, as the seepage rate will be less 
than that which occurred from the tailings during processing activities. 
Seepage of tailings fluids into the Honaker Trail Formation is precluded 
by the upward gradient between the Honaker Trail Formation and the 
Halgaito Shale Formation and a decrease in hydraulic conductivity with 
depth in the area of the tailings pile. This upward hydraulic gradient 
is artesian in the vicinity of the tailings disposal cell. Because of 
the advantageous hydrogeologic setting, the remedial action is expected 
to comply with the EPA groundwater protection standards. 

E.3.3 RISK ASSOCIATED WITH SEEPS 

The risk assessment for the seeps at the Mexican Hat uranium mill 
tailings site near Mexican Hat, Utah, was undertaken to determine if 
exposures to chemical and radiological constituents in the seeps pose 
risks to humans, wildlife, and domestic animals. 

The human health assessment was carried out for limited direct human 
exposure to seep water through seep water ingestion, and also for the 
indirect seep water-to-cattle-to-human pathways involving ingestion of 
homegrown meat and milk. 

The ecological assessment focused upon freshwater aquatic organisms 
and domestic cattle, since sufficient data existed to quantify risks in 
these two cases. Risks to freshwater aquatic life were assessed using 
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Ambient Water Qua 1 i ty Criteria (AWQC) defined by the EPA, when these 
values were available. Cattle were assumed to be exposed to seep con
stituents via seep water ingestion and ingestion of seep-contaminated 
vegetation. 

Five contaminants of concern were identified for the assessment of 
chemical risks: antimony, manganese, molybdenum, nickel, and uranium. 
Uranium was also analyzed as a radiological contaminant of concern. 

The results of the assessment for potential chemical risks indicate 
that: 

o Ingestion by humans of approximately 16 liters per year of seep 
water during occasional visits to Gypsum Wash or the North Arroyo 
is not expected to result in adverse noncarcinogenic health 
effects. The ingestion of meat and milk from cattle grazing at 
the seeps and drinking seep water is also not expected to result 
in adverse noncarcinogenic health effects. 

o Based upon AWQC, the concentrations of antimony, cadmium, and 
nickel are below levels of concern for 95 percent of freshwater 
aquatic organisms. Based upon other toxicity data, concentra
tions of manganese and molybdenum are unlikely to cause signifi
cant adverse effects to aquatic 1 i fe. Insufficient data on 
uranium precluded an assessment of its nonradiological effects on 
aquatic organisms. 

o Cattle drinking seep water and browsing upon vegetation derived 
from seep water for approximately 160 days per year are not 
expected to suffer adverse noncarcinogenic health effects due to 
ingestion of the contaminants of concern. 

The results of the radiological risk assessment indicate that a person 
who drinks 16 liters of seep water in one year from the North Arroyo, and 
who also consumes milk and meat from cattle that browse at the seeps, 
would ingest uranium sufficient to give an excess cancer risk of one in 
one mi 11 ion. The consumption of water from the seeps at Gypsum Wash 
would result in a lower risk from the ingestion of uranium because of the 
lower concentrations of uranium at the wash (JEG, 1990). 

E.3.4 GROUNDWATER PERFORMANCE MONITORING PROGRAM 

Pursuant to 40 CFR 192.020, this section addresses a monitoring plan 
to be carried out during the post-disposal period. Details of a per
formance monitoring plan will be supplied in a long-term surveillance 
plan. However, a conceptual plan for monitoring existing contamination 
in the Halgaito Shale is described here. Water quality impacts in the 
Honaker Trail Formation have not been observed, even though processing 
activities began over 30 years ago. Because of the hydrogeologic 
setting, water quality degradation should not occur in the future. 

Seep water quality will be monitored in Gypsum Creek and the North 
Arroyo until a determination is made as to whether additional remedial 
action is necessary under Subpart B of 40 CFR 192. Groundwater 
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monitoring at these points would allow observation of seep flow and water 
quality changes with time. The volume of contaminated water in the 
Halgaito Shale is expected to diminish. This would be demonstrated by 
decreasing seep flow or decreasing contaminant concentrations in seep 
water. 

This conceptual plan recommends seep monitoring instead of 
monitoring by point of compliance wells in the Honaker Trail Formation. 
If in the future, a disposal cell failure were to occur and contaminated 
water entered the Halgaito Shale, routine seep monitoring would allow for 
the observation of such an occurrence. This is because the only known 
flow path at the site is from the cell to the Halgaito Shale, then to 
either the North Arroyo seeps or Gypsum Creek seeps. A flow path from 
the Halgaito Shale to the Honaker Trail Formation is not expected to 
occur owing to the upward hydraulic gradient and aquitard between the two 
formations. 

E.3.5 CORRECTIVE ACTION PLAN 

Pursuant to 40 CFR 192.02, this section addresses a corrective 
action plan to bring the disposal site into compliance if the proposed 
EPA groundwater standards are found or projected to be exceeded. 
Proposing a specific, detailed action plan to clean up or control the 
movement of groundwater at this time is not possible; however, Table 
E.3.2 summarizes potential failure modes for the Mexican Hat disposal 
cell and potential remedial action for those modes. Should a failure of 
the cell occur or the site be found not to be in compliance, a corrective 
action plan shall be formulated and implemented within 18 months. The 
corrective action plan would probably involve an application of supple
mental standards in the Honaker Trail Formation, because the groundwater 
in that aquifer is Class III. 

E.3.6 GROUNDWATER CLEANUP 

The need for and extent of groundwater cleanup at the Mexican Hat 
and Monument Va 11 ey processing sites wi 11 be determined based on the 
extent of the existing contamination, the potential for current or future 
use of the aquifer for drinking water supplies, and the technical 
practicability of restoring the aquifer from an engineering perspective. 
The relocation of the Monument Valley processing site tailings to the 
Mexican Hat disposal site will remove the source term and not affect the 
ability to perform groundwater c 1 eanup at the Monument Va 11 ey site. 
Studies are currently underway to develop plans, guidance materials, and 
procedures for groundwater cleanup activities. The decision as to the 
need for and extent of groundwater cleanup, required to be addressed 
under 40 CFR 192 Subparts B and C, will be made as part of a separate 
process under the Nation a 1 En vi ronmenta 1 Po 1 icy Act (NEPA) • These 
investigations will be carried out during the Subpart B groundwater 
restoration phase. 

Based on the present level of site characterization, no groundwater 
cleanup is anticipated at the Mexican Hat processing site. The uppermost 
aquifer, the Honaker Trail Formation, has not been and is not expected to 
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Table E.3.2 Corrective action plan summary for the Mexican Hat disposal site 

Failure scenario 

Contaminated seepage emerges in 
artificially induced springs below the 
pile. 

Groundwater quality deteriorates off
site due to tailings seepage. 

Radon barrier cracks due to 
desiccation. 

Erosion protection layer siltates. 

Vegetation threatens integrity of 
radon barrier. 
Animals intrude into the pile. 
Frost heave affects the cover. 

Cover erodes. 

Remedial action 

Modify cover to eliminate 
excess infiltration 

Perform a risk assessment, 
then modify cover and 
apply institutional 
controls (groundwater 
restoration impractical) 
or apply for supplemental 
standards 

Replace high permeability 
filter layer with lower 
permeability filter layer 
No action needed unless it 
increases infiltration or 
induces vegetation 
Apply biointrusion barrier 

Modify rock cover 

Not realistic failure 
scenari 0 11 

Not realistic failure 
scenario (pile is designed 
for PMP and PMFb events) 

11 Frost heave is not anticipated to be a problem for the following reasons: 
• Frost penetration in the area is shallow. 
• Because of the arid climate, the radon barrier is not expected to be 

saturated, thereby reducing the potential and the effects of frost heaving. 
• Currently, the radon barrier thickness is overdesigned by about six inches. 

bPMF = Probable Maximum Flood. 
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be influenced by tailings seepage. The zone of saturation in the 
Halgaito Shale Member that was created as a result of uranium processing 
will eventually diminish as recharge through the tailings is limited by 
the consolidation of the tailings into a disposal cell with a cover that 
restricts i nfi ltrati on. The seeps in the North Arroyo and in Gypsum 
Creek wi 11 continue to be monitored until the need for groundwater 
cleanup is assessed under the separate NEPA process. 
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INSTRUMENT 

Be;ut:> '~ Q~?on..T 

Table E-1 

Borehole Data from Spectral System 

COMPULOGGER 
1815 
231-G3 
Nai<n> 

EQUIPMENT DATA 

0.1875 in. 
1.238 .:!: 0.012 
1.220 .:!: 0.154 
1.069 .:!: 0.007 

. GJ'O NUMBER 
SERIAL NUMBER 
DETECTOR 
DETECTOR SIZE 
PROBE DIAMETER 
HOLE DIDIE'IER 

2 in. :a: 6 in. 
2.5 in. 

CASING THICKNESS 
CASING FACI'OR 
FLUID FACI'OR 
MOISTURE FACI'OR 
X FACI'OR 
BACKGROUND 
ALPHA FACI'OR 
CALIBRATION DATE 

7.00 .:!: 0.18 g-cps/pCi(eRa-226) 
21.04 .:!: 3.24 cps 

6.87 in. 

Bole 
No. 

HAT-014 
HAT-021 
HAT-G22 
HAT-023 
HAT-026 
RAT-G29 · 
RAT-031 
RAT-035 
HAT-045 
HAT-047 
HAT-071 
BAT-073 
BAT-074 
HAT-075 
HAT-080 
HAT-o81: 
HAT-083 · 
BAT-086· 
BAT-o88. 

0 BAT-102 
o BAT-103. 
OBAT-105 
OHAT-110 
ORAT-120 
OHAT-121 - -· --
OHAT-151 
o HAT-153 
OHAT-157 
OHAT-159 . 
OHAT-161 
OHAT-166 
O HAT-169 

Grid Coordinates 
North East 

9200 
8900 
8900 
8800 
8800 
8700 
8700 
8600 
8300 
8200 

10350 
10000 

9900 
9900 
9700 
9700 
9600 
9400 
9300 
9801 
9762 
9530 
8642 
9014 
9163 
9801 
9999 

10320 
10223 
10108 

9199 
8922 

8500 
8200 
8400 
7900 
8500 
7300 
8200 
8500 
7500 
7900 
8150 
8100 
8000 
8100 
8200 
8300 
8200 
8200 
7500 
9148 
9321 . 
9647 
9559 
8836 
8789 
9637 

10095 
10788 
11088 
11630 
11424 
11004 

3.0 .:!: 0.3 
4 September 1984 

Elevation 
(ft) 

4335.1 
4345.5 
4339.7 
4347.6 
4340.4 
4332.8 
4342.1 
4350.3 
4340.1 
4353.4 
4313.8 
4315.0 
4316.8 
4318.4 
4321.0 
4323.6 
4322.4 
4328.3 
4330.8 
4312.1 
4305.1 
4315.6 
4336.0 
4331.3 
4331.2 
4305.6 
4292.2 
4268.3 
4267.7 
4233.5 
4300.7 
4295.6 

7.5 
3.5 
6.0 
3.5 
4.0 
3.5 
3.5 
4.0 
5.5 
4.0 
4.0 
3.0 
8.0 
9.5 
7.5 

11.0 
8.0 

18.5 
4.5 

~.0 
s.s 

27.5 
8.5 

14.0 
s.s 
8.0 
9.0 
7.0 

12.5 
9.0 
9.0 . 

o.s 

I· o 

0·5 
2.5 -

1.5 
3..5 :: 
o~s 

z .... o 
o~s 

o.s 
~i • ..:. 
1-...-5 -

"' 

I ' 

0 6-c(e ~"I €.S loc.~.-+e-cO a.-+ f ('c f he.( a e> ~ f-k ~ -~ 
~ f\'~ (' ~ L.ow e.r r~\e~-2 / 1A " c._-· r r ·-' 

(-..I "'- ,-
I 

. i-',:.. : - r: .. - -t. 
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- Table E-2 

51-}., 7 
A!> '?/2.~/'fb 

.,..-GMf!. ICJ-.2.?-b, 

Borehole Data from Total-Count System 

JNSTRUMEN'I' 
GJ'O NUMBER 
SERIAL NUMBER 
DETEC'l'OR 
DETECTOR SIZE 
PROBE DIAMETER 
BOLE DIAlfETER 

PRS-1 RASCAL 
C-3572S · 
753 
Nai(n) 
2 in. x 2 in. 
2.5 in. ···· · 
6.87 in. 

EQUIPMENT DATA 

CASING THICKNESS 0.1875 in. 
CASING FACTOR 1.555 z 0.095 
FLUID FACI'OR 1.112 z 0.078 
MOISTURE FACTOR .. 1.069 z 0.007 
X FACTOR 77.14 ± 2.24 g-cps/pCi(eRa-226) 
BACKGROUND 135.51 ± 94.20 cps 
ALPHA FACI'OR 3.0 ± 0.3 
CALIBRATION DATE 04 September 1984 

Bole 
No. 

Grid Coordinates Elevation 
(ft) 

Log Depth 
( ft) 

BAT-011 
IIAT-012 
BAT-013 
BAT-015 
BAT-016 
BAT-017 
BAT-018 
BAT-019 
BAT-020 
BAT-o21 
RAT-024 
BAT-025 
RAT-027 
RAT-028 
RAT-030 
RAT-o32 
RAT-033 
BAT-034 
RAT-036 
BAT-037 
BAT-038 
BAT-039 
BAT-040 
BAT-041 
HAT-042 
RAT-043 
HAT-044 
BAT-046 
RAT-048 
RAT-049 
IIAT-050 
IIAT-051 
RAT-052 

North East 

9200 
9200 
9200 
9000 
9000 
9000 
9000 
9000 
8900 
8900 
8800 
8800 
8800 
8800 
8700 
8600 
8600 
8600 
8600 
8590 
8500 
8500 

. 8400 
8400 
8400 
8400 
8400 
8300 
8185 
8200 
8200 
8200 
8000. 

7900 
8100 
8300 
7900 
8100 
8300 
8500 
8700 
8100 
8200 
8100 
8200 
8700 
8900 
7700 
7900 
8100 
8400 
8700 
8900 
7700 
8200 
7900 
8100 
8300 
8500 
8700 
7700 
8100 
8300 
8500 
8750 
7900 

E-3 

4331.6 
4343.6 
4337.6 
4342.1 
4348.9 
4342.1 
4335.2 
4330.3 
4348.3 
4345.5 
4346.1 
4343.4 
4344.2 
4338.7 
4355.0 
4350.6 
4344.6 
4342.6 
4345.1 
4.41. 7 
4351.5 
4343.8 
4350.8 
4348.1 
4347.4 
4352.1 
4359.3 
4351.6 
4351.6 
4354.9 
4357.4 
4352.9 

-4353.2 

1.5 
1.3 
2.9 
3.8 
4.4 
2.8 
4.2 
2.5 
3.6 
4.4 
3.6 
1.0 
1.5 
1.0 
4.1 
2.7 
1.0 
3.7 
1.6 
3.8 
2.2 
2.0 
1.3 
3.9 
2.8 
2.4 
0.7 
3.2 
2.8 
0.8 
0.3 
1.9 
3.5 

. ,_ 
It-> 

o.s 
\ .. 0 
o,s 
2.-rO· 1 
~~-"5' I 

""'· 

9~&- ::: 
\.5 
o·.s 

' I --' 

~-
t .. .o-- I .S 
l.o 
~,.? 
a.s 
\• c 

\ ~-

0·5-
0·5 z.c 
015 
0·5 
o.s 
o.s 

•';)!. I_.,.· 

I· o 
o.5 

;. 0 

~?5 
p-8 J, 

' (I\ L / G · r. -.. ~- • 
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Table E-2 (continued) 
~t 

(_ Bole Grid CoordiDat£S Elevation Loa Depth Oe..r"" tC, 
No 1 North East ! ft2 {ftl ·5 ecti.:J. \,. 
BAT-053 8000 8100 4358.7 1.4 1::),5' 

7HAT-G54 8000 8300 4357.6 3.5 ~.o,., 

BAT-055 7800 1900 4353.2 3.5 ,.5 v 
.JIAT-G56 7800 8100 4360.1 2.0 o.s 
BAT-G72 10200 8100 4312.5 1.0 

-BAT-G76 9800 7700 4328.4 4.3 
HAT-078 9800 8200 4321.7 4.0 
BAT-()79 9700 8100 4318.6 1.4 
-liAT-D82 9700 8600 4332.1 2.9 o .. s 

*HAT-D85 9500 8200 4332.5 2.7 o .. s 
HAT-087 9400 8300 4336.8 0.8 

o HAT-101 9800 8990 4332. 
o HAT-104 9652 9489 4315.0 4.0 
o HAT-106 9400 9169' 4312.3 1.8 
o BAT-107 . 9208 9849 4300.0 14.5 
O•HAT-108 9023 9802 4315.0 2.7 
0 *IIAT-109 8825 9720 4296.8 2.0 
0 •RAT-112 8299 9223 4329.5 2.8 
o•HAT-113 8388 9135 4332.2 7.5 
() *HAT-114 8241 8895 4329.1 3.5 
o HAT-115 8442 8964 4332.9 9.5 , 0 BAT-116 8600 9008 4336.4 1.9 

' 0 HAT-117 8734 9091 4334.5 0.8 
'-

0 HAT-118 8852 8979 4338.4 0.8 f. (I' :.: -
C HAT-119 9003 901.4. 4334.9 2.8 

(· 

'- . I 

~ o RAT-122 9313 8783 4330.1 2.0 I f) .,-_.., \ 
o HAT-123 9642 8775 4332.1------- 3.2 ft..~ o' 

BAT..:.124 9960 9246 4313.7 7.1 ~- 7,..:. 
· HAT-125 10151 9290 4317.3 7.0 ·s.s / 

0 BAT-152 9901 9847 4295.7 4.7 
0 BAT-154 10109 10340 4282.0 3.4 
o BAT-155 10159 10478 - 4287.3 0.9 
0 BAT-156 10263 10614 4268.0 2.5 
0 BAT-158 10446 11062 4257.3 4.5 
C HAT-160 10107 11416 4236.8 3.0 
() •BAT-163 9818 11533 4245.8 1.9 
~ BAT-164 9691 11614 4272.7 2.7 
o HAT-165 9538 11662 4271.8 11.8 
0 HAT-167 9103 11372 4304.3 3 .. 3 
C HAT-168 8978 11269 4300.5 1.6 
~ HAT-171 8944 10732 4293.5 4.5 ... 
~•HAT-173 

~. . . 8903 10319 4284.5 1.3 . ... ~ . 

O•BAT-174 8898 10249 4280.2 5.3 

•Boreholes logged without casing. Data were reduced for 
th~se boreholes using a hole diameter of S.S in., a casing . thickness of 0 in., and a casing factor of 1.000 ± 0.000 • 

' \ All other equipment data were the same for all boreholes. 

0 Bor-eJ.,"\~. Lcc...-4-el a..l- f"1=-f~~(a 6~-l.h e.. (.) fJ?e Y' 
&f L.owe~"' \.,\~ • · 
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Bole 
No, 

0 •RAT-175 
~ •BAT-:176 
0 !llAT-177 
C' •BAT-178 
0 BAT-179 
0 •BA.T-180 

Table E-2 (continued) 

Grid Coordinates 
North East 

8876 
·8728 
10105 
9998 

10011 
9951 

10100 
9768 

11302 
11407 
11622 
11511 

Elevation 
(ft) 

4281.9 
4289.7 
4242.0 
4239.9 
4230.7 
42·37 .2 

Log Depth 
(ft) 

1.9 
2.1 
2.5 
9.5 
2.7 
4.6 

•Boreholes logged without casing. Data were reduced for 
these boreholes using a hole diameter of 5.5 in. • a casing 
thickness of 0 in •• and a casing factor of 1.000! 0.000. 
All other equipment data were the same for all boreholes. 
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· -- ·- Appendix D 

-- DELTA-GAMMA llADIUM M£ASUREMENl' DATA 

Table D-1 presents results of the -in-aitu-clel-ta-samma radi= measurements.· The 
two-standard-deviation (2cr) error reported in this table reflects ouly the 
uncertain~ in the countins statistics; it does not include errors introduced 
through the ~e of a calibration factor and three correction factors. These 
data were senerated usins tho computer prosram DELTCALC.BAS. Version 1.1. · 
Radium values represent equivalent concentrations. 

Taole D-1 

- In-Situ Delta-G~a Radium Measurement Results 

Coordinates Coordinates 
North East North East 

11600 11600 0 . 2.3 ± 0 .a 10800 12000 0 10.8 ± 1.5 
11600 11600 6 ·.0.3 ± 0.6 10800 12000 6 Cl 0.6 
11600 12000 6 ·o.9 ± o .a 10800 12-400 6 0.-4 ± 0.7 
1-1-400-12450-()- ·. 95.8 ± 3 .o 10800 12800 6 0.6 ± 0.7 
114.0~2450 6 131.5 ± -4.0 10775 11100 0 45.3 ± 1.9 
·11400 -124S0-12 .65.~ ± 3.6 10775 11100 6 -41.3 ± 2.7 
11400 ·12-450 ·- -·15 I ·-.28.1' .. + "'.5 10775 11100 j 12 5.-4 ± 1.9 
11275 -o . ~-- -~-

12325 39.3 ± 1.8 10775 -11100 -:-·1-4 1.8 ± 2.1 
11275. 12325 6 2.-4 ± 1.-4 10775 12125 0 69.1 ± 3 .o 
11202 11600 6 1.7 ± 0.1 i0775 12125 6 -4.6 ± 2.2 
11200 10800 6 0.6 ± 0.7 10725 10750 0 59.6 ± 2.3 
11200 11200 6 0.-4 ± 0.7 10725 10750 . 6 ·--- 38.8 ± 2.9 
11200 12000 6 2.3 ± 1.0 10725 =10750 ··~---12 ~. 2.1 ± 1.7 

. 11090 12225 0 6.1 ± 1.-4 10700 10575 0 55.-4 ± 2.5 -· 
11090 12225 6 1.1 ± 0.9 10700 10515 6 -4.5 ± 1.9 
11000 10400 0 3.7 ± o.a 10700·~10575 .-12 ~· ·- -2.2 ± 1.2 
11000 10400 6 0.7 ± o .a 10700 10925 0 20.1 ± 1.5 
10925 12125 0 37.1 ± 

2 ·"' 
10700 10925 6 1.5 ± 0.9 

10925 "12125 6 -4.2 ± 1.8 10650 12050 0 68.-4 ± 3.1 
10900 11650 0 3.8 ± 1.2 10650 12050 6 32.0 ± 3.1 
10850 ::11-475 0 31.-4 ± 2.2 10600 8200 2 3.1 ± 0.9 
10850 11475 6 -4.0 ± 1.7 10600 9000 6 2.6 ± 0.8 
10825 11825 0 22.8 ± 1.-4 10600 9600 6 1.6 ± 0.9 
10825 11825·- --·6 31.0 ± 1.9 10600 10-400 6 15.8 ± 3.5 
10825 11825 -- 12 39.8 ± 

2 ·"' 
10600 10400 8 11.1 ± 3.3 

10825 -11825 -.--.18 11.1 ± 2.3 10600 11200 6 0.7 ± 1.3 
10800 9400 6 0.5 ± 0.6 10550 10050 0 -41.-4 ± 2.1 
10800 10000 6 0.9 ± 0.8 10550 10050 

"' 6.1 ± 1.8 
10800 :_:-10800 6 0.3 ± 0.1 10525 9875 0 35.6 ± 2.2 
10800 11300 0 -41.3 ± 2.7 10525 9815 6 16.0'± 2.1 
l08oo 11300 6 2.9 ± 1.6 10525 9875 12 • 1.5 
10800 11600 6 2.-4:!: 1.3 10525 11950 0 135.1:!: 3.9 

10525 11950 6 78.-4 ± 3.1 

-r.here is at least 95 percent coufidence that the true value is less than 
the measurement reported. 

D-1 
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. .. 'S 1/29/'({;,. . • v 6M8 /0 -.o>/-8r;,. . . Table D-1 (contbtue4) 

~ Coordinates Depth 
\_ North East 

10525- 11950 - . 10 - 10.8 ± 2.7 10000 9200 12 491.0 :t 7.2 
10500 10200 0 240.2 ± 4.5 10000 ~-3± 9.7 
10500 10200 6 278.1 ± 6.0 10000 9400 6 2.4 ± 0.8 
"10500 10200 12 2.2 ± 4.1 10000 9600 6 2.7 ± 1.3 
10450 9700 0 12.8 ± 1.6 10000 9800 6 3.7 ± 1.4 
10450 9700 4 1.1 ± 1.2 9967 1:t390 0 16.6 z 1.7 

t10400 8000 6 0.7 ± 0.6 9961 12390 1 1.3 :!:. 1.3 
10400 8200 f 6 45.4 ± 2.1 9950 12150 0 13.5 ± 2 .o 
10400 8200 ·12 24.1 ± 2.5 9950 12150 4 2.1 ± 1.2 
10400,..-.. 8200 18 15 .9 :!:. 2.6 9866 11994 0 19.1 ± 1.7 

. 10400 8200 - 24 4.1 + 1.9 9866 11994 3 3.9 ± 1.5 
10400 8400 6 0.9 ±- 0.8 9800 8500 6 1.8 ± 0.9 
10400 8800 6 0.1 ± 0.8 9800 8700 6 1.7 ± 0.9 
10400 9400 6 0.9 ± 0.7 9800 11800 0 11.2 ± 1.9 
10400 10400 6 1.5± 0.9 9800 11800 5 1.5 ± 1.1 
10400 10800 6 2.3 ± 1.3 9800 12200 5 0.5 :t 1.0 
10400 11600 6 3.6 ± 1.4 9800. 12200 6 1.2 ± 1.0 
10325 11925 0 44.2 ± 2.5 9600 8300 2 1.2 ± 0.9 
10325· 11925 6 59.0 ± 2 .o 9600 8500 6 0.7 ± 0.7 
10325 11925 10 9.4:!:. 2.3 9600 8700 6 0.4:!:. 0.8 -
10275 9650 0 143.6 ± 3.5 9600 12000 6 2.2 ± 1.2 
10275 9650 4 19.1 ± 2.5 9580 12580 0 23.3 ± 1.8 

( 10200 8000 6 0.8 ± 0.7 9580 12580 6 5.6 ± 1.4 

' 
10200 8400 6 1.8 ± 0.9 9580 12580 8 2.0 ± 1.3 
10200 9000 6 1.0 ± 0.8 9450 12480 0 - 9.5 ± 1.3 l 
10200 10000 6 0.9 ± 1.0 9450 12480 6 1.8 ± 0.9 l 
10200 11600 6 .• 2 .3 :!:. 1.5 9400 8600 6 - 1.0 ± 0.9 I 
10200 11800 0 124.8 ± 3.8 9400 12000 6 1.0 ± 1.0 I 
10200 11800 6 224.1 ± 4.2 9400 12600 4 2.5 ± 0.8 s 
10200 11800 12 194.4 ± 5.4 9350 12350 0 6.3 ± 1.3 8 

~10200 11800 15 .,.U.S •. $.± 5.1 9350 12350 6 1.4 ± 0.8 -10200 12200 6 1.9 ± 1.0 9300 12175 0 . 13.7 ± 1.4 
10200 12600 4 • 0.3 9300 12175 6 2.3 ± 1.2 thl 
10125 9515 0 155.9 ;t 3.8 9280 11980 0 20.4 ± 1.9 
10125 9515 6 8.2 ± 2.4 9280 11980 5 5.1 ± 1.3 
10125 95i5 10 5.4 ± 1.9 9275 11800 0 4.0 ± 1.5 
10059 12775 0 5.9 ± 1.1 9240 7400 6 0.6 ± 0.7 
10059 12775 6 0.7 ;t 0.7 9200 12000 6 • 0.2 
10010 12565 0 5.5 ± 1.2 9200 12400 6 3.0 ± 1.0 
10010 12565 3 0.6 ± 0.8 9000 7600 6 0.8 :t 0.7 
10000 7800' 6 0.9 ± 0.7 9000 7800 6 0.7 ± 0.8 
10000 8300 6 2.2 ± 0.1 9000 11600 6 1.2 ± 0.8 
10000 .. 8500 6 1.3± 0.8 9000 12200 6 0.3 ± 0.7 
10000- 8700 6 1.1 ± 0.9 8800 7200 6 1.3 ± 0.7 
10000 8900 6 1.7± 0.9 8800 7600 6 2.0 ± 0.7 
10000 9200 6 510.8 ± 8.2 8800 7800 2 1.4 ± 0.7 

*There is at least 95 percent confidence that the true value is less than 
the measurement reported. .,. 
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Table D-1 (continued) 

-t 
6;. Coordinates Coordinaus Depth 

L. North East North East 

.2 . 8800 11000 6 1.a ± 0.9 a200 10000 6 1.0 ± o.a 

.7 8800 11400 6 2.-4 ± 0.9 8200 10400 6 3.0 ± o.a 

.a . 8800 11800 6 1.7:!:. 0.9 8000 7200 6 1.0:!:. 0.7 
• 3 . 8790 1400 - . 6 1.-4:!:. 0.9 8000 1400 6 0.4:!:. 0.6 
.4 .; 8600 7200 6 1.1:!:. 0.7 8000 1600 6 21.6:!:. 2.1 
.7 8600 7400 6 1.0:!:. o.a .. 8000 ··- -7600 ·-·12 3.1:!:. 1.7 
.3 8600 7600 6 1.8 ± 0.9 aooo . 7aOO 6 2.5 ± 0.9 
.o 8600 7aoo 6 0.7 :!:. 0.7 8000 a400 6· 3.5 ± 2.2 
.2 8600 10400 6 .2.3 ± 1.3 aooo 8600 6 2·.9 ± 1.3 
.7 . 8600 10800 6 2.9 ± 1.0 8000 9000 6 0.1:!:. 0.7 
.5 8600 11200 6 0.7 :!:. 0.7 aooo 9600 6 1.1:!:. o .a 
.9 .. 8400 7200 6 1.0:!:. 0.7 1800 1400 6 1.0 ± o.a 
.9 8400 7200 6 1.0:!:. o.a 7800 1600 6 14.0 ± 2.1 
.9 . 8400 7400 6" 1.a:!:. 1.3 7800 1600 12 3.3 ± 1.6 
.1 8400 7600 6 ·. 1.2:!:. o.a 7800 7800 6 5.7 :!:. 1.a 
.o 8400 7800 ,. 

1.a:!:. 0.9 ?aoo 7800 12 1.3:!:. 1.5 
.o 8400 8800 . 6 a.3 :!:. 1.7 7800 aooo 6 0.2 ± 0.7 
.9 8400 a800 a 1.9:!:. 1.5 7800 a200 6 4.2 ± 1.7 
.7 8400 9600 ~ 2.1 :!:. 1.0 7800 8200 12 2.7 ± 1.2 
,8 8400 10000 6 4.2:!:. 0.9 7800 a-400 6 2.7 ± 1.3 
.2 8400 10400 6 1.9 :!:. 0.7 7800 a800 6 1.7 :!:. 0.8 
.a 8200 7200 6 2.0:!:. 0.8 7800 9200 6 3.1:!:. 0.8 
4 8200 7400 6 1.5 :!:. 0.9 7600 1635 6 13.7:!:. 1.1 
.3 8200 7600 6 • 0.1 7600 7635 12 5.0:!:. 1.4 
3 8200. 7800 6 1.3 :!:. 0.9 7600 7635 1a .2.a:!:. 1.4 
9 8200 8600 4 1.4:!:. o.a 7600 7800 ' 6 0.7:!:. 0.6 
.9 . 8200 8800 6 14.3 :!:. 1.6 7600 8000 6 0.9:!:. o .a 
0 8200 a800 12 13.2 ± 1.6 7600 8200 6 0.5:!:. 0.7 
8 8200 asoo 18 1.6 ± 1.2 7600 a400 6 16.4 :!:. 4.2 
5 8200 9200 6 2.2:!:. 1.0 7600 a400 12 • 0.1 
a 

• *There is at least 95 percent confidence that tho true value is less than 
t the measurement reported. 
g 
3 

• I 
I 

·· .. ·•. 

T 

D-3 



',I 
'' 

:I 

;,,': 

t':':c··:, 
~';- .. 
I 

.. -

,, 
i: 

'· 
''' 

' ' 

'· 



._,.: 

' ! 
\ ,, 
I 
\ 

r. ---
'• .. ; ~(_;( ~ I 

' .. · ·. :'!"' 

N 1/;-s-o 
G- 1 1 63\> 

1J 1 1 55V 
C1h3o· 

HO. DATE 

DRAWN 

REVISIONS BY CK 

u. s. 

····· -----~-····- --------L-~_JL_~,.1_q_.J. 

~~ q,~?.--0 

e 1t,J 1-o 

_JJ 'Z·.:. 00 

~'~1 !'I 

r:/1--" I r6 
/of-'l7jsG. 

DEPARTMENT OF ENERGY 
ALBUQUERQUE, NEW MEXICO 

l!\ I L l>J (., ',. 

DOE: PROJECT ENGINEER OAT E 

PROJECT NO. 

:coE; AC04~ S3AL1,87 9.6. 
DRAWING NO. REV. 
1/;11. r ,, . 1 r)- ,c/,7 



NII,OOO J 
N 

---------~----------~-.•• ----n . .j It 

I' 
I' NIO:eio'·-·-~~~~~~~~~~~~~~~1-~~~~~~~~----~~~~~~~:: 

E 8,170 

N10,520 
E 8,110 

"' w PRELIMINARY REVIEW 
E 8 0 MANAGER CHIEF ENGINEER OA MANAGER 

N 10,270 
E 12,950 

'' 
-UPPER TAILINGS PILE 

EXCAVATION PLAN. 

HAT- PS -10-0916 FINAL SITE GRADING 
AND DRAINAGE PLAN. 

llll~ ~--n~ .,;:.~ t.:.. 
'P~ OF- g_ev 0 I 

..--- ..... __ ......... \ 

A4 ) -------

3. SUBCONTRACTOR SHALL EXCAVATE TAILINGS 
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EMBANKMENT PRIOR TO THE PLACEMENT OF 
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SITE ID: HAT01 LOCATIOt'l ID: ~020) => ~ote.•AJr;., 1-IA-T-ol- 13S" C.!M7o1- ~o) 
GROUND WATER DEPTH: 50.0 CFT.) AVERAGE SOIL WEIGHT: 100.0 <PSF) 

AVG. AVG. UNO. 
- DEPTH - AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0.0 1 • a 1 . 0 15.2 0. 1 -0.2 0.8 S-SL* 5 37 30 53 1827 
2 1 . 0 2.0 1 • 0 6. 7. 0. 1 -0. 1 1 . 8 SLit1 4 23 798 13.9 
3 2.0 3. 1 1 . 1 15.9 0.2 -0. 1 '1 . 4 S-SL* 5 38 30 ·56 1905 ... 
4 3.2 6.5 3.3 10. 1 0.2 -0. 1 '2 .4 SLIM 6 35 1208 7.9 
5 6.5 9.3 2.8 27.2 0.2 0.0 0.7 S-SL* 9 53 32 95 3265 
6 9.4 10.3 0.9 13.3 0.2 0.0 1 . 4 S-SL 4 29 29 47 1599 
7 10.3 11 . 3 1. 0 31.7 0.2 0.0 . 0. 6 S-SL* 10 51 32 1 1 1 3800 

Y. THK: 61 - 6.8 . 22.4 0.2· -0.0 0.9 S-SL 7 44 3.1 78 2691 
Y. THK: 38 4.3 9.3 0.2 -0. 1 2.3 SLIM 5 32 1112 9.3 



"J> ;E£o coA.J~ t\JO • 1-14Tol- =.t~ 

SITE ID: HAT01 . LOCATION ID G.:10.-1:> /.Jo,<.t~vc;: J147-.:JI-I$Z. (11/fTo!-IS"') 

GROUND WATER DEPTH: 50.0 <FT.) AVERAGE SOIL WEIGHT: 100.0 (PSF) 

AVG. AVG. UND. 
·- DEPTH - "AVG. AVG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR· 

1 0.2· 2.4 2.2 7.1 0.2 0.0 2.9 SLIM 4 25 846 16.2 
2 2.4 3. 1 0.7 25.2 0.4 0. 1 .1. 6 S-i:-SL* 8 52 32 88 3021 .. 
3 3. •1 5.7 2.6 8.9 0.2 0. 1 2.3 SLIM 5 31 1071 7.6 
4 5.8 7.2 1. 4 27.5 0.3 0.2 1. 3 S-SL* 9 54 32 96 3294 
5 7.2 9. 1 1 • 9 14. 1 0.3 0.2 2. 1 SLIM 9 49 1697 6 .6· 
6 9. 1 10.6 1. 4 28.8 0.2 0.3 ·0. 8 S-SL* 9 50 32 101 3456 
7 10.6 11 • 7 1 • 1 16.8 0.3 0.3 1.9 SLIM 1 1 59 2015 5.0 
8 11.8 16.5 4.8 27.3 0.4 0.3 1 .3 ,S-SL*' 9 41 30 95 3270 ' 

9 16.6 18.4 1 • 9 49.0 0.5 0.3 1.0 SAND* 9 54 32 172 
10 18.5 19.9 1. 4 28.0 0.4 0.3 1.5 S-SL* 9 36 29 98 3355 
1 1 19.9 22.0 2. 1 42.6 0.5 0.4 1 . 1 S-SL* 14 46 31 149 5109 
12 22.0 22.7 0.7 17.5 0.3 0.3 1. 9 S-SL 5 23 28 61 2101 
13 22.8 25.1 2.4 16.9 0.2 0.4 0.9 S-SL* 5 21 28 59 2024 

~ THK: · 7 1. 9 49.0 0.5 0.3 1 . 0 SAND 9 54 32 172 
~ THK: 60 14.9 27.4 0.3 0.3 1 . 2 S-SL 8 39 30 95 3289 
~ THK: 31 7.8 10.8 0.2 0. 1 2.4 SLIM 6 37 1293 9.4 

. ):, ,, 
~ ll\ ~- ~ ~ 
~-~~t~ 
c:- --(\ t. r } 

~ . . ---- "::::;. ......... ,.__ ~ "" ~ "' 
(') ....... ~ ('). 

~ <.:tl~~ (1 (j) ... ~ ~ .,,_ 

0 0 0 
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SITE ID: HAT01 LOCATION ID:~==....I3~tN<>= t-/11r-cl-n3 (114Tot-'~) 
GROUtJD WATER DEPTH: 50.0 (FT.) AVERAGE SOIL WETGHT: 100.0 CPSF) 

AVG. AIJG. UNO. 
- DEPTH - AIJG. AIJG. PORE FRICT. SOIL SHEAR 

LY FROM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN FA ELAS. STREN OCR 

1 0. 1 5.5 5.4 8.2 0.3 -0.0 3. 1 SLIM 5 29 989 10. 1 
5.6 

I 

2 7.0 1 • 4 26.2 .0.3 0. 1 1 • 3 S-SL* 8 53 32 92 3139 
3 7.0 9.3 2.4 13. 1 0.4 0. 1 2.7 SLIM 8 46 1575 6.2 
4 9.4 11.5 2. 1 40.7 0.4 0. 1 0.9 SAND* 8', 60 33 143 
5 11 • 5 12.5 0.9 36.5 0.6 0. 1 1 • 6 S-SL* 12 53 32 128 4376 
6 12.5 13.0 0.5 13.8 0.5 0. 1 3.3 SLIM 9 48 1660 3.7 
7 13.0 17.3 4.3 31.8 0.4 0. 1 . 1 . 1 s'-SL* 10 44 31 1 1 1 3812 
8 17.3 19.4 2. 1 17.5 0.4 0. 1 2.5 SLIM 1 1 61 2094 2.8 
9 19.4 20.1 0.7 35.6 0.5 0.2 1. 4 S-SL* 1 1 42 30 124 4268 

10 20.1 21.8 1 • 6 12.8 0.5 0.2 4.0 SLIM 8 45 1536 1 . 9 
1 1 21.8 23.2 1 . 4 24.4 0.5 0 .• 2 2.0 SLit1 16 85 2923 2.7 
12 23.3 30.4 7. 1 8.4 0.2 2.5 2.9 SLIM 5 29 1006 1 . 0 
13 30.4 31.3 0.9 28.6 0.4 1 • 8 1 . 3 S-SL* 9 29 29 100 3426 
14 31.4 31.8 0.5 15.0 0. 1 1. 6 1. 0 S-SL* .. 4. 16 26 52 1797 

" THK: 6 2.1 40.7 0.4 0. 1 0.9 ·sAtiD 8 60 33 143 
" THK:. 27 8.7 30.4 0.4 0.4 1 . 2 S-SL 9 43 31 106 3643 
" THK: 65 20.5 11.4 0.3 0.9 2.9 SLir·1 7 39 1367 4.4 
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SITE ID: HAT01 LOCATIOli ID :~~ /3oi(.,'-J~ 1/AT-~1- 13ft, ( MTI!I~~J) 
GROUND WATER DtPTH: 

-..: .... -
50.0 <FT.) AVERAGE SOIL WEIGHT:· 1 00. 0 <PSF) 

AVG. AVG. UNO. 
- DEPTH - - AUG. AVG. PORE FRICT. SOIL SHEAR 

LY FR.OM TO THK. POINT SLEEVE PRESS. RATIO CLASS BC DEN· FA ELAS. STREN OCR 

1 0.0 7.2 7.2 6.4 0.2 0.3 3. 1 SLIM 4 22 769 7.0 
2 7.2 8.2 1 .. 0 16.6 0. 3. 0.5 ' 1 . 6 S-SL. 5 39 30 58 1987 
3 8.2 14. 1 5.8 6.6 0.2 0.7 2.5 SLIM 4 23 792 2.6 
4 14. 1 16.0 1. 9 27.7 0.3 1. 0 1. 2 S-SL* 9 41 30 97 3330 
5 16.0 23.6 7.6 4.5 . 0. 2 . 2. 1 3 . .5 SLIM 2 16 537 0.9 

% THK: 12 2.9 23.9 0.3 0.8 1 . 3 S-SL 7 40 30 83 2866 
. % THK: 87 20.6 5.8 0.2 1 . 1 3.1 SLIM 3 20 689 3.5 
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Fig. 5.14. Variation of q /N Ratio with ~ean Grain Size c 
(After Robertson et al., 1983) 
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** MORRISON I KNUDSEN ENGINEERS, INC. 26-MAY-88 **11: 14:51 **DATA** 
************************************************************************ 
** UMTRA MEXICAN HAT ** 
** WEST DITCH WITH SHADOW MOUNTAIN ROCK f(M ~1!6/~P ** 
TIME COt'lCENTRATION FROM EI'-1BANKMENT 9. 500 ,A-BH 6-3.- ~Q. 

ROCK SPECIFIC GRAVITY (~ ~6Vo~ 
ROCK POROSITY 

ROCK FRICTION ANGLE 

WATER UNIT WEIGHT 

G 

H 

z 

BOTTOM DITCH 
THETA WIDTH LENGTH 

DITCH SEC <DEG> <FT> <FT> 
----- ------ ------- --------

1 1 11. 3 10. 0 341. 0 
1 2 11. 3 10.0 150.0 
1 3 11. 3 10. 0 100.0 
1 4 11. 3 10. 0 209. 0 
1 ·5 11. 3 10.0 200. 0 
1 6 11. 3 10. 0 118.0 
1 7 11. 3 10. 0 167. 0 
1 8 11. 3 10. 0 40. 0 
1 9 11. 3 20.0 50. 0 
1 10 11. 3 30.0 50. 0 
1 11 11. 3 30. 0 25. 0 

0.001 

42.000 

62.400 

SHED HYDR 
AREA LENGTH 

<ACRES> <FT> 
------- --------
38.6 341. 0 
41. 6 150. 0 
80. 7 100. 0 
86. 1 209. 0 
93. 2 200. 0 
97. 1 118. 0 
98.8 167. 0 
99. 1 40. 0 
99. 8 50.0 

100. 1 50. 0 
100.2 25. 0 

JJ;'f~ 1':w R~vo 1 -
;a ~ /0 cl-11. 

START 
SLOPE SHEAR ROCK 
( 'Y. ) COEFF <FT> 
----- ----- ------

0. 5 1.6 0. 10 
0. 5 1.6 0. 10 
0. 5 1.6 0. 10 
0. 5 1.6 0. 10 
0. 5 1.6 0. 10 
0. 5 1.6 0. 10 
0. 5 1.6 0. 10 
0. 5 1.6 0. 10 
0. 5 1.6 0. 10 
0. 5 1.6 0. 10 
0. 5 1.6 0. 10 
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** MORRISON I KNUDSEN ENGINEERS, INC. 26-MAY-88 **11: 14:51 ** PAGE 1 
************************************************************~*********** 
** UMTRA MEXICAN HAT IIIII ~ z&,il ** 
** WEST DITCH WITH SHADOW MOUNTAIN ROCK h~ ~-~-R~ ** 
************************************************************************ 
** ** 
** DITCH NO: 1 <SECTION 1) ** 
** -----·------- ** 
** WATERSHED AREA <ACRES>: 38. 600 ** 
** DITCH LENGTH <FEET ) : 341. 000 ** 
** HYDRAULIC LENGTH <FEET ) : 341. 000 ** 
** SIDE SLOPE (DEG. ) : 11. 300 ** 
** BOTTOM WIDTH <FEET ) ; 10. 000 ** 
** LONGITUDINAL SLOPE (/. ) : 0. 500 ** 
** ** 
** K=D50 y N GV GD v T IPMP SAFETY ** 
** (IN> <FT> (CFS> <CFS> <FT/SEC> <MIN> <IN/HR> FACTOR ** 
** ------ ----- ------ ------ ------- -------- ------ ------- ------ ** 
** 3. 36 4. 60 0. 026 0.01 1176.04 7. 74 10.23 30.47 1. 00 ** 
** ** 
************************************************************************ 
************************************************************************ 
** ** 
** DITCH NO: 1 <SECTION 2> ** 
** ------------ ** 
** WATERSHED AREA <ACRES>: 41. 600 ** 
** DITCH LENGTH <FEET ) : 150.000 ** 
** HYDRAULIC LENGTH <FEET ) : 150.000 ** 
** SIDE SLOPE <DEG. ) : 11. 300 ** 
** BOTTOM WIDTH <FEET ) : 10.000 ** 
** LONGITUDINAL SLOPE ('X. ) : 0. 500 ** 
** ** 
** K=D50 y N GV GD v T IPMP SAFETY ** 
** (IN) <FT> <CFS> <CFS> <FT/SEC> <MIN> <IN/HR> FACTOR ** 
** ------ ----- ------ ------ ------- -------- ------ ------- ------ ** 
** 3.48 4.80 0.026 0. 01 1249.91 7.65 10. 56 30.05 1. 00 ** 
** ** 
************************************************************************ 
************************************************************************ 
** ** 
** DITCH NO: 1 ~SECTION 3) ** 
** ------------ ** 
** WATERSHED AREA <ACRES>: 80.700 ** 
** DITCH LENGTH <FEET ) : 100.000 ** 
** HYDRAULIC LENGTH <FEET ) : 100.000 ** 
** SIDE SLOPE <DEG. ) : 11. 300 ** 
** BOTTOM WIDTH <FEET ) ; 10. 000 ** 
** LONGITUDINAL SLOPE (/. ) : 0. 500. ** 
** ** 
** K=D50 y N GV GD v T IPMP SAFETY ** 
** <IN> <FT> <CFS> <CFS) <FT/SEC> <MIN> ( IN/HR > FACTOR ** 
** ------ ----- ------ ------ ------- -------- ------ ------- ------ ** 
** 4. 51 6.40 0.027 0.01 2397.68 8.91 10.75 29. 71 1. 00 ** 
** ** 
************************************************************************ 



** MORRISON I KNUDSEN ENGINEERS~ INC. 26-MAY-88 **11: 14:51 ** PAGE 2 
************************************************************************ 
** UMTRA MEXICAN HAT #Ill ~ a6/ ?I ** 
** WEST DITCH WITH SHADOW MOUNTAIN ROCK Ai!:>ff- ~ -3- ~g · ** 
************************************************************************ 
** ** 
** DITCH NO: 1 <SECTION 4) ** 
** ------------ ** 
** WATERSHED AREA (ACRES): 86. 100 ** 
** DITCH LENGTH <FEET ) : 209. 000 ** 
** HYDRAULIC LENGTH <FEET ) : 209.000 ** 
** SIDE SLOPE <DEG. ) : 11. 300 ** 
** BOTTOM WIDTH <FEET ) : 10. 000 ** 
** LONGITUDINAL SLOPE (% ) : 0. 500 ** 
** ** 
** K=D50 y N GV GD v T IPMP SAFETY ** 
** (IN> <FT> (CFS) <CFS> <FT/SEC> <MIN> <IN/HR> FACTOR ** 
** ------ ----- ------ ------ ------- -------- ------ ------- ------ ** 
** 4. 63 6. 60 0. 027 0. 01 2510. 67 8.84 11. 14 29. 16 1. 00 ** 
** ** 
************************************************************************ 
************************************************************************ 
** ** 
** DITCH NO: 1 <SECTION 5) ** 
** ------------ ** 
** WATERSHED AREA <ACRES>: 93. 200 ** 
** DITCH LENGTH <FEET ) : 200. 000 ** 
** HYDRAULIC LENGTH <FEET ) : 200. 000 ** 
** SIDE SLOPE <DEG. ) : 11. 300 ** 
** BOTTOM WIDTH <FEET ) : 10. 000 ** 
** LONGITUDINAL SLOPE ('l., ) : 0. 500 ** 
** ** 
** K=D50 y N GV GD v T IPMP SAFETY ** 
** <IN> <FT> <CFS> <CFS) <FT/SEC> <MIN> <IN/HR> FACTOR ** 
** ------ ----- ~----- ------ ------- -------- ------ ------- ------ ** 
** 4.68 6. 70 0.027 0. 01 2665.69 9. 14 11. 51 28.60 1. 00 ** 
** ** 
************************************************************************ 
************************************************************************ 
** ** 
** DITCH NO: 1 <SECTION 6) ** 
** ------------ ** 
** WATERSHED AREA (ACRES>: 97. 100 ** 
** DITCH LENGTH <FEET ) : 118.000 ** 
** HYDRAULIC LENGTH <FEET ) : 118.000 ** 
** SIDE SLOPE <DEG. ) : 11. 300 ** 
** BOTTOM WIDTH <FEET ) : 10. 000 ** 
** LONGITUDINAL SLOPE ('l., ) : 0. 500 ** 
** ** 
** K=D50 y N GV GD v T IPMP SAFETY ** 
** <IN> <FT> <CFS> <CFS> <FT/SEC> <MIN> <IN/HR> FACTOR ** 
** ------ ----- ------ ------ ------- -------- ------ ------- ------ ** 
** 4. 75 6.80 0.028 0. 01 2744. 52 9. 17 11. 72 28.26 1. 00 ** 
** ** 
************************************************************************ 



** MORRISON I KNUDSEN ENGINEERS, INC. 26-MAY-88 **11: 14:51 ** PAGE 3 
**************************'~***************************************tl****** 
** UMTRA MEXICAN HAT HM tUNf 2(. fY ** 
** WEST DITCH WITH SHADOW MOUNTAIN ROCK A-EJ b-3.- ** 
************************************************************************ 
** ** 
** DITCH NO: 1 <SECTION 7) ·!!-* 
** ------------ ** 
** WATERSHED AREA <ACRES>: 98. 800 ** 
** DITCH LENGTH <FEET ) : 167.000 ** 
** HYDRAULIC LENGTH <FEET ) : 167.000 ** 
** SIDE SLOPE <DEG. ) : 11. 300 ** 
** BOTTOM WIDTH <FEET ) : 10.000 ** 
** LONGITUDINAL SLOPE (f. ) : 0. 500 ** 
** ** 
** K=D50 y N GV GD v T IPMP SAFETY ** 
** (IN> <FT> <CFS> <CFS> <FT/SEC> <MIN> <IN/HR> FACTOR ** 
** ------ ----- ------ ------ ------- -------- ------ ------- ------ ** 
** 4. 75 6. 80 0. 028 0. 01 2752. 48 9. 19 12. 02 27.86 1. 00 ** 
** ** 
***********~************************************************************ 
************************************************************************ 
** ** 
** DITCH NO: 1 <SECTION 8) ** 
** ------------ ** 
** WATERSHED AREA <ACRES): 99. 100 ** 
** DITCH LENGTH <FEET ) : 40.000 ** 
** HYDRAULIC LENGTH <FEET ) : 40. 000 ** 
** SIDE SLOPE <DEG. ) : 11.300 ** 
** BOTTOM WIDTH <FEET ) : 10.000 ** 
** LONGITUDINAL SLOPE (i. ) : 0. 500 ** 
** ** 
** K=D50 y N GV GD v T IPMP SAFETY ** 
** <IN> <FT> (CFS) <CFS> <FT/SEC> <MIN> <IN/HR> FACTOR ** 
** ------ ----- ------ ------ ------- -------- ------ ------- ------ ** 
** 4. 75 6.80 0. 028 0.01 2745.99 9. 17 12. 10 27. 71 1. 00 ** 
** ** 
************************************************************************ 
************************************************************************ 
** ** 
** DITCH NO: 1 <SECTION 9) ** 
** ------------ ** 
** WATERSHED AREA <ACRES>: 99.800 ** 
** DITCH LENGTH <FEET ) : 50.000 ** 
** HYDRAULIC LENGTH <FEET ) : 50. 000 ** ' ** SIDE SLOPE <DEG. ) : 11.300 ** 
** BOTTOM WIDTH <FEET ) : 20.000 ** 
** LONGITUDINAL SLOPE (i. ) : 0. 500 ** 
** ** 
** K=D50 y N GV GD v T IPMP SAFETY ** 
** <IN) <FT> <CFS> <CFS> <FT/SEC> <MIN> <IN/HR> FACTOR ** 
** ------ ----- ------ ------ ------- -------- ------ ------- ------ ** 
** 4.73 6. 10 0.027 0..01 2753.45 8.93 12. 19 27. 59 1. 00 ** 
** ** 
************************************************************************ 



** MORRISON I KNUDSEN ENGINEERS, INC. 26-MAY-88 **11: 14:51 **PAGE 4 
************************************************************************ 
** UMTRA MEXICAN HAT HM ~~6/11 ** 
** WEST DITCH WITH SHADOW MOUNTAIN ROCK ~tf ~-3 -R8 .._ ** 
************************************************************************ 
** ** 
** DITCH NO: 1 <SECTION10) ** 
** ------------ ** 
** WATERSHED AREA (ACRES>: 100. 100 ** 
** DITCH LENGTH <FEET ) : 50. 000 ** 
** HYDRAULIC LENGTH <FEET ) : 50.000 ** 
** SIDE SLOPE <DEG. ) : 11. 300 ** 
** BOTTOM WIDTH <FEET ) : 30. 000 ** 
** LONGITUDINAL SLOPE (/. ) : 0. 500 ** 
** ** 
** K=D50 y N GV GD v T IPMP SAFETY ** 
** <IN> <FT> <CFS) <CFS> <FT/SEC> <MIN> < IN/HR > FACTOR ** 
** ------ ----- ------ ------ ------- -------- ------ ------- ------ ** 
** 4. 56 5. 40 0. 027 0. 01 2749. 08 8. 93 12. 28 27. 46 1. 00 ** 
** ** 
************************************************************************ 
************************************************************************ 
** ** 
** DITCH NO: 1 <SECTION11> ** 
** ------------ ** 
** WATERSHED AREA (ACRES>: 100. 200 ** 
** DITCH LENGTH <FEET ) : 25. 000 ** 
** HYDRAULIC.LENGTH <FEET ) : 25. 000 ** 
** SIDE SLOPE <DEG. ) : 11. 300 ** 
** BOTTOM WIDTH <FEET ) : 30.000 ** 
** LONGITUDINAL SLOPE (% ) : 0. 500 ** 
** ** 
** K=D50 y N GV GD v T IPMP SAFETY ** 
** <IN> <FT> <CFS> <CFS> <FT/SEC> <MIN> <IN/HR> FACTOR ** 
** ------ ----- ------ ------ ------- -------- ------ ------- ------ ** 
** 4. 56 5.40 0.027 0.01 2744.49 8.91 12. 33 27. 39 1. 00 ** 
** ** 
***********************************************************************~ 
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Calculation No. 

HAT-07-91-14-02-00 

TABLE OF CONTENTS 

Title 

Slug Test Analyses for Monitor Wells: Mexican Hat 
Processing/Disposal Site 

HAT-07-91-14-03-00 Analyses of Packer Tests at Mexican Hat UMTRA Site 

HAT-09-91-14-06-00 Hydraulic Gradients and Groundwater Velocities for 
the Halgaito Shale Formation and the Honaker Trail 
Formation, Mexican Hat Site, Utah 

HAT-11-91-12-02 Volume of Released Water 

MON-08-92-14-03-00 Aquifer Pumping Test Analysis of Monitor Well 651 

MON-08-92-14-02-00 Slug Test Analysis to Determine Hydraulic 
Conductivity 

MON-01-11-92-14-06/07-00 Gradient Calculations at Monument Valley UMTRA Site 
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··-

SLUG TEST SOLUTIONS 

****************************************************************** 
WELL IDENTIFICATION- HATOl-909 
DATE OF FIELD TEST- DB/14/85 
LENGTH OF CONTRIBUTING INTERVAL,(L)= 
SKJBITSKE-METHOD 
FOR DISCHARGE(Q)= .OS 
RES! DUAL DRAW DOWN ( & 1 

) = . 01 tiT 

TIME TO RESIDUAL ORAWOOWN(t)• 36~·~ 

20 
f.- 1 - 1-n-s. L -1:-

****************************************************************** 
THE CALCULATED HYDRAULIC CONDUCTIVITY(K)= . S.S2621E-04~"'•-.J r. c.so'cTI~•y / 
****************************************************************** ~~~ 

0~ .:..;· .. /-,, 
-f I,., I! 
. ' 



SLUG TEST SOLUTIONS 

** *************************************************************** 
ELL IFICATION- HAT01-909 

DATE OF FIE EST- 08/14/8S , 
LENGTH OF CONTR ING INTERVAL,(L)= 20 
SKIBITSKE METHOD . 
FOR DISCHARGE(Q)= .OS 
RESIDUAL DRAWDOWN(sJ)= .0 
TIME TO RESIDUAL DRAWDOWN(t)= ..... ~ 
********************************* **************************~ 
THE CALCULATED HYDRAULIC CONOUCTIVIT 9.94719E-04 ""1",~ ~c.~ fT/o,.y 
**************************************** *********************** 

****************************************************************** 
WELL IDENTIFICATION- HATD1-909 
DATE OF FIELD TEST- 08/14/8S _ 
LENGTH OF CONTRIBUTING INTERVAL,(L)= 20 
FERRIS-KNOWLES METHOD · 
FOR: DISCHARGE(Q)= .OS 
RECIPROCAL TIME ( 1/ t) • . 4 '/,...,~ 
DRAWDOWN ( s )= . S ~ 
****************************************************************** 
THE CALCULATED HYDRAULIC CONDUCTIVITY(K)= 1.S91SSE-04 rr'rJ,..,~c o.~)FT/~ 

• 

******************************************************************~ 

i/ c;; . . 'rA1l' l<t J 

• ****************************************************************** 
WELL IDENTIFICATION- HATD1-909 
DATE OF FJELD TEST- 08/14/8S 
LENGTH OF CONTRIBUTING INTERVAL,(L)= 
COOPER-BREDEHOEFT-PAPADOPULOS METHOD 
FOR:WELL RADIUS {Rc)= .083 

20 

TIME ( t >= 9S..- ~ec:,.. 
****************************************************************** 
THE CALCULATED HYDRAULIC CONDUCTIVITY(K)= 3.62S79E-Ooi'T/-., .. o.!.f ~~~A'/f / 

. ~C<... / .. 

V"~ y_fl 
· v- 7 j;d/cn 

• 
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COOPER.BREDEHOEFT,PAPADOPULOS SLUG TEST ANALYSIS 
SITE:HATOl LOCATION:909 DAT£:04/t0/85 

-

\ 
\ 

• 
• 

• 
~. 

• •• -j 

~ . ~~"' • • • • ~ 

I 2 3 4 
10 10 10 10 

TillE (SEC) 

cl.uzk~o~_ Jy JC-4/t~/"u//o 

2/6/t!5 

~~~ • .~ ~ " ~ -
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.. 
WELL IDENTIFICATION- HAT01-909 
DATE OF FIELD TEST- 04/10/B~ 

LENGTH OF CONTRIBUTING INTERVAL, <L>= 
SKIBITSKE METHOD 
FOR DISCHARGE<O>• .0~ 

RESIDUAL DRAWDOWN<s'>= .09~ 
TIME TO RES"IDUAL DRAWDOWN<t>= 186Q .... ..a 

20 

****************************************************************** 
THE CALCULATED HYDRAULIC CONDUCTIVITY<K>= 1. 1BB43E-Oo ~1 ...... :. o.oo2. ,-; 
***********************************************************~**** 

YJr<,: 
-:;-);o/0. \ 

VCAf 

****************************************************************** 
WELL IDENTIFICATION- HATOl-909 
DATE OF FIELD TEST- 04/10/85 
LENGTH OF CONTRIBUTING INTERVAL, (L)= 20 
FERRIS-KNOWLES METHOD 
FOR: DISCHARGE<O>= .05 
RECIPROCAL TIME< 1/t >• . 2 ,...,,.. 
DRAWDOWN <s>= .6" 
****************************************************************** 
THE CALCULATED HYDRAULIC CONDUCTIVITY<K>= 6. 63146E-05 "'i,.,,,.. a o.IO "lo 
*************************************************************~* 

. rtJ 
. . V"' Cc;...<: 

****************************************************************~ 
WELL IDENTIFICATION- HAT01-909 
DATE OF FIELD TEST- 04/10/85 
LENGTH OF CONTRIBUTING INTERVAL, <L>= 20 
COOPER-BREDEHOEFT-PAPADOPULOS METHOD 
FOR: WELL RADIUS <Rc >= . 0841'T. 
TIME< t >• 250 ~u... 
****************************************************************** 
THE CALCULATED HYDRAULIC CONDUCTIVITY<K>= 1. 4112E-Oo~l.c.t. •• 0.12. "'"IDtt. 
****************************************************************1* 
. v( /~ 

tAf :r/JdA 



. ... l 

' 
~ 

• #Jdl 
t a:· SLUG TEST DATA ~6 i ·• ~· • . '· SITE: HAT01 I'IEXICAN HAT dt'-'tcd iJ1 Sa>J:, 
~--.;;: LOCATION: 909 1/6/3$ . 
l. ·I DATE: 04/10/85 • -.:• 

.~.: 
GROUND UATER RESIDUAL , ---- ELAPSED TI"E ---- DEPTH DRAUDOUN H(TJ/HO 

UIINJ [i/I'IINJ [SECJ [FT.J [FT.J [FT./FT.J 

J .oo .ooooo 0 36.94 .oo .oooo 

i.OO i.OOOOO 60 38.46 -1.52 -.6632 

a 1.50 .66667 90 38. i9 -1.25 -.5454 

t: 
2.00 .50000 120 38.07 -1.13 -.4931 

2.50 .40000 150 37.94 -1.00 -.4363 .. 
• 3.00 .33333 180 37.80 -.86 -.3752 

..:.· 3.50 .28571 210 37.7'1 -.77 -.3360 

.· • 4.00 .25000 240. 37.65 -.71 -.3098 

' ~ 4.50 .22222 270 37.57 -.63 -.2749 

5.00 .20000 300 37.57 -.63 -.2749 

5.50 .18182 330 37.51 -.57 -.2487 

6.00 .16667 360 37.48 -.54 -.2356 

6.50 .15385 390 37.43 -.49 -.2138 

• 7.00 .14286 420 37.41 -.47 -.2051 

7.50 .13333 450 37.40 -.46 -.2007 

8.00 .'12500 480 37.40 -.46 -.2007 

8.50 .11765 510 37.38 -.44 -.1920 
·:ot 9.00 .11111 540 37.38 -.44 -.1920 

1 9.50 .10526 570 37.36 -.42 -.1833 • ~ 11.00 .09091 660 37.31 -.37 -. 1614 
12.00 .08333 720 37.30 -.36 -. 1571 

., 13.00 .07692 780 37.29 -.35 -.1527 
14.00 .07143 840 37.29 -.35 -.1527 

15.00 .06667 900 37.28 -.34 -.1484 
20.00 .osooo 1200 37.27 -.33 -.1440 

25.00 .04000 1500 37.27 -.33 -.1440 
30.00 .03333 1800 37.24 -.30 -.1309 

60.00 .01667 3600 37.19 -.25 -.1091 
120.00 .00833 7200 37.16 -.22 -.0960 

. -~8o...o.o_ ___ • oo5s6._ ... 1o8oo 37.10 -.16 -.0698 
•· 

1860.00 .00054 11.1.60.0 37.03 -.09 -.0393 
.,4T4 Fl~ .. 

-/ 

UI'ITRA*EZP LO~- c.F.JOH.a.l FERRIS-t{NOULES 
HVORSLEV UMTRA•EZPLOTH005 
BOULER-RICE UMTRA•EZPLOTH006 
COOPER, BREDHOEFT, PAPADOPULOS UMTRA•EZPLOTH007-~oNl 

@@NOPR 

.. 

• 



.. ., . 

WE JACC>eS ENGINEERING GROUP ~C .. 
'" [ ADVA.NCID IYitUill DIVISION, ALIUQUINUI O'IIA.fiONI ..........,_, . .. 

SLUG TEST QAT A 

s1TE ao: H 9 \~ l LOCATION 10: 9o9 
SLUG VOLUME Ut.~); _.JI./._...~d5'"""'...,F[.__~ --
INITIAL WATER LEVEL: 

DATE: S S/ J /~) v , 

TIME: ~ . 6 : 1 s e 
DEPTH .. (ft FROM TOC): J6 .. 3 ':z 

ELAPSED TIME 

(MIN. SEC from t 0 l 
DEPiH TO WATER 

(ft. from TOC) 

I · , CD 1b 1'! 

Ll . Do J' c).? 

~. oo l ~~I I 

STATIC WATER LEVEL: 
DATE: f~,/8/f't TIME:_&....;::~':.o::..!-=-C-4'~-( . 
DEPTH (tt); 3 s I,, 
OPEN INTERVAL 136 I, .. - to lf2.tJ ,., 

TOTAL DEPTH OF WELL (ft): tlt'l. , )) 
WELL DIAM. (ft): ___ • ...&..t b~J'------
OBSERVERS: __.Ft....;r-....~t~· f!J~tt::::;t...._ ____ _ 

i 

RESIDUAL 

DON '(ft.) 
H/H0 or 

f,~oo P 
;). • .JD /. 

H-h 

H-H0 

• 



rh 

( 

fJ( J.tC08S ENGKERNG ~ NC. 

~ ADV.UCID IUTIIIII DMIIOM, ALIU.UIMUI OPIIATIONI 
----=-' 

SLUG TEST 12ATA 

SITE ID: &fit LOCATION ID: 
STATIC WATER LEVEL: 

!Q~ DATE: g£/.! Ll':i. TIME: 
I 

SLUG VOLUME (tt.l): DEPTH (ft): 
. 

INITIAL WATER LEVEL (AT t 0 ): OPEN INTERVAL (ft.) to 

DATE: TOTAL DEPTH OF WELL (ft): -TIME: WELL DIAM. (ft): 

DEPTH (ft FROM fOC): FIELD REP: 

· ELAPSED TIME GROUNDWATER RESIDUAL 
H/H0 

H-h 
1/tm or (MIN. from to) (ft. from TOC) DON (ft.) H-H 0 

~ '-/. trJC j~,,, 

~ g .<!)6 1 (' c YI 
:1 ;:;) . ~ ~C) :r s ,ff 
)'. 00 3.C,~?-

"'~. ($)<:) _1<: '17-
( • 'I '"i ..d' {j 'lC ,~?- . 

! 

'.:-· 

... 

• 

<. 

COMMENTS: pd~C? ~ ar Ql 

.IEG•AL•ENG•I Call•) . 
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0 .• 

fJE JAco8S EN:.71NEERING GROUP NC. 
~ • "'i ... ! ~~~~ 

AOVANCID IU111U OIVIIION, ALIUQUIIQUI OPIUTIONI 
~ ~ ~ ·~ ~.. ... , - . 

SLUG TEST QAT A . 
STATIC WATER LEVEL: 

10: c,ro El.f!'t SITE ID: Hfll:-ol LOCATION ID: fQf DATE: 8J: l-4l Z TlME: 
I • . 

37.f~ 
·~ "'...., 

SLUG VOLUME (lt.l): 0 0~ DEPTH (tt): 
0. . --

lNITlAL WATER LEVEL: OPEN INTERVAL ltuJ7 M94+2 ,0 hhT ~ 

DATE: B,s:/'1 Ito· TOTAL DEPTH OF WELL (ft): /'-{2."1~ 
. r , 

TIM-E: J.•zz f:::M WELL DlAM. (ft): -. '' 7 
DEPTH Ut FROM TOC): 3 'f. s-8 OBSERVERS: E_. B.~l!.~ I!.C.f.ti 

' 

ELAPSED TlME DEPTH TO WATER RESIDUAL H-h 
1/tm H/H0 or 

(MIN. s·ec from tol (ft. from TOC) DON '(ft.) H-H 0 

{J.OO -37.~- ~·-.1~- -

:1o .. 

1·'-00 ~B "16 
.'-.Ja :JB 11 

2!00 18.07 ' J. : ~0 l}.~~ 

l.'lJ () ,·,17.80. ...... 

~ 16 -:1 'l. 7 I 
4."00 l7 6S 
::to 3) ~s-J --- . 

r:.tJo J). 57 
:16 ~) S/ 

~.-oo ~7.'-IA 
::r~ 3?.'1'1 

1 :oo 37.'/J 
:3o 37 Vt"J 

8·t)G :57. '10 -· 

:3 l) -~7.:/B 
_,. 6G .3?. lg 

"""'": -, -;-

:3& "37.3' 

COMMENTS: f2.l.Df:..FEP l/. Cl& Bs-J .. , It i· ~ f-'OP t!J..r::z. r- r-
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fJI JACOBS ENGNEERNG GROUP NC .. 
1/_ID~If AOV&NCID IY&TiaiiiMV&ItON, AUU8UINIII OJli&TtONI -- w,, SLUG TEST gAT A . 

STATIC WATER LEVEL: 
-

tO: Hl([-or LOCATION ID: f~ DATE: TIME: 
• 

LJG VOLUME (ft.l): (ON'T «:!.~ F,. D DEPTH (ft): • ' 

I ~JTIAL WATER LEVEL: OPEN INTERVAL to 

} OAT~: TOTAL DEPTH OF WELl (ft): 

TJME: 
-

WELL DIAM. (ft): . ; 
• 0 

DEPTH (ft FROM TOC): OBSERVERS: J 

' 
I 

ELAPSED TIME DEPTH TO WATER RESIDUAL H-h 
! 

1/tm H/H0 or ! 

(MIN, SEC from t0 ) (ft. from TOC) DDN "(ft.) H-H 0 
' 
I 

: 
! 

tl:oo ·37 "SI 
12 _'CJO 'S 7. 30 

. . 
/l;oc 3?.lc; 

0 

/It )Oc.· ·l?.ZCf 
1~:oo "37. Z8 
2o:oo 3 7, z 7 
2 s:oo 37.1.'1 
lO~O~ 37. '1- y 

. 
e; 

~J"\ "" 
~o;ov •. . ~ 

'-l.r;oo 
~o=oo 

..,. 

i"r:oo ' 

I f!l-~11:. b 0 3"1.19 
.., I AJL.JI!IL I - ,...._ 

-z n vv 1\. C.. .._. 37. 16 
7 -1(";0 ~ rtVVI\o .'c'::. .37.10 

3i -~- .., ,.-f f) · nuu1\ c. ~ .l 3~,n? ... 

COMMENT$: 
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F .. FERRIS-KNOWLES SLUG TEST ANALYSIS 
SITE:HATOl LOCATION:908 

2 

:C: A 

' .. 
!. ,. . 1.5 ... A 

' 
i -.... 

r- I 
I - I : -

\ 

z .. • 
0 
Q A .. I c 
a: 
Q 

...3 .~ 
c 
::::» 
Q -U> 
r-3 0.5 a: 

j 
• A 

A 

0 
tj 

0 0.2 0.4 0.6 0.8 1 1.2 

TIME (1/IIIN) 

' 
~ . ) . 
' 

• • 

DAT£:04/11/85 

1.4 1.6 1.8 

' 

i • 

I 

I 

2 

ch{. cK('t/ 6~ SColarvllo 

3/b/YS 

i' 
c· 
t ,. 
p. 
• 
(" . 

\ 
I 

!. 
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i 
I . 
I· 

l 
i 
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SLUG TEST SOLUTIONS ... 

·~ 

r/.J~/1, 
¥ 
'V3t,/9t 

****************************************************************** 
WELL IDENTIFICATION- HAT01-908 f( -:::. _::1:::_ 
DATE OF FIELD TEST- 04/11/B~ .Li1f'.5L-t 
~ENGTH OF CONTRIBUTING INTERVAL, CL)= 1~~- 7· 

SKIBITSKE METHOD 
FOR DISCHARGE<G>= .0~ 
RESIDUAL DRAWDOWN<s')• .02~ . 
TIME TO RESIDUAL DRAWDOWN<t>= 20~.~ 
****************************************************************** 
THE CALCULATED HYDRAULIC CONDUCTIVITY<K>= 6. 63146E-04 rr,.,. ... -: o.(\(. f"f"(t 
****************************************************~*****:?*~ 

. ~,.; 
v· 

**************************************************************~ 
WELL IDENTIFICATION- HAT01-90B· 
DATE OF FIELD TEST- 04/11/B~ 
LENGTH OF CONTRIBUTING INTERVAL, (L)= 1~ 
FERRIS-KNOWLES METHOD 
FOR: DISCHARGECG>= .0, 
RECIPROCAL TIME< 1/t >= . 4~. V,.,. • .., 
DR AWDOWN ( s ) = 1. 5 n. 
****************************************************************** 
THE CALCULATED HYDRAULIC CONDUCTIVITY<K>• 7. 07355E-05 "/,...,..., o:: o.t t:f/D; 

**************************************************************~* 
~ ~·~ 

**************************************************************~ 
WELL IDENTIFICATION- HAT01-90B 
DATE OF FIELD TEST- 04/11/85 
LENGTH OF CONTRIBUTING INTERVAL, CL>= 1~ 
COOPER-BREDEHOEFT-PAPADOPULOS METHOD 
FOR: WELL RADIUS CRc >= . 084 .. T. 

TIME<t>= .100~~. 

****************************************************************** 
THE CALCULATED HYDRAULIC CONDUCTIVITV<K>= 4. 704E-06 FT/u.c.. ~ o . .,l "lo• 
******************~********************************************~* 

~/ . ~ vkf/1. 
~r :rJ,A 

****************************************************************** 



~QtJ/91 

• SLUG TEST DATA Ufi/;1/f . 
SITE: HAT01 MEXICAN HAT c.lu..c.lt:d ./Jt S Coi•I1J II. 
LOCATION: 908 Sf./ r:r 
OAT~: 04/11/85 • • GROUND UATER RESIDUAL 

---- ELAPSED TII'IE DEPTH · DRAUDOUN HC:TJ/HO 
· UIINJ [1/MINJ CSECJ CFT.J CFT.J CFT./FT.J • 

.oo .00000 0 50.80 .oo .0000 • .so 2.00000 30 52.70 -1.90 -.8290 
1.00 1.ooooo· 60 52.60 -1.80 -.7854 
1.50 .66667 90 52.49 -1.69 -.7374 • 2.00 .50000 120 52.34 -1.54 -.6720 
2.50 .40000 150 52.21 -1.41 -.6152 
3.00 .33333 180 52.10 -1.30 -.5672 • 3.50 .28571 210 51.98 . -1.18 -.5149 
4.00 .25000 . 240 51.86 -1.06 -.4625 
4.50 .22222 270 51.76 -.96 -.4189 • s.oo .20000 300 51.68 -.88 -.3840 
5.50 .18182 '330 51.59 -.79 -.3447 
6.00 .16667 360 51.52 -.72 -.3142 • 6.50 .15385 390 51.46 -.66 -.2880 
7.00 .i4286 420 Si.39 -.59 -.2574 --· 7.50 .13333 450 51.33 -.53 -.2313 t • .. 8.00 .i2500 480 Si .27 -.47 -.2051 
8.50 .11765 510 51.23 -.43 -.1876 
9.00 • 1 1 i 11 540 51.20 -.40 -.1745 • • 9.50 .10526 570 51.14 -.34 -.1484 

10.00 .10000 600 51.10 -.30 -. i309 
" 11.00 .09091 660 51.05 -.25 -.109-t • .. 12.00 .08333 720 50.99 -. i9 -.0829 .. 

13.00 .07692 780 50.95 -.15 -.0654 .,. 14.00 .07143 840 50.92 -.12 -.0524 :_., • 15.00 .06667 900 50.89 -.09 -.0393 
16.00 .06250 960 50.87 -.07 -.0305 
17.00 • 05882. 1020 50.85 -.05 -.02i8 • 18.00 .05556 1080 50.83 -.03 -.0131 
19.00 .05263 1140 50.83 -.03 -.0131 
20.00 .05000 1200 50.82 -.02 -.0087 • 25.00 .04000 1'500 50.80 ~0 • 000 
30.00 .03333 1800 50.80 0 00 
60.00 .Oi667 3600 50.76 .0.4 .o 5 • 120.00 .00833 7200 50.72 .oe .03 9 

1860.00 .00054 111600 50.73 .of\ .030 

• F:ERRIS-KNOULES PLIT FILE= UMTRA*EZPLOTH100 • 
HVORSLEV PLIT FILE= UMTRA*.EZPLOTH 101 • • BOULER-RICE PLIT FILE= UMTRA*EZPLOTH102 • 
COOPER, BREDHOEFT, PAPADOPULOS PLIT FILE= UMTRA*EZPLOTH103 • 
@@PRNT 
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• • 
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%!SLUG TEST SOLUTIONS 

****************************************************************** 
WELL IDENTIFICATION~ HAT01-90B 
~ATE OF FIELD TEST- 07/31/B~ 

. LENGTH OF CONTRIBUTING INTERVAL, tL>= 
KIBITSKE METHOD 
OR DISCHARGE<O>= .0~ 
ESIDUAL DRAWDOWN<s'>= .04 ~. 

TIME TO RESIDUAL DRAWDOWN<t>= 20M~· 

1~ 

****************************************************************** 
THE CALCULATED HYDRAULIC CONDUCTIVITY< K > = 3. 31573E-04 WfJ,.,., ... ~ o.4B trrJr>Ay ) 
****************************************************************** ~ 

. . ·-,j;,/9/ 

****************************************************************** 
WELL IDENTIFICATION- HAT01-90B 
PATE OF FIELD TEST- 07/31/85 
LENGTH OF CONTRIBUTING INTERVAL, tL>= 1~ 
'FERRIS-KNOWLES METHOD 
FOR: DISCHARGE<G>= .0~ 
RECIPROCAL TIME<llt>= .4 Y~·~ 
DRAWDOWN Cs>= 1.6 ~ 

·V~ 

****************************************************************** 
THE CALCULATED HYDRAULIC CONDUCTIVITY<K>= 6. 63146E-05 ~/ ..... ~ • 0.\0 ,:'\lw-
**********************************************************•******* y 

•
***************************************************************** 
ELL IDENTIFICATION- HAT01-90B 

DATE OF FIELD TEST- 07/31/B~ 

LENGTH OF CONTRIBUTING INTERVAL, <L>= 15 
COOPER-BREDEHOEFT-PAPADOPULOS METHOD 
FOR:WELL RADIUS <Rc>= .OB3~T 

TIME< t > = 100 ~-.«
****************************************************************** 
THE CALCULATED HYDRAUL!C CONDUCTIVITY<K>= 4. 59267E-06 ~n .... ~ o.'-'.C> .-rlbAy 
****************************************************************** 

• 
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SLUG TEST DATA 

SITE: HAT01 MEXICAN HAT 
LOCATION: 908 
DATE: 07/31/85 

GROUND WATER 
---- ELAPSED TIME DEPTH 

RESIDUAL 
DRAWDOWN 

[FT.J 
H[TJ/1-10 

[FT./FT.J [MINJ [1/MINJ [SECJ [FT.J 

.oo .0()000 0 50.94 .0() .0000 

.so 2.00000 30 53.12 -2.18 -.9512 
1.00 1.0000() 60 52.92 -1.98 -. 863',' 
1.50 .66667 90 52.88 -1.94 -.8465 
2.00 .50000 120 52.56 -1 .. 62 -.7069 
2.50 .40000 150 52.42 -1.48 -. t,458 
3.00 .33333 180 52.30 -1.36 -. 59:34 
3.50 .. 28571 210 52.18 -1.24 -.5411 
4ft00 .25000 240 52 .. 09 -1.15 -.5018 
4.50 .22222 270 51.95 -1.01 -.4407 
5.00 .20000 30{) 51.86 -.92 -. 40 1 '• 
6 .. 00 .. 166{,7 360 51.70 -.76 -.3316 
7.00 .14286 420 51.59 -.6S -. 2B~IIJ 
8 .. 00 .. 12500 480 51 .. 49 -.55 - .. 2400 
9.00 .11111 540 51. 3B - .. 44 -. 1 <;·~1() 

10.00 .. 10000 600 51.30 -.36 -. 1571 
12 .. 00 • 0833:~ 720 51 .. 16 -.22 -.0960 
14.00 .. 0714:~ 840 51.07 -.13 -.0567 
16.00 .()6250 960 51 .. 03 -.09 -.0393 
18 .. 00 . .055S6 -1080 5.0. 98 -.04 -.0175 
20 .. 00 .05000 1200 50 .. 98 - .. ()_4 - .. 0175 
22 .. 00 .04545 13.20 50.94 .00 .0000 
24.00 .04167 1440 50 .. 94 .00 .0000 
26 .. 00 .03El46 1560 50.94 .0() .0000 

FERRI S-I<NOWL.ES UMTH.A·xEZPLOt::::jj)Qj)~ 
HVOHSLEV Ut'ITFlA·~EZPUlT JD02 
EIOWLER-RICE Ul'l T R A* EZ P L 0 T .JDO~~ 
COOPER, BREDHOEFT, PAPADOPULOS UMTRA*EZP LOT ,JD04 L-
@@NDPR 
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·r---~------~~~~~~~~~~~~=---------------~------

1
. · IJE JAcoes ~ERING GROUP INC.- r/.7~;7 _ 

AOVANCIO IUTUU OIV&IION, ALIUQUUQUI 0'lUTIONI 

1.. - SLUG TEST QATA ~~ 'l/o1/~J 
STATIC WATER LEVEL: 

TEID: Hg\a1LOCATIONID:908' DATE:f$"/70! TIME: j:L?ds~l\. 
r • 

SLUG VOLUME Ut.3); _..,.~e._ . .._¢.;:;:.5....:fi..._lo __ . 
INITIAL WATER LEVEL: 

DATE: ss-J) I "::l.E;' 
I 

TIME: II ·, 3 C) A . 
DEPTH .(ft FROM TOC): 5" 0~ 9 ~ 

ELAPSED TIME DEPTH TO WATER 

(MIN, SEC from t 0 ) (ft. from TOC) 

J: ..... +;.J I ·o -~0. '14..f 

,( 5'3 I;). 

/•~0 5 ~ 'f :J.. 

~ ~~. g~ 

~ '(":0 ~;.,. ~(: 

c 5J... 'iA 
) co 5" ..\,.30 

. ,. < £ J 1€ 
"f oc SJ. 01 
~ 51 1~. . 

' t::'. 'L ("') s /, ~ (, 
~ rYD 5"!. r-o 
-:;... (: c S/ ~'1 

, ~ c 0 St 'i cr 
"' cc £/ 3'6 
/()' ,..,.. §; J() 

I~ C·O $'/. I" .. 

l'f c.o 5'1 {) 1-
It £.-f' 51. D .:t 

It. eo r-c.'ftR 

DEPTH (ft): ~&. 9'-f 
OPEN INTERVAL t=t<e ri to lie I r'i 

TOTAL DEPTH OF WELL (ft): I (lf. ~ ('. 
WELL OIAM. (ft):_~ .. _:.I.....;;.6_/~----
0BSERVERS: Pr:~ ~ / S,orJ0"0H- ,' 

I 

RESIDUAL H-h 

DON '(ft.) 
1/tm H/H0 or 

H-H 0 

. 

.. 

/ 
/ 

COMMENTS: __sdd.J:C~c~f4f'~k~d~_-~S li ~...)~~~~r1:-~::J31d~tr~, ~a~·==;t· ·~j.~S_s>:.)_J ?~};1...~55_ __ _ 

jH IH 51") J~/711,, ' ('C:? ,A,~J 

.~------------------------~----------------~ 



IJ E. JACOBS ENGINEERING GROUP INC. 
ADVANCID IUTIMI DIVISION, ALIUQUitQUI o•tUTIONI -

SLUG TEST QAT A 

SITE ID: Hi:f t I 
STATIC WATER LEVEL: 

. LOCATION ID: 7o1 DATE: ~Sl~lJ.t TIME: 
I I I 

SLUG 'VOlUME (ft.3); DEPTH (ft): 

INITIAL WATER LEVEL: OPEN INTERVAL 

DATE: TOTAl DEPTH OF WEll (ft): 

TIME: 

DEPTH (ft FROM TOC): 

ELAPSED TIME DEPTH TO WATER 

(MIN, SEC from t 0 ) (ft. from TOC) 

J.D ·co SCJ. cr"' 
~~ .~0? ~() 'I~ 

::1.., .'c90 so. '1'1 
J.l:: ~00 ~0 f~ 

' 

.. 

COMMENTS: 

52 c1j~ ~ a£~ 

WELL DIAM. (ft): 

OBSERVERS: 

RESIDUAL 

DON ·cu.) 

{ 
\ 

' . 

.. 

1/tm H/H0 

. 

to 

or 
H-h 

H-H 0 

• 

• 



NA'Y 3 0 t98~ IJ[ JAcoas ENGINEERING GROUP INC. X 

'MA"' ·· ,. .., · ADVANCID IUTIMI DIVIIION, A1tUaUIHlUI OPIIATIONI ; .. ':; 1-;-3~ ......_....... 
( SLUG TEST QATA . 

STATIC WATER LEVEL: 

SITE ID: HAT·tl LOCATION ID:· ·'108 DATE: 8S £'1.lt·2 TIME: tz:o? Pf\1 
• • 

tJ. eJ$ ti ~ .. SLUG VOLUME (ft.3): DEPTH (fl): ~Q .80 

INITIAL WATER LEVEL: OPEN INTERVAL NpT C(!(P4JDft0 ~~~ ;~ 
DATE: B ~ l'.t.L II 

Ff 
TOTAL DEPTH OF WELL (ft): IG'f. zo 

TIME: JJ:oo A. M WELL DlAM. (ft): . Jl,l 

DEPTH Ut FROM TOC): . f.l.tS" OBSERVERS: (2. B.~ct.r a.c &er . .. 

ELAPSED TIME . DEPiH TO WATER RESIDUAL H-h 
1/tm H/H0 or 

(MIN, SEC from 10) (t~. from TOC) DDN "(tt.) H-H 0 

O: orr so.Bo 0 

~30 ~2. 7tP . /.qo 
I :{JO s-z -~~ l.Bo 
:i'l6 52 o/7 J.IP'1 

2·00 S2.~'1' /.64 
:lo Sl. 2/ /.l/1 

3:0CJ sz. tO /.30 

=.Ia st. f8 1./B 
: £.t:oo SJ. 86 /. ot, 

:~ S I 76 o.q~ 

S":{)o S/.68 o BB 
~'1() S'l ~~·· o.1Cf 

{;:()0 s-1 .rz o.+;;... 
. 

:'j() 
t '· '-~' o.~Pt, 

7.-oo S'l. 31· . 0 !;{'Cj . . 
:ao sr 1.11 o.S:J, 

8:.~0 ~1;27 0.~1-

:ltJ S/. 21 (). ~.3 

f~60 SI.ZO 0·~0 

=1.o s 1.1'1 ()·3'-1 
. 

COMMENTS: OR.Of'PEO .fLUlr 8 r;_ lv Ln.. * . f:ot> I!.H 
I 

• . 

. 



fJE JACOBS ~ERNG GROUP NC .. 
ADV~NCID ITIIIMI DIVIIION, WU8UIMUI O'IUTtONI ·--

SLUG TEST QAT A 

-1-/.Joht. 

0r;7, . 
,~SITE ID: HA.7 ·I{ LOCATION ID: 

STATIC WATER LEVEL: 

~ 
Vofl. DATE: TIME: 

• 
SLUG VOLUME (ft.S); CON.,.IM<CO DEPTH (II): • 
INITIAL WATER LEVEL: OPEN INTERVAL to 

DATE: TOTAL DEPTH OF WELL (ft): 
.. 

TIME: WELL DIAM. (ft): . . . 
DEPTH Ut FROM TOC): OBSERVERS: 

ELAPSED TIME DEPTH TO WATER RESIDUAL H-h 
1/tm H/H0 or 

(MIN. SEC from t0 ) (ft. from TOC) DDN "(tt.) H-H 0 

j(},' (){) .. ~I iO 0-3l> 

u~·oo SI.OS" ·o-;1$' 

~0 97 
.. 

12 .'0() f)./lj 

11 :fJo _t;O. f ~ 0-10 ' 

I '1 VCJ So lf-z 0.1~ 

~~~oo s-o.B'i o.b-1 . 
,, :oo .. so.87 0-01 -

1 7 • 6o ~-o. Rs 0- I)S' •• 
_lfj ;OD 50·81 {).03 

r1:6o ·. So.8 J . o.tJ3 -
w:ofl ~t>.hz. o o:;., 

1,_!":0() SO-BD 0-~ 

so:oo .ro .so £;.~.0 

• . , ... ~n 
J ,..... vv t..O S0.76 o~o.oL/ 

1 - _.., ltC SO. 7Z <~-o. ~ 8 " 31 •~A,.,.s ~~~.0 G"O· 77 -~o o.o1-
-· .. . .. 

COMMENTS: 

• 
.. 



• 

••• 

• 

·***•************************************************************** 
. WELL IDENTIFICATION- HAT01"34 

PATE OF FIELD TEST- 11/01/B~ 
LEN~TH OF CONTRIBUTIN~ INTERVAL, CL>= 10 
jw.IIIl TSKE f'IETHOD I ~ J j 
,.OR DISC:HARGECQ)• . 217 ur,•7/M.'L- 'A~ 
RESIDUAL DRAWDOWN<s'>= 2.11 
TIME TO RESIDUAL DRAWDOWN<t>= 2 
****************************************************************w* ·I / 
THE CALCULATED HYDRAULIC CONDUCTIVITY<IO= f. 09202£-04 ,:T'}..,,~ ~ s.ct w10 fi bAY 
****************************************************************** . v·" ... , . - 1 

'-/a-t /'If 

•••********************************************************·····~·· 
WELL IDENTIFICATION- HAT01~·34 
DATE OF FIELD TEST- 11/01/B~ 
LENGTH OF CONTRIBUTING INTERVAL, <Ll= 10 
FERRIS-KNOWLES METHOD 
FOR: DlSCHARGECQ)= .217 
RECIPROCAL TIME(1/t)= .01 
DRAWDOWN <s>= 1.5 
****••••••••****•*********•****•*~****•***•••••••••••••~~··~~*•-r~ 
THE CALCULATED HYDRAULIC CONDUCTIVITY<K>= 1. 15122E-05 ~/..,, .. : \·'1"<10"- f'f/o•y 
·~*····~·······················~·······················~··~··~···~ 

--............ * ... :.-..-;ii ......... .t.****••• **"·~.a.* ....... 4!- ...... ***••• .......... -!t ... .,. .. .t'¥•*• • ot,.~~,-~.c~ 
WE:...L l DENTIF ICATI ON.::-~l:_Ol-934 
O~i'E OF FIELD TEST- 11/0i~ 

"·•LENGTH m:: CONTRIBUTING INTER\/~._,~:: 
tOOPER-BREDEHOEFT-PAPADOPULOS METH~ 
FOR: WELL RA~IUS tRcl= . 167 

T HiE it!== 30 
··~·*~•••••*****•***********·*~***~·~·--~··~·~·~~~·- ·~-~~--~~~-·~: 
'THE CALCULATED HYDRAULIC COND\JCTIVITY<K>= 9. 29b:33E-oe. k..," 8.0 'fi'/f>Ay 
**ft•*~+·~~·~*****************•~4~··*•****~~*~~·4·4**~~·~····~J.~ '~ 

WELL IDENTIFICATION- HAT01193~ 
OA'TE OF FIELD TEST- 11/01/B~ 
LFNGTH OF CONTRIBUTING INTERVAL. CL)= 
SKIBITSKE f'IETHOD 
FOF DlSCHARGEtQ)a .217 
RESIDUAL DRAWDOWN<s')~ &.04 
TIME TO REE.IDUAL DRAWDOWN<t>• ~40 

10 

···-····························································~~ THE CALCULATED HYDRAULIC CONDUCTIVITY<K)• • 6. 91B4E-OC. "/,..,_, l.OioCIO·'- f'r/04'/ 
__,..... 

!,/ 
······················************************••··~··*·~······~·-· 

•.. J.~ 

.:::.·/1 "1/11 



******************************************••···~·······~···~··~···· 
WELL IDENTIFICATION- HAT01~3' 
DATE OF FIELD TEST- 11/01/8' 
LENGTH OF CONTRIBUTING INTERVAL. <Ll= 
SKlBITSKE METHOD 
~0~ DIS~HARGE<G>= .217 
RESIDUAL DRAWDOWN<•'>• ,.~ 
TH1E TO RESIDUAL DRAWDOWN< t >= ~.5 
*******~************************~**********~•••••••o••••••••~••~•• •I } 
THE CALCULATED HYDRAULIC CONDUCTIVITVUO= t4.111,E-04f'T/ ... ,., -: S.4\wJ0 ~ D,../ . / 
***********************************************····~~-·~··;;•~··~·· ~ 

***+¥*******************************************************•***** 
WELL IDENTIFICATION- HAT01}93' 
Lli>.TE OF FIELD TEST- 11/0lle5 
Ln~·.~TH OF CONTRIBUTING INTERVAL. <L>= 10 
FERRIS-~NOWLES METHOD 
FDR: DISCHAP.GE(G>= .217 
RECIPROCAL TIME!1/t)= .01 
DR;.;wr·oo.n,; < £ ,... 2 

~~4/tl 

····~··············································~,~-~ ~-~~~···9.~ 1Hr CA:..Clli..ATED HYDRAULIC CONJ:;!JC;Tll.'lTY<U: 8.b34loE-Cib,-r/..,,.,., \."Z.)(t0 ~)o,.y 

• 

• 
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SLUG TEST SOLUTIONS 

'*******************************************************•••······~~ 
WELL. IDENTIFICATION- HAT01~-930 
DATE OF FIELD TEST- 10/30/8, 
LENGTH OF CONTRIBUTING INTERVAL, <L>= 10 .-
SKlSITSKE "ETHOD 
FOR DISCHARGE< G>• . 217•' 
RESIDUAL DRAWDOWN<s')a .41 
TIME TO RESIDUAL DRAWDOWN<t>= 90 
************************************************************~*···~~ 
THE C4LCULATED HYDRAULIC CONDUCTIVITV<K>a t4. 67976E-OS r:r/,....,., c,.l>ciO. ttr}'OIII>.j •· 
****************************************************************** 

v~ 
C:>/2.¥ /"IJ 

****************************************************************** 
WELL. IDENTIFICATION- HAT01:~30 
DATE OF FIELD TEST- 10/30/8~ 
LENGTH OF CONTRIBUTING INTERVAL, <L>= 10 -· 
FERRIS-KNOWLES "ETHCD 
FOR: ni~CHAF.GE<G>~ .217-
REC;IPROCAL. TIME<11t>= .1./ 
DRAWDOWN Cs)6 1.3 ,. 

···································~·············~4·~~4-·6··~··-·, THr CALCULATED HYDRAULIC CONDUCTIVITY<K>= 1.32833E-04~1.., ..... J.q ... ,o· ..-rl~y........-

~·~···~~4~··••************••~····~··~···············••6+••··~~~~~· 
l..!ELL -Iri!:l'tHFICATlON- HAT01-930 __.-
OA1E OF FIELD TEST- 10/30/8' / 1 0-------------LErJ(:."TH OF CONiRIBUTING INTERVAl., <L>= 
COOPER-SREDEHCEFT-PAPADOPUL..OS.I'IETHOO 
FOR. WJt::LL RADIUS <Rc >= . 1b7 __ _ 
TIMI:itl= 20 

--
•****"'*•**'*'!.~JLA:•-u"'«*****•**••***"'*.Y.• •""**•*••••••.c---tt+..,..,..':..o~~~·~ 9•o·:·+Y~ t·~ 
THE CA~tT£:D HYDRAULIC CONDLlCTl'J!TY<I'.l= 1. 3'144SE-04,.1, • ._"' 11.-S' flT('04

'/ 

···········•*******************•··~·········~····••••+•···~·p·~A~· 

****************************************************+••••••·>****** 
l·!EL..L IDENTIFICATION- HAT01-934 
OATE OF FIELD TEST- 11/01/B~ 

LENGTH OF CONTRIBUTING INTERVAL, <L>= 10 
SKISITSKE "ETHOD 1 1 I J 1 
FO~ DISCHARGE<G>= . 217 f~* ,~-c., ,T£'/):-
RcSIDUAL DRAWDOWN<s'>• 1.83 
TIME TO RESIDUAL DRAWDOWN<t>= 180 

··········································~·······················-~~, THE CALCUL.."-TED HYDRAULIC CONDUCTIVITV<K >= 5. ~4235E-Ob "J..,.,,. • ':J.l.. .. ,ll ~'/ 
***********************************************••••·••~•w••~~~•••~• 
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. SLUG TEST OATA 

SITE~ HAT01 MEXICAN HAT 
LOCATION:;'93S 
DATE~ ·1·1/i)?/85 

GFWUi~P W{\ H~H 

---- ELAPSED TIME ---- DEPTH 
[MlNJ l1/MINJ [SECJ [FT.J 

.. oo .. 000()() 
1.00 1 .. 0(i()()() 
1 .. so .. {,6667 
2 .. 00 .50000 
2 .. 50 .. 40000 
3.()() . 3~~:~:~:3 
:l. 50 .. 2nb71 
4.00 .. 2E\OOO 
4.50 .. ~~2222 
5.00 p ~!00()('; 

7 .. 00 .. 1'1206 
10.00 .'\0000 
1S.OO .. Ol>l>67 
30.00 .. () :~ :-:; ~-3 :·) 
L1r; .. oo r· rjr)r;.'"' 

",)£./.:.i..l~ 

60.00 .<HMJl 
·1£:0 .. 00 .. o<Hn3 
180;00 .. OOb~~~. 

FEH.FI. I !; .... ;.{NOtJl...E~:; 
H'"'O!t~·)LF".! 

() 17~L.~1S 
60 175 .. 40 
90 17'S.47 

120 175. ,,(. 
150 ·175 .. 46 
'\tW '\7S .. 4b 
210 175.46 
240 17b .. 4{~ 
270 ·\ 7S .. L~6 
~)()() -tn:i .. 4t) 

'·~~() ·175,Ltfl 
60() 17S r 4(, 
900 17S . .J+f, 

'\ B(>(:• 1n~. '•'1· 
~?7 () ·:> ·\Jr) .. 4.'1 
3b00 1n~ .. ~.r:~ 
7200 ·17[) .. ~~2 

10FJ(:o() 1n:;,, 1B 

n cn.;u::H ·-·n 1 cE 
COfli'FF, Br.:r.::DHOE.FT, PAF'{\UUPUI..O~::; 
t,·; F~ 1\~ () P R 

RL!3IDUtrL 
() H f., I,)[) 0 1,.1 N 

I:FT •. ] 

.00 
-2~ 18 
-·2 .. 12 
-2. 1 '. 
-·L~ • 1 1 
-2. 1 1 
-·I~ .. ·\ 1 .. , 
-c.. 1 1 
-2 .. ·1 1 
-? .. 1 1 
.. -l~ .. 1 1 
-?~ 1 1 
-L~. 1 1 
-2. .. 0(7 
-2.()9 
-2. C•~-: 
.. 1 .. 97 
-1 II t~::•1 

I· I r: T J /HO 
r. F T • I r 'l . :I 

.0()00 
-. t1~·:;{.{, 

-·- BS26 
-. 84F:~·-, 
··· .. t~4 ~:~s 
- .. t3't r-~r) 
·- .. 8'1·HS 
-. t1l•tr:-:r 
.. ,.B4f.lS 
- •. f),, ~ :: ~-) 
... "f~4:JS 
·- " t~ /~. (:; ::··, 
-- .. 04 ::lS 
- .. t~,!;(:·~·-1 

...... ~~.~,.os 
-• II [~ ::•~ ~~~ ~-, 

-· 7<"'·,.\? 
If I '] lo•• '-

- .. 'l ~:~ ·:·; :_:;-

Ui•ITR~r·i(·E2:? 1. rrr .J::OC•8 
U~1TP.?l~! F7P i. Ll'T J(!(i') 

Ul'lllt!~':i·LZPI..OT .. .JO 10 
Ll !'1T i'l. (r .;: F: lY' i .. CIT .J 0 'i ·i 
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~····---· - - -··-· fJt .LACOBS ~ERt-+G GRCXJ> NC. IIU~ ~ 6 1~ ~ . ~V.l.MCID IUnMI DM&.ON, AltVQ:JlKUI OHU.TlOtlll - . 

( SLUG TEST DATA . 
SITE ID: fM( LOCATION ID: Cf3~ 

STATIC.WA,ER LEVEL: 
DATE: 8S/f1 '2; TIME: ').~p • 

: 

SLUG VOLUME (ft. 3): • 2.1~ 113.35 . 
DEPTH (ft): 

INITIAL WATER LEVEL (AT t 0 ): OPEN INTERVAL (ft.) tz..o.o to LR1·0 f. 
DATE: BS/t£ll 

F· 
T 0 TAL DEPTH 0 F WELL ( ft): /3Cf · o '/ 

TIME: {' £()_ P WELL ClAM. (ft): d. 3~) 
I 

/v(;1_f/t&.r~( 7 W- (o,J, DEPTH (ft FROM fOC): Lz2~f' FJELD REP: I .I lr 
_j 7 

ELAPSED TIME GROUNOWA TER RESIDUAL H-h 
(MIN~~trom to) 1/tm H/H0 or 

. (ft. from TOC) DON (ft.) H-H -- -- - 0 

. . : ()_ 11-J. *1> 
( : oo -~ . /:I(" r lf ~ 
;s, , 15. q. ":1 

-~:-co · 11~. '~' 
.. - - . 

' 

'!fO . I :j{'" I tf 6 
-

( ~.c:;o- I 7~. '/t, 
.so..- 1'15. qt, ·-

tf:oD /75 ,f/t 
!"0 .. I 7~·4t. 

s:o"o /75·'1£ 
':7~00 

- -- -

I+ 5 • 'f' 
to:oo I 1-5. 1/t. 

. ·-
l_S:'OO 115"".l{t, 
~:oo 115.411 
JfS'.'tJt:> 11~,(('1 

{g() '()t) I 75",'-/~ 
t lo • ~ .S!_ 17~, :3-z. 
JC)?O' p()o /15", IV 

I~).'' 
,-j"/ . 

COMMENTS: JJtctff!/ s/IAJ 
., 

0 {tV p 
) ts-ltl Ll 

I I ; 

. 1!-IJ.tl-!cl ..d ~j 1.: "" .. if t_, / 1J. 
.. 

(l 7 ) } '} 
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. . JEG-AL-ENG-1 U/1•) 
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' SLUG TEST DATA 

SITE~ HAT01 MEXICAN HAT 
LOCf.\ T JON= 934 . 
DATE: 11/02/BS 

• GRotmD l.U~TER 
EL.AP SEI) T J:I'IE ---- DEPTH 

[MINJ [1/MINJ [SECJ [Fl~J 

.00 .00()()() 

.SO I!. 00000 
1 .. 00 1 .. 00000 
1.5() • 66f)67 
2 .. 00 .. 5()()()() 

2 .. 50 .40000 
3 .. ()() .. :~:~33:~ 
3 r· n . ,) ,. .2BS71 
4 .. ()() .. 2SOOO 
4" ~)() ""''"''-,, ... ,\ • i:.£.J • .t:. J." 

S .• OO • £~()()()() 

7.00 .111:?H6 
. -. 10 .. ()0 .. ·t ()()()() 
. 15.,()0 • 06t..{:.7 

30 .. 00 .. 0:$3~!:--l 
4~; .("•(} • (i2J~L~i.~ 
{;0.00 .. <Hbl>7 

11.:'0.00 • C• c:. r; ~:1 ::; 
100 .. 00' i. :. {)()~;~·~6 

24() r (:•(j .0041l 

FEHH I G-··:<NCJI •. ILE~; 
HWJH~·;LLV 

B 0 I,J 1.. F r~- Fl. I C E 

() 19LI.16 
30 19!>.40 
60 19r; .. ~~r1 
90 19~)" 38 

120 19r; .. :~A 
15() 195 ,. 37 
180 ·t9S .. 37 
210 19E; .. :36 
240 17'G .. :M 
270 1<i'!:; .. :~6 
:~oo 1 IT'S., ~~6 
4/~0 1 t;·~:;. 36 
(,()() ·t s·~; .. :~6 
900 1 <i'S .. :v, 

1 0{)() 1 S"~i. ~~6 
2700 19E; .. 3{, 
~l {; () () 1s·r; .. 3.<> 
7'i.'OO 1<;'\·). :-lit 

. 10BOO. · ~ r,·r>. :~t: 
144-00 ~t;s .. J~o 

co(·,p Frt, 1~ HFD!·:OE:FT, PAPADOI' tiL()~; 
l4C4NDr) I{ 

RES:£ DUt'~L 
()RAI,JDOWN 

[FT .. :J 

.. 00 
-1 .. £'4 
-1.23 
-1.21: 
-1.22 
-1 .. 21 
-·1 .. 21 
-1 .. 2\) 
-·1 .. 20 
-1 .. 20 
-1.. ~~0 
-1 .. 20 
-·1 .. L:o 
-1.20 
. .. L~~()" 
-1. £~0 
-·· 1 • ~~ 0 
-1u1D 
-·1.; 16 
-1.04 

HCTJ/HO 
t:FT./FT .. J 

.. 0000 
-· •. 4907 
-. Ll946 
-.490/ .. 
-·. 4<106 
- •. 4f.)(,{, 

-·. i}f:j(,6 

-. 4B:~·t. . 
.:. 4n?.6 

4n':>6 .,_II • ()/:, 

-. 4Ct:·f. . 
--~4026 

-· .. 4~1L'(, 
..... 4-B'?.6 
- .. 4B/J. 

- .. 47A\·, 
.... n lt{,(-)5 

-.4·if::'? 

u1·1 rn. f~·!c·EZ i:l un .Y)O 4 
UI'1Tf\(d: FlT L ()"f ~.100:~; 
I.II•ITRA·:c·EZP I..OT J•:·06 
Ul'iH·:f.:l·H::2FL OT,.I007 



FERRIS- KNOWLES SLUG TES~T ·ANALYSIS 
SITE:HATOl LOCATION:934 Dl Tl:tl/02/85 

2.5 

2 -..... .... - I - \ .. 
0 1.5 
Q .. 
~ 
Oil 
Q 

,. ... ...... • A 

...:I 
~ • I 
= Q -rn 
Dill 
0:: 

0.5 

' 0 

0 0.2 0.4 0.1 0.8 I 1.2 1.4 1.1 1.8 2 

Tllll (1/1111) 
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• • 
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.,..,, -
,. .... _________________________ LJ.Ti0~.1h'J 

., -~ .. ~.jf:~ ~'l 
SLUG TEST DATA 

STATIC. WATER LEVEL: 
SITE ID: 1/lf/ .... (P/ LOCATION ID: 93i DATE: ?fi/11/1- TIME: ., {.'>Of> 

.-1? ~ l. 11 DEPTH (ft): I 'ltf, I b SLUG VOLUME (ft.3): 

INITIAL WATER LEVEL (AT t 0 ): 

OA TE: 8S71,(1 

TIME: ~ S·i1f 

DEPTH (f t F R 0 M f 0 C): _J...:/ 'f;.....:'i....,;;· o;;..."f;..__ 

ELAPSED TIME 
(MIN. from to) 

GROUNDWATER 

(ft. from TOC) 

:go I '15 • 3 '-
4 oo J&ft;. 3 (, 

71 .. vo 1 'i5 • 3G 
10: vO 1'15 • Jb 

.: 

OPEN INTERVAL(ft.) /'(2.~Z.. to/'tt.s-2 

TOTAL DEPTH OF WELL (ft): /9 f· $""2. 

WELL DIAM. (ft): fl. 3ll _ 

FIELD REP: £ foft'q i1v r-J~f / h/.{orJ v 

RESIDUAL 

ODN Cft.) 

.:J 

1/tm H/H0 or 

• 

' ) ' 

JEG-AL•ENG-1 Ull') 
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~UG TEST DATA 

SITE: HA101 MEXICAN HAT 
LOC~~TJON:; 930 
DATE: 10/:l1/BS 

GROUND Wt.TER 
---- ELAPSED TIME DEPTH 

[MINJ [1/MINJ [SECJ [FT.J 

..0() .. 00000 
1.00 1. 0()00(> 
1. 50 • 66{,67 
2 .. 00 .50000 
2.450 .40()()() 
3.()0 • 3~1~1:~:3 
3 .. 50 ~20571 

. 4 .. ()() .25(>()() 
4.5() u22222 
5.00 .1!0000 
7 .. ()() ~ 1't~~H6 

10 .. 0() ~ 100()() 
1S .. OO .. 06667 
30~00 • 0 ::.l :~ ::.: ~·.! 
11~1 .. ()() .. ()2J::~~2 
60 .. 00 • <H6t)7 
7!:) .. ()() ., () 133:l 
90.00 .0111·1 

G:··~·,:~ I),. c ... VNf'JIIL F.:'C' t.. l . \ J. ,:> t-.1 L >'. • •• ~> 

( H ',1 nH B L. LV 
["B DI,JI...ER --11. ICE 

0 · s.~.BOv 
60 59 .. ~!9 --
9() 59.27..-·' 

120 59 .. 14 
150 59 .02. 
1BO SB .. 9~1-' 
210 SB.74· · 
240 5(l,. 67v' 
270 ~;a .. S9-
:=too ~i8 ,. 51~---
4?0 E)0 .. £~8• 
600 so. 09\. 
s-·oo !.'i7 .. Wl• 

1800 57 .l.,';'--
'2700 Sl .. ·49 
3l.J00 57 .. 3n· 
l1~iOO E~7" :--~·<) · 
SA-00 ~;? ,. ~: 1. 

ccooP Ert ~ B 1u~.DHDLFT, P r~r· f-) I) UP UL o~; 
_1.!\G!NDPH 

RE!~ :r D ll(.~! ... 
Dfi-{'!ji,.JDOL.JN 

[FT ~ :J 

.()0 
-2~59 
-2~'+7 

-L~. ~:'• 
-·l~. 1.~2 
-2. 1:l 
-1.94 
-1. B7 
-L79 
-·1.7£' 
·- ·1 • itrJ 
-1 .. 2<) 
·- ·1 u ()7' 
-. 8:!.' 
--.69 
-.SB 
.... ,. F.>O 
- .. 41 

HCTJ/HO 
f.FT .. /Fl, :1 

., 0000 
-1.0416 

-. S''t 1 () 
-.89?8 
-. Bb(.(. 
-~7B02 

-· .. 7'i':7'8 
-,6<~~/ 

-·"~:)?52 

..... i?.ll'S 
- .. /..~:·:::)·;~· 

-· .. 2()11 
-I ~ ()i~ ('~I 

Ui'ITH f.V;·LZi") I.Orl:-'>•>0 
Ul•·iT r':.(:l·:•\ L/1"' i. Ol JOO 1 
U!''l nz.:',i<-LZPI..l'iT .. Joo:,:: 
Ul'iTPJ~YF:ZPi .. ("fi . .J(I(;.:~ 
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IJE\ JACOBS ENGINEERING 

DATE ______ _ SUBJECT 
.• 

sy ___ CHKD. __ _ 

• 

• 

• 
FORM 91·005·1 t"/81) 



. ·-· ... . .. ~I 
fJt J.6COe.S ~ERm ~ NC. ~ ra~;q/ 
- j.CVI..MCID ITinMI DCVtiiON,Al.IVCIIUlMUI OJI'IU.TlONI ~H) : .: ·'-)f)f': 

( SLUG TEST DATA • . 
SlTE 10: /1117 -q;/ f30 

STATIC.WATER LEVEL: 
LOCATION ID: DATE: 8S(Io{3/ TIME: 3_:c.r0 p 

I 

SLUG VOLUME (ft.3): • 2.\1- DEPTH (ft): ~r.,. et> 
INITIAL WATER LEVEL (AT t0 ): OPEN INTERVAL (ft.) /0!>-. s-.3 to 1!5:: 

DATE: ~sLtv{JtJ TOTAL DEPTH OF WELL (ft): JFf.. s3 
TIME: ~'-c.o t WELL DlAM. (ft): 4li3) 

DEPTH (ft FROM 'fOC): 5':L lf 'I FJELD REP: E- /VJ,'ql1c ~rcle -1-
v 

ELAPSED TIME GROUNOW A TER RESIDUAL H 
(MIN. from to) 1/tm H/H0 or -(ft. from TOC) DON (ft.) H· 

:o S(,.~O - -
j_. eX)_ §r.3? ; . 59 Z-~'f I 

.'.§"Q_ S1.;)1- 2-'11 Q-~1 

,:;:oD 
$_1_._ '" 

2. 3'1_ Q-50 

~5o ~.02 2- 2Z.. 0-'4 0 

( 3·.oo 5 K'. c; 3 2 ·13 0 .""?>:, 

:5b _';'6. '?Lf ,_q~ . o. z.'t 
y:oo se .(,;. ) .. 61 0 .-z_~ 

·§b 28_.~'} 1·1 ~ c. 'Z.~ 

5.'(){) ~9 . .,;2. 1--::J.Z. o-2.o 

"::f: oO 59.28 J.~e OJY 

1o:oo S~P'i . t-Z.~ 0.10 

t~:oo 51.1?~ t.olf 0-01-

3D'DO 51-~ 1.. c-S.'Z..- Q. Q_!:l 

'-l{:t>o - 5-=l,'fll 0-"tt 0-0'2.. 

_no:oo s1.3~ o.se. o.o1(r 

'l~ 0_0 51.30 o-t:;;"o c._o•~ 

t:to=oo .5=1. 2 I c. t.f I 001' 

. <'. \" ., ' 

-· 

l 

COMMENTS: ])rot?/ .s/J a ~:cJOt> 
' 

I e;-Lto/].0 ·· 
I J::l :~~ _,~~~) ~o~l • S'"f, f7 PI c ~=~c lt ''!' l i;,; ~ -.. 
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.260 · GROUND WATER MANUAL ~ 

Data requirt'd for computing the permeability may not be avail-~(! (9 I 
able until the hole ha.-; encountered the water table or a relatively 
impermeable bed. The required data for each test include: 

1. Radiu~ r of the hole, in feet. 
2. ungth of test :o;ection A, the 11istance between the packer 

and the bottom of the hole, method 1, or between the packers, 
method 2, in feet. 

:J. Depth h, from pressure gage to bottom of the hole, method 
1, or from gage to upper surface of lower packer in method 2, 
in feet. If a pressure st-nsor is u,;ed, substitute the pressure 
recorded in test section prior to pumping for the h1 value. 

4. Applied pressure h, at the gage, in feet, or the pressure 
recorded during pumping in test section if a sensor is used. 

5. Steady flow Q into well at 5-minute intervals, in ft3/s. 
6. Xominal diameter in inches and length of intake pipe in 

feet between the gage and upper packer. 
7. Thickness F of unsaturated mat<'rial aboYe water table, 

in feet. 
8. Thicknc,o,; S of ,oaturnted mat<'rial aboYe a. relatively im

permeable bed, in (eet. 
9. Distance D from the ground ,ourfnce to the bottom of the 

test :;ection, in feet. 
10. The time that the te,;t is stnrted nnd time mea:;urements 

are made. 
11. If tests are made in ,.;trenmbe1ls or lakebeds below water, 

the effective head is the diff<'r<'nce in feet betw<'en the elen1-tion 
of the free water :;urface in the pipe an1l the ele\'ntion of the gage 
plus the applied pr<',.;sure. 

12. If a pres,.;ure sen,oor is us<'ll. the <'ffccth·e head in the test 
!'ection is the differ<'nce in pressure before wat<'r is pumped into 
the test section nnd the pn•,o,oure rt'1Hiings mndc during the test. 

The following t•xnmplt'"' ,.;how ,;om<' typical c:nlculntions u,.;ing 
methocls 1 and 2 in the diff<'rl•nt zone,.; shown on figure lQ-5. Figure 
lQ-6 ,.;hows the lo<'ntion of the zone l low<'r boundnry for usc in 
unsaturtltcd mnt<'rink 

Example 1: 

PRE~SURE PER~IEABILITY TESTS 
EXA~IPLES OF ~IETHOD:5 l A~D 2 

Zone 1-~\lethod 1 
Given: U=75 ft, /)=25 ft,.·l=10 ft, r=0.5 ft, 

h1=32 ft, h2=25 lb;in1=57.S ft, emu 
Q=20 galimin=0.045 ft3/s. 

)( 

2 
:I 

!C 
a: 
~ 
c 
lol 

PERMEABILITY TEST~ 

!C -~~~~~.~.-----+--
~ · . ~ • Boundary of lC 

!C 1--...:.,.._+-"M--F.-'-

"' ~ 60'----_.__........_;~~---------
... 
c 
.... 
z 
~ eoi----1--..._,H--..!-,;._------"'._ 
a: 
lol 
A. 

FrGt:Rr. lG-6.-Location of zon• 
materials { 4}. 

From figure lQ-4: Heat! los, 
O.i6 foot rer 10-foot section. 
the bottom of the pipe is 22 

H=h, +h~-L=32+5i.S-l 
Tu= C-JJ+H=i5-25+SS 

x~¥.i: 
.· 

. I Tu 1' The ,· 1tiii<'S for X nne :T 1, 

conclucti\'ity co<'lfiril'llt l'u f 

I 

Then, 



t 

• 
Bourdon CJOCJI ----- rr--swiwel 
Intake p1pe-----..._ '\ 

Ground surface ~ L 

ZONE I 

K=_Q__ 
C.,rH 

Woter table 

METHOD I 
K• 0 

(C,+4 )rH 

ZONE 3 
METHOD 2 

a K•C,r H 

X T f. - op o Impermeable zone 

K • coeff•c•ent of permeability. feet per second under o unit C)rod1ent 
O•steody flow inta well, ft'" 
H•h,•h, -L • etfect•ve heod. ft 
h, (abOve water toble) • diS tonce between BourdOn C)09t ond bOttom of 

hole for method I or distance between CJOC)t and upper surface of 
lower packer for method 2, ft 

h, (below water table) • distance between C)OCJt ond water table, ft 
h,•opphed pressure ot CJOCJt. I lb/in 1 

• 2.307 ft of water 
L •head loss in p1pe due to fr1ct1on, ft; ICJnGre htOd loss for 0<4 C)OIImtn 

1n 1 ~- mch p1pe; use leftC)th of pipe between IJOC)t ond top of test 
1fCtiOn for computations 

X• t(IOO) • percent of unsaturated stratum 
A•lei\'9th of test section. ft 
r • rodtus of test hole, ft 
C,.• conductivity coefftcient for un~turated materials w1th partially 

penetrot•nCJ cyhndricol test wells 
C,aconduct1vity coefficient for semi-spherical flow in ~turoted 

motertols thrOuC)h partially penetrat1nCJ cylindrical test wells 
u • th1ckness of unsaturated material. ft 
S =thickness of saturated material, ft · 
T,.= U- D• H • dtstonce from woter surface in well to woter table, ft 
D = distonce from vound surface to bOttom of test section, ft 
a •surface areo of test section, ft'; area of wall plus area tA 

bottom for method I; oreo of wall for method 2 
L1m1tot•ons: 

0/a .S 0.10, S i!5A. A ~lOr, thickness of each pocket must 
be <!. lOr in method 2 

FaGua.: to-5.-Permeability test for use in saturated or unsaturated consolidated rock (4 ). 103·0·1474. 

z 
z 
0 

~ 
0 
c 
~ 
r-
0 
~ 
r,.. 
::r:: 
0 
r,., 
en 
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258 GROUND WATER MANUAL PERMEABILITY TE 

'fABLE 10-2.-.ronrer.,ion of hydro.~l~tic preu11reR in po1mds per squat'e ;,. 
1nch to heads of water m feet. 10:1- D-1487. 

PQH)S AOOIT!ONA~ UNITS 
PER 

SO IC:H 0 2 3· 4 5 6 7 I 9 

0 2 31 4 62 6 93 9 24 II 55 I] 86 16 17 1148 20.79 

10 2310 25 41 27 72 3003 32 34 3465 3696 39 27 41.51 43.89 

20. 46 20 4151 5012 5] I] 55 44 5775 6006 62 37 6468 66.99 

30 6t 30 71 61 7392 76 23 7154 110 85 1316 115 47 1771 90.09 

40 92 40 9471 97 02 99 33 101 64 10395 106 26 10157 110.11 113.19 

50 115 50 117111 120. 12 122 43 124 74 12705 129 36 131 67 13398 13629 

60 138 60 14091 14] 22 145 53 14714 15015 152 46 15477 157.01 159.39 

70 16i .70 164 01 166 32 16163 170 94 113 25 1.75 56 17717 110.18 182.49 

10 114 10 117 II 119 42 191 73 194 04 196 35 19166 20097 20.3 211 205.59 

90 207 90 210 21 212 52 21413 21714 219 45 22176 224 07 226 31 22869 

J 
100 231 00 233 31 235 62 237 93 ; 240 24 242 55 244 86 24717 249.41 25179 

~ 
110 254 10 25641 251 n 261 03 263 34 26565 26796 270 27 2n.58 274 89 

120. 277 20 219 51 2111 112 2114 13 2116 44 288 75 29106 293 37 29568 29799 

' 130 300 30 302 61 30492 307 23 l09 54 311 115 31416 316 47 31178 321 09 +· 
~t· 

140 323 40 325 71 32802 330 33 332 64 334 95 337 26 339 57 34188 34419 

s 150 346 50 34811 351 12 353 43 355 74 358 05 360 36 362 67 364 98 367.29 

160 36960 371 91 374 22 376 53 378 84 381 15 383 46 38517 31111 011 390 39 
) 11'0 39L70 39501 39732 39963 401 94 404 25 406 56 408 87 411 II 413 49 

~ 110 41!10 418 II 420 42 422 73 425 04 427 35 42966 431 97 434 28 436 59 

190 43190 441 21 443 52 44583 44814 45045 452 76 4S507 457 38 45969 

20.0 462.00 464 31 466 62 46893 47124 473.55 475 86 471117 480.48 482.79 

.lfethod 1 : Thi~ method is primarily npplirnble to t£>sting in con-
solidated rot·k which requir£'s cn:-:ing als the hole is drilled, nlthough 
it may be 11:'£><1 in stnble muterinl if dt>,-ir<'d. The hole is drilled, the 
tools remoYed, ll ptH'k<'r ,;<'nted n !!iY£'11 di,.;fnnc·<' nbo\'<' the bottom of 
the hole, water under pr<',.;,.:urc is pump<'d into th<' t<'st sC'ctiun, amd the 
readings recorded. The pncker i,; then n•movt'd, t hC' holt' drilled deep£>r, 
the packer is in,;erted ,.;u as to len,·e the fulllen~th of the newly drilled 
hole within the test ,;ection, nnd the tt•st r£>pent£>cl. 

~olfethoc/2: This method is npplil'liLle in t•on,.;olidnt<'d rot·k which is 
stable and does not require l'ementing. The hole i~ drilled to the finn! 
depth, cleaned, nnJ blown out or bnilt>tl. Two ptll'k<'rs, spnt'<'d on pipe 
or drill stem to isolate the tl<',:.ir£>ll t~,.;t s£>ction, nrc us('(l. Te~t~ should 
be started at the bottom of the holt-. Aft£>r eau·h test, tho pipe i~ lifted 
a distance equal to the ..t tlimNt,.;ion shown on figure 10-5 nntl the test 'ii 
repeated until the ~ntire hole i~ tested. "" i 

V'l 



PERMEABILITY TESTS IN INDIVIDUAL DRILL HOLES 

TABLE 1 o-1.-Conrer~ion nj heads of u:ater in feet to hydrostatic pres
sures in portnds per ·''J.'Iare inch. 103-0-1486. 

MUD &DOITIOMAL IJIITS 
IJI 

FEET 0 I 2 5 4 5 6 7 a 9 

0 - 0 43 0.87 I 30 173 2.17 2.60 3.03 3.47 390 

10 4.33 4.77 5 20 5.64 1.07 6 so 694 737 1 eo 8.24 

20 8.67 910 9.54 9.97 10.40 10 84 11.27 II TO 12.14 12.57 

50 13.00 15.44 13.87 14 51 14.74 15.17 15 61 16.04 16 47 16 91 

40 17.54 1777 18.21 18.64 19.07 19.51 19.94 20 37 20.81 2124 

50 21.67 2211 22 54 22.98 23.41 23.14 24 21 24 71 2514 25.58 

60 26.01 26.44 2611 2731 27 74 2111 21 61 29 04 29.48 29.91 

70 30.34 30.71 31 21 3165 32.011 32 51 l2 95 33 38 33.111 34 25 

80 34.68 35 II 35.55 35 911 36.41 36 85 37 211 37 71 311. 15 38 511 

90 39.01 39 45 3911 40 32 40.75 41.111 41.62 42.05 42.411 42.92 

100 43 35 43 71 44 22 44 65 45.08 45.52 45.95 46 311 46.112 47 25 

110 47.611 48.12 411.55 41 99 49.42 49.85 50 29 50.72 51 15 51.59 

120 52.02 52.45 52119 53 32 53.75 54.19 54.62 55 05 55.49 U92 

130 56.36 56 79 57 22 57 66 511.09 511 52 58 96 59 39 59 112 60.26 

140 6069 61 12 61.56 61 99 62 42 62 86 63 29 6372 64.16 64 59 

150 65 02 65.46 65 89 66.33 66.76 67.19 67 63 &II 06 611.49 6893 

160 69 36 6979 70 23 70.66 71 09 1 I 53 71.96 72.39 72.113 73.26 

170 13 69 7413 14 56. 75 00 .15 43 75 86 76.30 76.73 77 16 77 60 

180 78.03 78 46 71190 7933 79 76 80.20 80 63 Ill 06 Ill 50 Ill. 93 

190 82 36 112 80 83 23 83 67 11410 84 53 114.97 115 40 85.83 86 27 

200 86 70 8 7 13 87 57 88 00 88.43 88.87 89.30 89.73 90 17 90.60 

(k) .·lrranyement of Eq,tlpment,-Rerommended nrmngement of 
test equipment stnrting nt the ,;ollt'l'l' of wntl•r is 1Ls follow,;: 

So11n·e of wntt•r, sul'lion line, pump, wnterline to settling and 
:o;tornge tnnk or bn,..in, "'"l'tion line, l'l'ntrifugnl test p11mp, line to 
wntermet<'r ndnpter (if r<'quired) ot· to Wl\tcrmcter, short length 
o( pipl', plug ,·nlv<', wnterline to swiY<'l, ,;ub for gn~E', nntl pipe or 
rod to p1H'ker. Allt·otmcl'tions should be k<'pt a\s short und struight 
t\s possible with 11. minimum numb<'r of chungcs in dinmctcr of 
hose, pip<', etc. 

All joints, t·otm<'dions, nnd hose bctWl'l'll the wat<'rmet<'r amd the 
pa\ckcr or t•nsing should be tight so no wnter loss occurs between the 
meter amtl the test section. 

(I) /'mfsrtrt Pumrability Tt~t .\lt:thods.-A sl'lll'nuLtit: tlmwing of 
the following two methods is shown on fi~urc 10-5. 

; .. ) 
i 

. ~ . 

' __ ,., 
... ~ 
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256 GROUND WATER MANUAL 

(fC) Location of Pre.Mrm Gage in Te.~t.,.-The ideal location Cor a 
pressure gage is near the W£'11 hl'acl, prefl'rably between the packer and 
the swivel. 

(h) Recommended Wafermeters.-Required water deliveries in pres
sure tests may range from ll'~s than 1 gnllon per minute to as much u 
400 gallons pt>r minute. Xo one ml'ter is ~ufficiently accurate at all 
rangt>s to be reliably used. Tht>rl'forE', two mE'ters are recommended: 
(1) a 4-inch propellt>r or impeller-type meter to measure flows between 
50 and 350 gallons pt>r minute; and (2) a l-inch disk-type meter Cor 
flows betwet>n 1 and 50 gallons per minute. Ideally, each meter should 
be equipped with an instantaneous flow indicator as well as a totalizer. 
Watermeters should be tested frt>quently to a~sure reliability. 

Inlet pipe adapters ~hould be anilubl<> for each meter to minimize 
turbulent inflow. The adapters ~houlcl bent least 10 times as long as the 
diamett>r of the rated size of tht> mE'ter. 

(i) Length of Time for Tests.-The minimum lt>ngth of time to run 
a tt>st dept>nds upon the nature of the mnt<>rinl tt>~ted. Tests should be 
nm until stabilization occurs; that i~, until three or more readings of 
water intake nnd pre:<-sure tnken IH 5-minutl' intl'rvnls nre essentially 
equal. In tt>sts nbove the water tuble, wntt>r ,.;hould be pumped into 
the tt>st st>ction at the dt>sirt>d pr(',.:,.;urt> for nbout 10 minutes in coarse 
materials or 20 minutes in fin<>-grnined mn tl'rinls before making 
measurements. , 

Stability is obtained mort> rapidly in tt>,;;ts bt>low the water table 
than in unsaturated material. Whl'n multiple pre~sure tests are made, 
uch pressure tht>oreticnlly ,.;hould be mllintnined until ~tnbilization 
occurs. This is not prnctimblc in ,;orne 1'11:<-l's, ho\\'e\·l'r, but good 
pral'tice requires thttt l'nch pr<>:<-,.;urt> stop bt> mnintnin<>d for at least 
20 minutt>s with intnke nnd pr£',.;~url' rl'tldings llltHI£' nt 5-rninute in
t<'n·als as the pressure i,; inrr£'u~NI nnd for 5 minu t£'s ns pressure is 
tlecrt>nsed. 

(j) Pressures to be Csed in Test:ny.-Wlwr£' ,-uh,.;urftH'<' <'Onditions 
Cor proposl'd r£',.;t.'n·oirs or othl'r wutt>r-impounding or ~torn~!' fndlities 
nre bt>ing irl\'<'sti~nt<'d, th<' thPol'l'lil'u[ minimum pr!',.;,.;ure u,.;t•tl in the 
test s<>dion should l'qunl th<> ht•utl irnpos!'d hy thl' rnuxirnurn rl'~£'rvoir 
le\·t>l. How('\"('r, w)}('n t(',.;t~ nn' mndl' in ltwution.- wlll'ro tlu~ ~-trountl 
surfurc is bPiow the propo~t·d mnximum poollt•v('l, th<> u.-c of ~uch t<>~t 
pre.-sures mny be imprndicnl bt>l'llll,.;l' of tht• tlnng('r or blowouts or 
Crnrturing the hole fnce. Untlt•r tllt'sl' t·onditions, n ,.;nfH Pl'!'s.-ur<' in 
consolidntl'd l't)('k i.- 0.5 pound pl'f "'lllllrt• i111·h. or 1.15 ft•!'t of wntt'l' pl'r 
Coot of depth from the ~round surfn!'c to t.ht• top of lht• ll'~t ~l'l'!ion. 
In nil oth('r.lot'ntion~, the snntt• l'l'it••rion i.- n~o:ood ntlt•-of-thumb ~uitle. 
Tub[('~ IQ-1 nntl 10-2 nr(' (H'o\·itlt•d fur t'OII\'I'rtilll: ptllllttl~ p1'1' sttllnrc 
inch to ft•ct of wnt<'r 11ntl vit·(' nr~n, rt•spt•t·ti\'t'ly. 

~ PERMEABILITY • 

~/91 . . 
TABLE 1 o-t.-Co~ !'l'r.~ ton nf 

sure.~ tn portnd:~ l' 

(k) .\rranyement 1d Eq•tiJ, 
te.-t ('!pt i pnwn t ,;tnrt in~ tlt t h· 

SOlll't'<' or wnt£'r, ~ut'li• 
.-tom~o:e tnnk or hn,.;in, "" 
wntcrml'h'l' lttlnpt<'r (if r· 
of pipt•, pl11!: \'nh•t•, wntt•; 
rod to pnt·kl'r. All t'Oilllt't'l 
us po,.;~ible with n mini11 
ho.-c, pip!', t•tc. 

All joint~, t•tmrw•·tion~, ntul .1 
pnekt•r or t•w;in~ shoult~ ho It~ 
meh•r 1U1tl tho tl',;t "''elton. 

(I) l'rl'.~1111 ,.,. f'n·mt'llbility. 'I 
the following two mt'lhotls ts ' 
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the casing when making a test unl<'ss the casing has been grouted in 
the hole. Except under the most adv£>rse conditions, the use of test 
sections greater than 20 fe<'t in lenj?:th is inadvisable. Longer test 
sections may not pt>rmit suffici£>nt localization of penneable zones 
and may complicate computations. 

(d) Size of Rod or Pipe to· c~e in Te.~I.,.-Drill rods are commonly 
used as intake pipes to make pr<',;,;ure and p<'rmeability tests. NX 
and NW rods can be used for this purpose without seriously affecting 
the reliability of the test data, if the intake of the test section does not 
exceed 12 to 15 gallons per minute and the depth to the top of the 
test section does not exceed 50 feet. For g<'neral use, 1 Y.-inch or 
larger pipe is more ,;ati,-factory. Figures 1Q-1 through 10-4 show 
head losses per 1 0-foot ,;£>rtion at ,·nrious delh·eries of water for 
different sizes of drill rod nnd 1 ~Hnch pipe. Th<',.;e figures were com
piled from experimental t<',;t,.;. The de,-irability of u,.;ing the 0~-inch 
pipe, particularly wh<'re hol<'s 50 f<'et or more in depth are to be tested, 
is ob\'ious from study of the graphs. The couplings on the 0~-inch 
pipe must be turned down to nn out,.:icl£> diameter of 1.8 inches for 
use in AX holes. 

--~ 

(e) P11mpiny Eq,tipment.-T<'~ts are commonly run using a mud 
pump for pumping th<' wnt<'f. ~u!'h pumps are gent>rnlly of the multiple 
cylinder t_ype with n uniform fturtuntion in pr<',.;,.;ure. ~lnny of these 
pumps ha,·e n mnximum c·npncity of about 25 gallons p£>r minute 
and, if not in good f.'onclition, the rapadti<'" may be us ,;mall as 17 to 
18 gallons per minute. 'l'<',.;ts nr<' oftE>n diffirult. if not impossible, to 
analyze bernu,.;e stl!'h pumps clo not lun·e ,;uffirient capacity to de,·elop 
back prl',.;sure in t h<' l<'ngt h of hole bl'inj?: It>,.; ted. When this happens, 
the test,; nr<' g£>twrnlly r<'portt'd: "took rnpncity of pump, no pressure 
de\'elopt>d." Thi,; result doe,; not permit detf'rminntion of permeability 
of the mnterinl tt•,.;tf'd other thnn it j,.; probably hi~h. The fluctuating 
pre,;sures of multipiP c·ylinder pumps, £>\'<'n when nn air chamber is 
used, ore often diffirult to rPnd accurately b('(·nuse the high and low 
readings must be ll\'t'fll~<'d to dell•rmine the nppt·oximate true effective 
pressur<', a cliffic·ulty whi<'h mny be a ,;ource of error. In addition, 
sur.h pumps ocrnsionnlly cll'\'t>lop instantanl'ous t'Xcessively high pres
Rures whkh llli\Y fr.wture the rork or blow out a pa(·ker. . 

P<'rmc•nbility tc•sts mncle in drill hall's iclenlly should be performed 
using c·<'ntrifu~al pumps hn\'ing suffid<'ltt c·apneity to develop back 
Pr<'ssurf'. A pump with a c·npal'ity of up to 250 gallons per minute 
agninst t\ totnl lwncl of 160 f<><'t would be adequate for most testing. 
H<>ntl nncl clisc·hnr~<' or suc·h pumps nrc c•nsily controlled by changing 
en~inc spc•c•cl or with n rnntrol \'nh·11 on the cli,;<'hnr~c. 

(f) S!L'it'fls fur U.>~t in Tt'sls.--."iwh·f'ls u:o~<'d for tt>sting :o~hould be 
selected for minimum hl'acllosses. 

--, 
-~ 

. . ,. 



ATTACHMENT 2 - Conclude 

660 INPUT •u(LL PAOIU~Ir)•;P~ 
6HO ltii'UT "ltulo'CHOI.£ RAOIUSCNJ";PB 
6'10 INI'IJT •T IMf- LAG- TIME AT UHI(H CH-h) I CH-Ha )•IDE-. 434JCTa) • iTO 
7UU t•lo'U•RU•LOGCLIP8)17.1LIJO 
710 LPPINJ •fON U£lL WAOIUSCr)• •;P~ 
7411 L fJIII NT "HUN[HOL[ RAO I USI R) • • tfoiH 
7SO LPNJNT "AND liME LAGITal• "iTO 
7~S LPRINT "••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••" 
760 LPNINT •THE CALCULATED HYDNAULIC CONDUCTIUITYC~I• "iK 
7bS PRINT •tHE CALCUlATED HYDRAULIC CONOUCTIUITYIK)• •;K 
710 INPUT •oo YOU I.IANT ANOTHER RUNCYES OR NO) ";A~ 
772 li'IIINT "••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
771 LPNINT •• 

1 

1·1s LPNIUT •• 
777 LPRINT •• 
7b0 If A~•"YES• THEN IOD 
7'10 If A•<>"NO• THEN 77D 
BID END 
BlO PWINT •FERRIS-•NOI.ILES ~THOO• 
810 LPNINT "fERRIS-~NOI.ILES nETHOD" 
840 INPUT "UOLUH£ OISCHARG£010)•"10 
H'•ll INt'UT "NECIPNOCAL Of TltiEC11&)•"1RT 
HbO INPUI "DWAI.IDOWN AT II\ (&)••&5 
BHO K•U•RT/SILI12.566l71 
lt'IO LPfiiNT •FOR• DISfHARG£(0)• •aO 
~00 LPRINT "RECIPROCAL Tl~Clll)• •&RT 
~10 LPNINT "ONAI.IOOWH Ce)• •&5 
~JO GOTO 755 
~40 PfliNT •COOP£R-BR£0£HOEFT-PAPAOOPUL05 nFTt~O· 
~~0 LPRINT •COOPER-BREOEHOEFT-PAPADOPULOS nETHOD" 
~i.O INI'Ul "RADIUS Of I.IELL CASINGCRc)•"iRC 
~70 INPUT •TitlE FOR POINT ON HAlCHED TYPE CURUEC&)••aT 
'l'lll lt•NC•RCIT IL 
1000 LPRINT "FOR•I.IELL RADIUS CRc)• •aRC 
1010 LPWINT "IIHEC&)• "IT 
IDJO GOlD 1!15 

• 

··~ • • • 
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~-~•••~•••••••••••••••••••••••••••••••••••••••••~~~~HMEH~ 
••••••••••••••••••5LUG/BA~•••••••••••••••••••••••••••••••••• 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

THI5 PPOGPAH 50LV£5 FIVE SLUG TEST HF.THODS• 5~1RITS~EoBOUYEA-AICEe 
HVOR5LEVofEPRIS-KNOYLES AND COPPEA-8PEOEHOEF1-PAPAOOPULOS. 
IT YAS YRITTEN BY JIH RPINKHAN Of SH'B 

PRINT •SLuG TEST SOLUTIONS• 
LPPINT • • LPPINT •••••••••••••••••••••••••aa1111111111111111111111111111111111111111• 

INPUT •WELL IDENTIFICATION- •aN• 
LPPINT •wELL IDENTIFICATION- ••N• 
INPUT • DATE Of TEST PUNT•ao• 
LPPINT •DAlE Of FIELD TEST- •a o• 
INPUT •LENGTH Of CONTRIBUTING INTERVALe(L)•aL 
LPPINT •LENGTH OF CONTRIBUTING INTEAVALeCL)• •1L INPUT •CHOSE tU:THOO OF ANALYSIStSKIBI TSKEI l) eBOUI.IERC2) eHVOASLEVCJ) eFERRIS-KNOWLESC4) 

If HA<l OR HA)5 THEN 150 
ON HA GOIO l~Do2~0ob40e820t940 
PAINT •SKIBITSKE HETHOO• 
LPPINT •SKIBITS~E HETHOO• 
INPUT •INPUT VOLUHE DISCHAAGE(Q)•tO 
INPUT •INPUT RESIDUAL O~AYDOWNCe•)•aS 
INPUT •INPUT TIHE OF RESIDUAL OAMIDOWN f£ASUAEttENTeta•aT 
1(•0/T/S/l7.Sb637l/L 
LPP.INT •roA DISCHAPGECO)• •aO 
LPRINT •A~SIOUAL DPAYDOYNC•'•• •aS 
LPRINT •TI~ TO RESIDUAL DRAWDOWNCt)• •aT 
GOTO l!JS 

0 PRINT •BOUWER-RICE HETHOD• 
0 LPPINT •&OUWf.R-RICE HETHOO• 
0 INPUT •WELL RADIUSCRc)•aRC 
0 INPUT •ROPEHOLE RADIUS CR~)•tRW 
0 INPUT •HF.AO AT ToCYa)•tYO 
0 INPUT •TtHE TO HEAD HEASUREHENT(t)•aT 
0 INPUT •HEAD AT TIHE tCYt)•aYT 0 INPUT •DISTANCE FROH WATERTABLE 10 BOTTOH OF OPEN OP SCAf.ENED INTERVALCL•)•ILY 
0 INPUT •DISTANCE FROtt WATERTMILE 10 I"PERt£ABLE BOUNDARY( H) • IH 

0 If H•LY THf.N 480 
D O•LOGCCH-LY)/PW) 
D If 0> •• THEN D••· 
0 X-LOGCL/RY) JO IF K)4,7875 THEN A••.J4SS•X•Xt5.92D'•X-t5.2747 ELSE A•.49t•X•X-2.0451Xt] •• 9l 

40 If X)5.247 THEN B•-.l2•K•Kt2.5128•X-8.7825 ELSE B•.D•S~•x•X-.2&7aKt.4241 
~~~ LPR•I.IC 1. liLOGtLY/RWUCAtBIO)IRW/L) 
70 GOTO 520 
AD K•LOGCL/RY) ~0 IF X)S.OlD' THEN C•-.7887•K•Xtl2.10881X-37.8922 ELSE C•.SSll1XIX-2.0829•Xt2.5992 
DO LRP•l./(1.1/LOGCLW/RY)tCaRY/L) 
20 lt•RCIRCILRR/2./L/T•LOGCYO/YT) 
40 LPRINT •FOR YELL RAOIUSCAc)• •1 AC 
~n LPPINT•BOPEHOLE RAOIUSCR-)• •aRY 
80 LPPINT •HEAD AT TaCYa)• •1 YO 
~D LPPINT •TtHE 10 HEAD HEASUREHENTCt)• •aT 
DO LPPINT •HF.AO AT TIHE tCYt)• •ayT 
10 LP~INT •OI51ANCE fP~ YAlf.RTARLE TO BOTTOH OF OPF.N OP SCRFENfO INTEAVALCL•)• •aLY 

.7a"LPPINT •otSTANCE·fROH WATERTABLE 10 IHP[RttEABLE &OUNDARYCH)• •aH 
~ ,r~ r.o 1 o l!t-:t ••D P.PINT •· 'PSLEV HETHOO• 
·~U\~PRINl ORSLEU HElHOD• 

• 

' OR COPPEA-BAEDEHOEfT-PAPAOOULOSCS)•aHA 

' 

, 

, 

\ 

\ 
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•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
~£~~ J:£,~1~1CA~:O~· ~K~:1-~;1 · 
~~£ 0~ FlE~t ~£5~- 112.11•&• 
LE'G~~ 0~ CO~~~liJTJNG lNT£Rw4~tCLl• I 
S(:81T5K£ ~[TH~O 
FOR Ol£:~AR~£(Q)• .D .. 
R£5l0;JA._ Cli:.:..'OOI.IIIICs')• .D2 
TJ~£ TO R£Sl~~A~ D~A~DO~IIIItl• 6.IE•C3 
······~··························································· THE CA•CU._A~ED HYCiiA~LJC CONj~:TlVJTYCK)• •. S,.l 
·······~··:~!!!!!~·····~··~!··································· 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
-~-L l0£~T1FlCAT10N• LKVC1•S:1 
OA~£ 0~ FJE~D TEST• 812./1.8' 
L£,;1~ OF CO~~~:iJT:~~ l~,E~v~·CLl• I 
IO~wEP.•A!CE ~THCD 
~0~ w~~L IIAjl~!fRc)• .D!l 
I0~£~0.£ RA01UiCRwl• .2~ 
w[Aj AT TcCYc)• 2.5 
11~£ TO HEAD ~£A$~~£~£!11TCt)• 3.6?E•C3 
•EAO AT T:~E tCYtJ• .CS73 ::s~a,:E Fli~~ WA~E~~as~E TO e:~TO~ 0~ c=t~ Oli s:•£t,E: 1N•t•~a~CL•)• 
DJSTa,:E ~•o~ "'"~E:;~as.£ oro 1~=£~"'£"=-E eo;.:,:aliTCHl• :::: 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Tt'IE CAo.t:.:~A-£0 HYDiiA,.n .. lt cot.j..;t'T:vJTY(r;)• 1.~'1::tt 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
wE~L !~ts•oFltATJON• LK~C1•S:1 
DA~[ 0~ Fl£~: T[$~- !12.1!·!~ 
LE'GTM O' ::,~•:&.TJNG JN~E~va..,CLI• S 
IOJ~E-·R!CE ~£'THO~ 
~:II .ioiEO.L RAjJUS<Rc I• .C!3 
e:•t~O•E RA~lUS<Rwl• .2~ 
~AD AT Tc<Ycl• 2.5 

1 •. ~~ 

Tl"'E TO toi[AD ~EA$;.!11£~£NT(tl• 3.1."7[•t3 
~£A0 AT Tl"'E t(Ytl• .C!"73 ::s~A~:t ~=r~· ~~.~t;•ae.E TO eo~·e• o~ o=r' o• s:•££~£: JN-Eii•A~<Lw>• 1•.7~ 
cts~A~:£ ,;:~ ~o~A"t=r·~s-E ~o 1~~£~~t~s.E ==~~:t.c·c~:· 1•-"~ 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
~~£ CA~C~~A·E: ~,.:;A~~lt t~~~~:Tlv:TY<~>· 2.2~l~: 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

. . ·-··----' •·•·•······••··••····•···•····••••••·•··••·•·•··•·····•·····•·•··· 
-· ~E.L Jj£,•1fi:ATlON· LtC.\It1·~C3 

DA~E o~ '1£~t T£5·- ~~~~~·S' 
LE'G"• O' ::,~;:e~~~N~ 1NT£~\IA~·CLl• S 
f!4.;0RS.E\I I'\£Tt'IOC 

':~ U[~L •ACSUS<~l• .C!l 
IOR£~0-E RA:lUS<R>• .2~ 
-~~ Tl~E LAG<Tcl• 3.,7E•C3 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
THE CA .. tULATEC ~y~R~J~lt tcs:~tTlVl~Y(K)• .S••~'' 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
WEo.L ::iE~T!,JtAT!ON- R1,:T:1-7:' 
CAT£ OF FlE~D TE!~- 111.11•1~ 
LE~GT~ 0' CONTRl&~Tl~G 1NT[Rva...CL)• S 
FER;J&•KN0~.£5 ~ET"OQ 
FO•• D1SC~A;.£<CI• .~S' 
•t:l~ROC~ Tll'\£(1/tl• 17 •• 
DRA•DO~ ,.,. .I •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
THE CA~t~.ATED ~¥~;A~~1C COS~UtTJvJTY<Kl• .c••::~1 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
WE~L lDENT1~JtAT1Ch• •vT01-7D' 
DA•t OF Fl£~D TEST• 1/1.11.!! 
LE'~'~ O' tc,~~<:e~Tl~G lN~EII~AL•CLl• I 
teoc£•-a•E~E·OE'T·P•~A~O~~LOS ftE'THOC 
'0••1.1£-L •~:suS CRcl• .CI3 
T1~£(tl• 6.1E·t3 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
T~E CALC~-A~£0 ~~CCA;.!~lt CO~j~:Tl~l~Y(tC.l• .33•~'· 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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The greatest relative error due to matching of the curves occurs when the 
published value of C•1.05 and the numerical value c 0.72. For test cases with 
l ranging from 10 to 200, l ranging from 2 to 10 and R ranging from 
0~083 to 0.25, the maximum r&lative error was approximatlly 16 percent with 
lw•200, le•2 and Rw • 0.25. For most cases, the relative should be much 
less than.S percent. 

o Hvorslev Method 

- Used for unconfined units. This method is valid only if a reasonably fit 
straight line through the data curve of log (residual drawdown/initial 
residual drawdown) vs. time passes through the point (1,0). 

- Input data are: 

1. Well radius (r) 
2. Borehole radius (R) 
3. Tim: lag (T0 >. TR is th~ 1o!ts4~hen 

res1dual drawdow ) • 10 
(residual drawdown/initial 

The equation solved is: 

Kcr21 n (L/R) 

2 L T
0 

o Ferris - Knowles Method 

- Used for confined units with K<O.S em/sec 

Input data are: 

1. Volume discharge (q) 
2. Reciprical of time (1/t) 
3. Residual drawdown at time, t (s) 

The values of 1/t and s are taken from a straight line fit through the 
data ·points. To be valid, this straight line fit must pass through the 
origin. 

The equat·ion solved is: 
fV , 

K• Q (1/t) ·:; (t)f~ 
, 

,. f i 

: ~,I it' I ·'( 

41'SL 1 ·jf (I J { 1 r j 
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o Cooper-Bredhehoeft-Papadopulos Method 

- Used for confined unit with K<0.5 em/sec. 

- Input data are: 

1. Radius of well (r) 
2. Time representing point on matched type curve (t). 

t is obtained from matching the data points of residual drawdown/initial 
residual drawdown vs. log of time to a type curve found in the referenced 
report. 

- The equation solved is: 
2 

K• r c 

JP/11 

----tl 

C. User • s Manual 

Sltxi/BAS is very easy to use. All input is prt1Tipted by explicit commands. 
The information supplied in Part 8 is a User•s Manual. 

0. Code Assessment and Support 

To assess and verify the computer code, exa:npl es of each method with hand 
calculation checks are supplied (Attachment 1). Given the simplicity of 
the calculations, these checks are sufficient verification. The present 
version of SLUG/BAS is the only presently available version. 

E. Continuing Documentation and Code Listings 

The code listing 1s supplied as Attachment 2. 

• 

• 
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Curve A 

Le/rw X • Ln(Le/rw) A 

4 1.386 1.8 
32 3.466 2.5 

120 4.787 5.15 

120 4.787 5.15 
450 6.109 8.0 

1600 7.378 9.6 

Parabola 1: A=0.491x2-2.045x+3.691 

Parabola 2: A=0.3455x2+5.9206x-15.2747 

Curve B 

Le/rw X • Ln(L /r ) B e w 

4 1.386 0.25 
27 3.296 0.43 

190 5.247 1.1 

190 5.247 1.1 
525 6.263 2.3 

1650 7.409 3.3 

Parabo1a 1: B= 0.0659x2 - 0.217x+0.424l 

Parabo1a 2: B= 0.12x2+2.5128x-8.7825 

Curve C 

Le/rw X • Ln(Le/rw) c 

3.8 1.335 0.8 
32 3.466 2.0 

150 5.011 6.0 

150 5.011 6.0 
370 5.914 9.7 

1650 7.409 13.0 

Parabola 1 

Parabola 2 

Parabo1 a 1 

Parabola 2 

Parabola 1 

Parabola 2 

Parabola 1: C • 0.551lx2 - 2.0829x+2.5992 

Parabola 2: C • -0.7882x2+12.7088x-37.8922 

figures 1, 2 and 3 show a comparison of the pub1ished curves and the curves 
deve1oped with the numerical approximations. 

.. -· ··--·-·····----- ------------- ·-----····~ ·- .. 

• 

• 
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1. Well Identification 
used. 

Example: 

LKV02-508 
I b C 

-2-

it is recommended that a nine space identifier be 

1 Is three letter site designation 

b Is two n~ber designation for processing site or 1 specific alternate 
disposal or borrow site. 

c Is three number we11 designation. 

2. The day the field test was initiated. 

3. Length of contributing, i.e., screened, packed, etc., interval (L). 

4. Which one of the five methods will be applied. 

A description of the use of the five methods follow: 

o Skibitzke Method 

.. Used for well completed in confined units with low permeability; 
residual drawdown should be at last ·measurement before complete 
recovery. 

- Input data are: 

1. Volume discharged or added (q). 

2. Time from test initiation until residual jrawdown measurement (t). 

3. Residual drawdown measurement at time, t (s). 

The equation solved is: 

K ·~ 
41"sLi" • ~ 1/tofq I 

o Bouwer-Rice Method 

- Used for wells completed in unconfined units • 



.. 0 .. rBc:'hJ 

- Input data are: 

1. Well radius (r ) 
2. Borehole radiue (r ) 
3. Residual drawdown It the initiation of test (Y ) 
4. Time to residual drawdown measure~ent (t) 0 

5. From straight line fit of log (residual drawdo~n) vs. 
time, residual drawdown at time, t (Y ). 

6. Distance from the watertable to the b~ttom of the 
contributing interval (L ). 

7. Distance from the watertlble to an impermeable boundary (H). 

- The equation solved is: 
2 

K~"c . ln (Re/rw) 

2L (t) 

Re is effective radius. 

-
y

0
, where 

ln 

The term, ln (R /r ) is determined with one of two empirical 
relationships. e w 

R e 
~ 

1 
For partially penetrating wells, ln 

rw I. I +
A+ B ln[(H-L )/r J w w 

ln (Lw/r w> 

for fully penetrating wells, ln R 1 e ~ 

1.1 + c 

~ 
'1/3!/91 

• 

• 
rw -------

ln (Lw/rw) 

A, 8 and C are empirical coefficients derived from curves based on the value 
of Le/"w (Figures 1, 2 and 3) 

Each of the three curves was matched numerically with two parabolas fit to the 
curve. The points used for the parabolic numerical fits and the resulting 
parabolas follow: 

• 
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Techni~al Assistance Contractor 
~~b~ACe~~~~TtAvenue NE, Suite 1400 
Albuquerque, New Mexico 87108 ., ..... 
This program solves 4 very simple slug test methods and one rather involved 
method. For four methods, a value or values obtained from a graphical repre
sentati~n of the test data is required input. The program is user-friendly 
and interactive. All input and the calculated value of hydraulic conduc
tivity are printed. 

Slug Test 

,, ........ , ., ...• ·····-··· .... , .. , ... 
TRSDOS ..... 
None None One 

Printer 
,, ................. , ........ ······-··"• .......... .. ..... .......... ... ....... 
~ c OJ 0 
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B. Mathematical Models and Numerical Methods 

SLUG/BAS is a user-friendly BASIC program to analysis slug test data. This • 
program can be used directly on the TRS microprocessors linked with a 
printer. Five slug test methods can be solved. 

o Skibitske 

Oeterminin Permeabilit Transmissibilit and 
upply paper 36-I, pp-293-298. 

o Bouwer-Rice 
Reference: Groundwater Hydrology, 1978, Herman Bouwer, p-114-118. 

o Hvorslev Reference: Time in Ground-Water ~~~~~--~~--~~~~~~~~~~~~~~~~~~ 
Observations, 95 , No-36, · Waterways 
Experiment Station, of Army, Vicksburg, 
Mississippi. 

0 Ferris-Knowles 
Reference: Methods of Determining Permeabi1 i ty, Transmi ss i bil i ty and 
Orawdown, 1963, USGS Water-Supply paper 1536-I, pp-299-304. 

-:· 

0 S.W. Lohman, USGS 

For all the methods except Bouwer-Rice, very simple equations are solved. • 
The Bouwer-Rice method is much more complicated and em pi ri cal than the 
other methods and the solution by hand is rather time consuming. The 
primary benefit to using this program is that all input data are printed in 
a uniform format and documentation and certification, i.e., calculation 
checking, is very easy and quick. For all methods consistent units must be 
used. 

The following Section satisfies all applicable requirements of parts, 2, 3, 
4, and 5 of Section Band also serves as a User's Manual. 

To run: 

1. Insert diskette into TRS microprocessor. 
Be sure printer is attached and on-line. 

2. After initializing microprocessor, i.e., entering date and time, enter 
BASIC by typing BASIC return. 

3. Wait until micro response, then load program by typing LOAD •suJ;/BAS" 
return. 

for all five methods, first input: 

4. After program is loaded, then run program by typing RUN return. • 
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1.1.5 

.-

l:}f( 
:r/$~ln 

11f?/ The time required for a slug test to be completed is a function of the 
volume of the •slug", the hydraulic conductivity of the formation and 
the type of well completion. The slug volume should be large enough 
that a sufficient. number of water level measurements can be made before 
the water level returns to equi1 ibrium conditions. The length of the 
test may range from less than a minute to several hours • . 
If the well is to be used as a monitoring wel 1, precautions should be 
taken that the wells are not contaminated by material introduced into 
the well. If water is added to the monitoring well, it should be from 
an uncontaminated source and transported in a clean container. Bailers 
or measuring devices should be cleaned prior to the test. If tests are 
performed on .more than one monitoring well, care must be taken to avoid 
cross contamination of the wells. 

DATA ANALYSIS 

he analysis of slug test data is based on the modification of well
nown ground water flow equations (either the Th~m equation, the Theis 

t equation, or subsequent modification). Several authors have presented 
analytical solutions for the analysis of slug test data. Most 
solutions require a semi-logarithmic plot of the data collected: 
imensionless head (logarithmic scale) or residual head (logarithmic 

scale) versus time (arithmetic scale). 

Hvorslev (1951) was one of the first researchers to publish techniques 
of analysis of either constant or slug (falling head) tests in 
near-surface saturated soils. His analysis for slug tests involves a 
semi-logarithmic plot of the falling head (or water level) divided by 
the initial head against time. Basic algebraic equations are presented 
for different configurations of· the soil relative to the test hole. In 
general, the permeability is proportional to a "shape factor" and 
inversely proportional to a a "time lag". The "shape factor" is 
determined from the test well characteristics or dimensions. "Time 
lag" is determined from the semi-logarithmic plot. 

Cooper et al (1967) and Papadopulos et al (1973) developed a set of 
type curves for analyzing slug test data, particularly for tests run in 
materials which are confined (under artesian pressure). The field data 
are plotted as dimensionless head (arithmetic scale) versus time 
(logarUhmic scale) and matched to a set of type curves. The match 
point values are substituted into ~imple algebraic formulated to obtain 
a value for K (Appendix 1-l). 

Bower and Rice (1976) and Bower (1978) developed a technique for 
analyzing slug test data collected from completely or partially 
penetrating wells in unconfined aquifers. Their analysis involves a 
plot of residual head (logarithmic scale) versus time (arithmetic 
scale). A straight line is applied to the early-time data and used to 
calculate a value for K. An example of the use of this technique is 
presented in Appendix 1-2. A plot of the data and calculations are 
included • 

Page 5 
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Pressurized slug test ~thods have been developed for testing extremely 
low conductivity (10- em/sec or lower) materials (Bredehoeft and 
Papadopulos, 1980). Basically, the pressurized slug technique is a 
modification of the conventional slug test discussed previously. The 
advantage of the pressurized slug technique 1s the reduction of time 
required to perform a test in tight formations. This method involves 
ere at ing an instantaneous pressure surcharge on drawdDwn in the test 
zone, then closing a valve to shut in the well. Based on the rate of 
decay of the pressure slug and the geometry of the test zone, the 
transmissivity, hydraulic conductivity, and storat ivity may be 
calculated. 

purpose of this section is to briefly describe the use of aquifer 
· tests to evaluate aquifer characteristics. Aquifer pumping 

tests, ommonly referred to as pump tests, are used to determine 
hydraulic character 1st ics and properties of water-bearing zones. 
Pumping tes provide results that are often more representative of the 
aquifer's cha teristics than do slug tests. 

Aquifer characte 'sties Which may be obtained from ·pumping tests 
include hydraulic onductivity (K), transmissivity (T), and specific 
yield . (S ) for unc fined aquifers and storage coefficient (S) for 
confined 4quifers. 

Equipment, personnel an time commitments needed to conduct pumping 
tests ire greater than ose required for slug tests. Briefly, a 
pumping test consists of pu ing one well and recording the drawdown in 
the pumping well and in other arby observation wells. 

There are advantages and disadva ages of pumping tests. Some of these 
are listed below. 

Advantages of pumping test: 

0 

0 

A greater portion of the aquife 
obtained may be more reliable and 
character~~tics. 

Coefficient of storage and 
determined • 

is tested and the results 
resent at ive of the aquifer 

va 1 ues can be 

Disadvantages of pumping test: 

o In low permeability aquifers long-term pumping y be required to 
complete the test and obtain reliable aquifer char cteristics. 

0 Disposal of discharged water may require special 
ground water is contaminated. 

Page 6 
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. 1-/3t/9J . 
Cap 7/at(?J 

A variety of drilling techniques can be used in completing the test 
well. These may include mud-rotary, air-rotary, coring and auger 
techniques. The type of drilling method used depends on the behavior 
of the material being drilled and the specific objectives of the 
project. Drilling without drilling fluids is preferred because this 

. prevents further contamination of the subsurfa~;e. Mud-rotary 
techniques are sometimes required in order to lubricate the bit and 
hold up the bore hole walls when relatively .thick, coarse, 
unconsolidated materials are · encountered. Augeri rig is normally 
performed without the use of drilling fluids and used in the drilling 
of relatively shallow holes with relatively cohesive materials. 

The construction of the test well is relatively simple and involves the 
assembly of the appropriate diameter casing (usually PVC because of 
lower cost) for insertion into the bore hole. A pre-slotted screened 
section is prepared and attached to the casing string, normally with a 
cap on the bottom (to prevent material from entering the bottom of the 
screen), and the whole assembly 1s lowered into the hole. If a gravel 
pack is necessary as a filter due to the aquifer containing very fine 
unconsolidated sand, then it should be placed opposite the screened 
interval using a tremie pipe. The annulus is then grouted from the top 
of the gravel pack up to the ground surface in order to allow hydraulic 

. connect ion only between the test well and the zone to be tested. The 
hole should be flushed or bailed before grouting if drilling fluid 
remains in the hole. If the ground water in the hole is highly 
contaminated, special safety precautions should be taken to control the 

;discharge water before test well development. 

EQUIPMENT 

Eqtiipment necessary to conduct a slug test include: 

o Well or bore hole 
o Water level measuring device 
o Known solid volume of particular shape (slug) that will easily fit 

into the well or bore hole or container to add or remove a known 
vo 1 ume of water 

o Watch with second hand 
o Semi-log graph paper 
o Indelible pen or pencil and paper 

A number of water level measuring devices can be used for measuring the 
depth to water in a well. An excellent device for measuring the depth 
to water during a slug test is the pressure transducer. An example 
strip chart data record is shown in Appendix 1-2. Accurate readings 
may also be obtained with electric water level indicators or weighted 

~ tapes with ploppers. Water level measurement by the wetted-tape method 
should be avoided as it may be difficult to obtain a sufficient number 
of readings for analysis of the test if the water level recovers 
quickly in a short amount of time • 

Page 3 
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PROCEDURE 

Before beginning the slug test, the following information should be 
recorded: 

o Site ID and well or bore hole location •. 
o Location and elevation of reference point from '!flich water depth 

measurements are made 

o Elevation of ground water with respect to the reference point 

o Date and time of test 

o Well depth, screen length, riser pipe radius .. well screen radius, 
and radius of the gravel pack plus the well screen or bore hole 
depth and radius 

o Aquifer or ground water zone being tested 

o Volume of water added or withdrawn or volume of solid cylinder 
(slug) 

o Type of measuring device used 

o Names of personnel conducting test 

The following procedures will apply to most slug tests. The field • 
procedures required for a particular slug test may be slightly 
different, however, and the procedures should be modified to that test 
as necessary. 

o Determine the static water level in the well by measuring the depth 
to water periodically for several minutes and taking the average of 
the readings. 

o "Instantaneously" introduce or remove a known volume of water to 
the well. Another method is to introduce a solid cylinder of known 
volume to displace and raise the water level, allow the water level 
to restabilize and remove the cylinder. It is important to remove 
or add the volumes as quickly as possible because the analysis 
assumes an _~!.instantaneous" change in volume is created in the well. 

o With the moment of volume addition or removal assigned time zero, 
measure and record the depth to water and the time at each reading. 
Depths should be measured to the nearest 0.01 foot. The number of 
depth-time measurements necessary to complete the test are 
variable. It is critical to make as many measurements as possible 
in the early part of the test. 

o Continue measuring and recording depth-time measurements unt i1 the 
water level returns to equilibrium conditions or a sufficient 
number of readings have been made to clearly show a trend on a 
semi-log plot of time versus depth. • 

Page 4 
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1.1.1 

. · 

INTRODUCTION 

TECHNICAL MEMORANDUM NO. 1 
BORE HOLE HYDRAULIC TESTING FOR 

AQUIFER CHARACTERIZATION 

•. 

This technical memorandum provides guidelines and procedures for 
determining the hydraulic parameters of aquifers using slug tests and 
pumping tests. The ·hydraulic conductivity (K) of an aquifer is a 
measure of the aquifer's ability to conduct water. The greater the 
value of hydraulic conductivity, the more readily the aquifer conducts 
water. Figure 1 illustrates the typical .range of hydraulic 
conductivity values associated with a variety of earth materials. The 
transmissivity (T) of an aquifer is defined as the ability of the 
aquifer to transmit water through its entire thickness and is equal to 
the hydraulic conductivity (K) times the saturated thickness of the 
aquifer (b); this can be stated as T • Kb, for cases in which K is 
constant with depth. Otherwise, transmissivity is equal to the 
integration of hydraulic conductivity over depth, T • K(Z)dz. 

Specific yield of an aquifer is the ratio of the volume of water 
drained by gravity from a unit volume of aquifer material. The storage 
coefficient of an aquifer is the volume of water in storage released 
from a column of aquifer with unit cross sect ion under a unit dec1 ine 
of head. 

SLUG TEST 

PURPOSE 

The purpose of this section is to outline procedures for the conduction 
and evaluation of slug tests which are a quick and inexpensive method 
of estimating the hydraulic conductivity or transmissivity of many 
aquifer systems. 

A slug test ~i 11 generally work in aquifers where K is less than or 
equal to 10- em/sec. In aquifers of greater hydraulic conductivity 
the water level may return to static level before a sufficient nufber 
of fater level readings can be made. In aquifers of low K (10- to 
10- em/sec), slug tests are generally a reliable field method of 
determining hydraulic conductivity or transmissivity near the screened 
zone of the well • 

The advantages of using slug tests to estimate hydraulic conductivities 
are: 

1. Estimates can be made in situ and errors incurred in laboratory 
testing of disturbed samples are avoided • 

Page 1 
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2. Tests can be performed quickly at relatively low cost because a 

pumping well and observation wells are not required. 

3. The hydraulic conductivity of sma11 discrete portions of an ~ 
aquifer,can be made, for example, such as sand layers in a clay. 

•. 
There are disadvantages in using slug tests which must be evaluated 
before the test is conducted. These include: · 

1. Only the hydraulic conductivity ·of the area immediately 
surrounding the well is estimated. These results may not be 
representative of the average hydraulic conductivity of the area. 

2. Often only a range of hydraulic conductivity values rather than an 
average value can be deduced from test result~. 

3. Certain assu""tions are made in the analysis process. If the 
assumptions made are inappropriate for the geologic conditions at 
the site, the results may be erroneous. 

4. The storage coefficient, s. usually cannot be determined. 

5. Data sufficient for analysis may not be collected if the hydraulic 
conductivity is relatively high. 

This technical memorandum explains procedures and equipment commonly 
used in conducting most slug tests and a list of analysis techniques 
used under different geologic conditions and for different bore hole or ~ 
well systems. Also included are example calculations of typical slug W 
tests (Appendices 1-1 and 1-2). 

DESIGN, DRILLING AND CONSTRUCTION OF SLUG TEST WELL 

Several factors enter into the design of a well for the performance of 
slug test in g. These include depth and diameter of the test well, 
length of screened interval and size of screen openings. Some of these 
factors can be chosen as dril Hng proceeds or be predetermined from 
previous borings. Well design is generally determined from a 
combination of drill cuttings, corings, and geophysical logging. 

The depth and screened interval of the hole are determined by the 
location of the zone of interest. The diameter of the hole and casing 
to be inserted in the hole should be large enough in order that the 
volume of the slug does not overflow the top of casing. This may be a 
problem when the water level in the bore hole is relatively close to 
the ground surface. The screened interval should consist of screen 
with a percentage of open intervals large enough so as not to 
excessively restrict water flowing from the bore hole to the subsurface 
materials tested. Wells with screened intervals which require a gravel 
pack should be packed with material of a grain size distribution that 
would result in approximately an order of magnitude of higher hydraulic 
conductivity than the subsurface materials being tested. · 
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To: 

Frqm: 

Da{e: 

Hydrological Services. Group 

John Thacksto~ 
May 15. 1985 

Subject: Bore Hole Hydraulic Testing for Aquifer Characterization 
Technical Memorandum No. 1 

The purpose of the attached technical memo is to provide guidelines for 
conducting hydraulic tests in boreholes or wells in order to characterize the 
hydraulic .properties of aquifers for the UMTRA Project. 

Guidelines provided herein are intended to be supplementary to the standard 
operating procedures (SOP) for these activities currently in effect for the 
U~1RA Project. In the event there is overlap or conflicts in direction 
regarding procedures or methodology between this technical memo and the project 
SOP documents, please advise me. In all such cases, assume that the SOP 
directives take precedence. · 
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Attachment 2 - Slug Test Calculations 

Attachment 3 - Slug Test Field Data Forms, Data Plots, and Computed 
Solutions • 
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Cooper-Bredehoeft-Papadopulos Method 

KfL 
~!J~/9; 

~/'11 
A detailed description of the Cooper-Bredehoeft-Papadopulos method 
of slug test analysis is presented in Lohman, 1972. The equation 
used to calculate the hydraulic conductivity is: 

.C.L 

where t is obtained from matching the data points of residual 
drawdown/ initial residual drawdown versus log of time to a type 
curve found in Lohman, 1972. 

Ferris-Knowles Method 

A detailed description of the Ferris-Knowles method of slug test 
analysis is presented in the USGS Water-Supply paper 1536-I, 1963. 
The equation used to calculate the hydraulic conductivity is: 

f { ¥:) 

'frr s L 

The values of 1/t and s are obtained from a straight line fit 
through the data points. The method is valid for large .values of 
t and the straight line fit passing through the origin. 

Skibitske Method 

A detailed description of the Skibitske method of slug test 
analysis is presented in the USGS Water-Supply paper 1536-I, 1963. 
The equation used to calculate the hydraulic conductivity is: 

The method is used in wells completed in confined units with low 
permeability. The residual drawdown should be at the last 
measurement before complete recovery • 



RESULTS: 

Table 1 shows the input data for the slug test calculations for 
each monitor well tested and for each applicable analysis 
technique. Table 2 shows the hydraulic conductivities for each slug 
test method for the respective monitor wells tested. 

CONCLUSIONS: 

Based on analyses of slug tes~conducted in monitor wells at the 
Mexican Hat site, the average hydraulic conductivity in the 
Halgaito Shale unconfined hydrostratigraphic unit is approximately 
0.6 ft/day. The average hydraulic conductivity in the Honaker Trail 
confined hydrostratigraphic unit is approximately 0.07 ft/day. 

Slug tests yield only a rough approximation of the hydraulic 
conductivity of an aquifer, and these values should be considered 
to be an order-of-magnitude estimate of the hydraulic conductivity. 
Furthermore, the area of influence of a slug test extends only a 
short distance from the borehole. Therefore, results from slug 
tests should not be inferred to be valid at a significant distance 
away from the area of influence. 

Because pumping tests are usually more accurate than slug tests for 
estimating hydraulic conductivity , any critical engineering design 
should be based primarily on the results of pumping tests, rather • 
than slug tests. 

REFERENCES: Co~r~-/e,; p,, t)jk.t!h' ,·J) @.Ast'c - s I t.J.fj/ E/. s/ CN ..f, /e w/ tl f';1Tf(l. 
v v /AC.. 

Bouwer, H., 1978, Groundwater Hydroloav, McGraw-Hill Company, N.Y., K4L 
N.Y., pp. 114-118. -f/6Ji, 
Bouwer, H. and R. c. Rice, 1976, A Slug Test for Determining 
Hydraulic Conductivity of Unconfined Aquifers with Completely or 
Partially Penetrating Wells, Water Resources Research, 12:423-428. 

Hvorslev, M. J., 1951, Time Lag and Soil Permability in Ground 
Water Observations, Bullentin 36, 50pp., u.s. Army Corps of 
Engineers Waterways Experimentation Station, Vicksburg, Miss. 

Lohman, S. W., 1972, Groundwater Hydraulics, USGS Professional Paper 
708, pp. 27-30. 

u.s. Geological survey, 1963, Methods of Determining Permeability, 
Transmissibility, and Drawdown, USGS Water-Supply Paper 1536-I, pp. 
299-304 . 
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•• 

• 

• 

MEXICAN HAT CALCULATION HAT-07-91-14-02-00 

SLUG TEST ANALYSES FOR MONITOR WELLS: MEXICAN HAT 
PROCESSING/DISPOSAL SITE 

PURPOSE: 

The purpose of this calculation is to estimate the hydraulic 
conductivity of the hydrostratigraphic units at the Mexican Hat 
site. The results of these calculations will be used in 
groundwater velocity calculations for the Mexican Hat site. 

KETHOD AND PROCEDURES: 

Slug test data were collected from monitor wells 908, 909, 912, 
930, 934, and 935 in 1985. Slug test data were evaluated using the 
following methods: 

Unconfined System 

Bouwer-Rice and Hvorslev 

Confined System 

Cooper-Bredehoeft-Papadopulos, Ferris-Knowles, and Skibitske 

For further. information refer to Technical Memo No. 1 (May 15, 
1985; Attachment 1) and Technical Memo No. 5 (June 10, 1985; 
Attachment 2) on slug test analysis. 

ASSUMPTIONS: 

Refer to Technical Memo No. 1 and No. 5 for specifics to each slug 
test method. 

DATA SOURCES: 

All slug test data was collected by UMTRA Technical Assistance 
Contractor (TAC) staff in April, July, August, October, and 
November 1985. Slug test field data forms, graphical plots, and 
computed solutions are included in Attachment 3. 

CALCULATIONS AND ANALYSES: 

BOUWER-RICE METHOD 

A detailed description of the Bouwer-Rice method of slug test 
analysis is presented in Bouwer and Rice, 1976. The equation used 
to calculate the hydraulic conductivity is: 

1<-
rc. ~ ,, ("e/rw) 

z L(_+) 
( yc,) lrt Yt 



where y
0 

is y-intercept at time zero, Yt is y-intercept at time t, 
and all other parameters are indicated in Tech Memo No. 5. 

The dimensionless ratio ln(R.jr.,) is fitted using two equations, one 
for the case where L.,<H, ana one for the case where L.,=H. These 
equations are, respectively, ~~ 

J2.- R.e- = r /. l t- A-t '3 J-. ((H -l.....,) /rw] '2--

. rw L.l:{C/rw) ( 
L.'- /r..,..,) 

~ l!..f!. r: , . ( + c.. J >L 
i::; :l -k.(L-w/rw) {L-c../ rw) 

where A, B, and c are dimensionless numbers, plotted a function of 
Le/r., (see Tech Memo No. 5). 

The parameter [ln(y0fyt)]/t is determined by plotting the residual 
drawdown versus time on semilog paper, fitting a straight line to 
the curve, then estimating y0 (y at time zero), and then selecting 
a point on the line and determining Yt at time t. 

Occasionally, the water table is located below the top of the 
gravel pack. In this case, the thickness and porosity of the 
gravel pack should be taken into account when calculating the 
equivalent value of rc, the casing radius. The equation used to 
calculate the equivalent value of rc for this situation is: • 

rc = [ (1-n) r/ + nr.,2 ] •
5 

Note also that slug injection tests should be considered invalid 
for this particular case, as these tests will overestimate the 
hydraulic conductivity due to the influence of the gravel pack. 

HVORSLEV METHOD 

A detailed description of the Hvorslev method of slug test analysis 
is presented in Hvorslev, 1951. The equation used to calculate the 
hydraulic conductivity is: 

r1.. ~ (L/~) 
2-l-~ 

where T
0 

is the time it takes for the water level to rise or fall 
to 37 percent of the initial change. All other parameters are 
indicated in Tech Memo No. 5. 

• 
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IJI JACOBS ENGINEERING GROUP NC .. :ru~l. 
- ADVANCID ITitiMI DIVIIlON, ALIU8UIMUI OtliATIONI 

~J: -- . 

SLUG TEST QAT A r '31/r; 
STATIC WATER LEVEL: 

SITE ID: Ha~ <Zl C LOCATION ao:9 I ::1 DATE: P~//r TIME: .] ; 'tt?f 

f.-tiS P1
3 

.. • SLUG VOLUME Ut.3): DEPTH (ft)~ -=t I l, t 3 

INITIAL WATER LEVEL: OPEN INTERVAL (,2. t/ FT to f.2.J rr 

DATE: ?:,: 1 o 1 r~!i TOTAL DEPTH OF WELL (ft): 8 1. S" 0 
-

WELL DIAM. (ft): " I 61 TIME: 1 · 30 
DEPTH .. (ft FROM TOC): l 4. ~g OBSERVERS: &~·ff-l 

EL,APSED TIME DEPTH TO WATER RESIDUAL H-h 
1/tm H/H0 or 

(MIN, SEC from t 0 ) (ft. from TOC) DON .(ft.) H-H 0 

:oo ·:j:q .tl 
" ·.s ?-'-I,'() . 

:,· J.oo :+'"I. '-I ' 
... . 

.. ( -+-4 Ll_~ . 

·l. ~.oo ':f-·~tcJ. l 
\ ,! !f'-t,Ja 

~. co -? 'i, ~~~ 
' £ -:r '-1- .:1.':1 . 

• If.«> + '-1. l...l 
., #(" . 7- Lf, c;l.() ·• 

., <':ao + L.J 2tt"> 
,.co :;.'i~IP 

. :J.. ~c :}.~.if 

r ~e ":)_'fJt 
.• /D .. c.,~ ~'i.t9 

I.J.~ ""J. '7 I lt. 
tLf.eo .. '+'1~'' . l'l.orY lf.cc +'-1. {{, 
~"/.f)~ ~ '1 I(~ 

~' .~n :}.'-/,,~ 

COMMENTS: ~~c ~pa~ -~ ~Vj ~ j iJ i ~?-~ ~:soLI·~ r . . \1~~ s(u_:T s/81 ~ o 
~ 1 ~ 1 1 «' ( 0 z._ . 
~Qfc: ~',kf: cSQ.,;._t.ltfs "~± li.Jork..~, f(" /! /:J. - 8d,~ .. • I / ,.. ~ 

.' 
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fJ( JACOBS ENGN~ ~ NC. 
AOV&JCID IYITIMI DMitOtc, ALI~UINUI OPIIATIONI -•• SLUG TEST DATA . 

SITE ID: 1/,ff( ?/2-
IT A TIC WATER LEVEL: 

LOCATION ID: DATE: Frj(,ll"/ TIME: 

SLUG VOLUME (ft.S): DEPTH (ft): 

INITIAL WATER LEVEL (AT t0 ): OPEN INTEAVAL(ft.) to 

DATE: TOTAL DEPTH OF WELL (ft): -
TIME: WELL DIAM. (ft): 

DEPTH (ft FROM fOC): FIELD REP: 

ELAPSED TIME GROUNDWATER RESIDUAL H-h 
(MIN. from to) (ft. from TOC) 1/tm H/H0 or 

DDN (ft.) H-H 0 

-15'.~ 'J.'f {/, 
itO .LOC"'} 9-'l!L 

... 

~ .. -

l"J 

'' ' 

. 

. 

• 
COMMENTS: 

(pj~ ~:F~ 



SLUG TEST SOLUTIONS 
,; . . _,. 

****************************************************************** 
WELL IDENTIFICATION-.. HATLJ1..!1U2·:t e.A'fllf..L.:y T"t""\:: ~"" 
DATE OF FIELD TEST-f;DB/14/BS--" Le =sr..f.l~ 

«LENGTH OF CONTRIBUT NG INTERVAL,(L)c 8 ---
~BOUWER-RI CE METHOD; ( kJ """"' ;J.. 8-

FOR WELL RAOIUS(Rc)• .083 c~ 
BOREHOLE RADIUS(Rw)= .2344 ~ 

;;~!!) HEAD AT Ta(Ya)= .47 _.0.,..£..?-::. ,. 
TIME TO HEAD MEASUREMENT(t)= 3b0"~ (.., f'•bo "'\ IJ~I? 
HEAD AT TIME t(Yt)= .042 ~\~~)~~-
DISTANCE FROM WATERTABLE TO BOTTOM OF OPEN OR SCREENED INTERVAL~w)= 8 
DISTANCE FROM WATERTABLE TO IMPERMEABLE BOUNDARY(H)= 8 
****************************************************************** 
THE CALCULATED HYDRAULIC CONDUCTIVITY(K)• r7.732SSE-Ob~h~~~ o-~~ ~~~~ 

• 
****************************************************************** {., 

. . -. . ~,;<hJ 
v~ 

****************************************************************** 
WELL IDENTIFICATION-~HATOl-~12 ....,...'TE.,N\C.bA~ Ln _ ""7'-/.l-~ 
DATE OF FIELD TEST- u8/14/BS.. .. --~ - ::-
LENGTH OF CONTRIBUTING INTERVAL,(L)= 8 (~ r .~ 
BOUWER-RICE METHOD ~ C ~ ~ 
FOR WELL RADIUS(Rc)~ .083 1 

b ' BOREHOLE RADIUS(Rw)• .2344 "' i~i ~ ;. ~ 
HEAD AT Ta(Ya)= .47 }·· · . 
TIME TO HEAD MEASUREMENT ( t) • 1440 ~c.c... \ ~'"'( ) 
HEAD AT TIME t(Yt)• .02 .)v_ ~ !; 3.1 (.,. 

--DISTANCE-FROM WATERTABLE TO BOTTOM OF OPEN OR SCREENED INTE~AL(Lw)= 8 • 
DISTANCE FROM WATERTABLE TO IMPERMEABLE BOUNDARY(H)= 8 
****************************************************************** 
THE CALCULATED HYDRAULIC CONDUCTIVITY(K)= 2.S2702E-Ob"'7~'(,.· o-"Z.'Lr:T/b-. 

***********~****************************************************** ~ 
. . /;?AV !#-: I .... r ~ f;; qJ 

****************************************************************** 
WELL IDENTIFICATION- HATOl-~12 
DATE OF FIELD TEST- 08/14/SS -

.LENGTH OF-CONTRIBUTING 1NTERQAL,(L)• 8 
HVORSLEV METHOD .. 
FOR WELL RADIUS(r)• .083 
BOREHOLE RADIUS(R)• .2344 
AND TIME LAG(Ta)= 1.4"',...., 
****************************************************************** 
THE CALCULATED HYDRAULIC CONDUCTIVITY ( K )• . _1. 08Sb8E-03~/"',~ ~ l.~(.. r-Tiba. 
****************************************************************** y 

• 
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SLUG TEST DATA 

SITE: HAT01 MEXICAN HAT 
LOCATION: 912 
DATE: 08/14/85 

GROUND WATER RESIDUAL 
---- ELAPSED TIME DEPTH DRAWDOWN 

CMINJ [1/MINJ- [SECJ [FT.J CFT .. J 

.00 .00000 0 74.13 .oo 

.50 2 .. 000()0 30 74.60 -.47 
1 .. 00 1.00000 60 74.49 -.36 

1 .. 50 .66667 90 74 .. 39 -.26 
2 .. 00 .50000 120 74.33 -.20 

2.50 .40000 150 74 .. ~~2 - .. 19 
3.00 .. 33333 180 74.27 -.14 
3 .. 50 .. 28571 210 74 .. 24 -.11 
4.00 .. 2SOOO 240 74.23 -.10 

4.50 .22222 270 74.20 - .. 07 
74 .. 20 -.07• 

HCTJ/HO 
[FT./FT.J 

.0000 
- .. 20!>1 
-.1571 
-.11~14 
-.0873 
- .. 082("/ 
-.0611 
- .. 04BO 
-.0436 
- .. o~~os 
- .. 0305 

~ 
r/J11/r;' 

~M~ 

s.oo • L~OOOO 3()0 
6 .. 00 ---~_161;.67 3M> __ 74.1ij -. O~i __ ----=--~-Pf'_:H~ ___ 

-
7.00 .. 14286 
8 .. 00 .12500 

10.00 .. 1()000 
12.00 .. 083:3:3 
14.00 .07143 
19 .. 00 .05263 

J'-4_~Q9 -.04167 
29 .. 00 .0344-B 
35.00 .. 0L~857· ~ 

40 .. 00 .. 02500 

FERRI s-•(NOWLES 
HVDRSLE\J 

4~~0 
480 
600 
720 
840 

1140 
-1440 
1740 
2100 
2400 

74. 18 - .. OS -.0218 
74.18 -.OF> -.0210 
74. 18 -.05 -.0218 
74 .. 16 -.03 - .. 01:31 
74.16 -.03 -.01~~1 

74.16 - .. 03 - .. 0131 
74.1S ______ . --=_ .. Q2 - .Q.9_8L_ 
74 .. 15 -.02 - .. OOB7 

74.16 -.03 -.0131 
74 .. 16 - .. 03 - .. 01:~1 

B Ol..ILER -RICE 
COOPER, BREDHDEFT, PAPADOPULOS 

UI'ITHA*EZP LOT JD09 
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UMTRM,EZPLOT JLH2 
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:- ~- c KAt-

; .. 
. • .. :.· .. ·~ 

-1/Jof; 1 
': . . ' 
.! 

~-- • ~. -~ y. SLUG TEST DATA 

• ~- SITE:: HAT01 MEXICAN HAT 
-~: • ~' LOCATION: 9"09 
·j · DATE: 08/14/85 

~ • :• GROUND UATER RESIDlJAL 
---- ELAPSED TIME ---- DEPTH DRAWDOWN H[T:I/HO 

• CI'IINJ [1/I'IINJ CSECJ CFT.J CFT.J [FT./FT.J 

• .00 .00000 0 35.96 .oo .0000 

.·l .50 2.00000 30 37.21 -1.25 -. 5itS4 
... 1.00 1.00000 60 36.93 -.97 -.4232 

. -
-~ • 1.50 .66667 90 36u75 -.7'9 -. 34'•7 

~ 2.00 .50000 120 36.59 -.63 -.2749 
"i.: 2.50 .40000 150 36.4·8 -.52 - .21!69 
~; 3.00 .33333 180 36.40 -.44 -.1920 
•· • . 3"50 .. 28571 2H> 36.34 -.38 -. 11J~;n 
;· 

4.0() .25000 240 36.27 -.31 -. 13S3 

• 4 .. 50 .22222 270 36.24 - .. 2B -. 12J~i! 
'· 5.00 .20000 300 3(,. 20 -.24 -. 1047 
:-
·-' 6.00 .16667 360 36.14 -. 1B -. o?m;; .. 
~~ • 7.00 .14286 420 36.11 -. 15 -.0654 

-;;l .. 8.00 .12500 480 36.09 -. 1:3 -.05(17 
i, 9.00 • 1 1 1 1 1 540 36.08 -. 12 -.0524 
t· 
'· 10.00 .10000 600 36.05 -.09 - .. 03<Y:~ 
1) • • 12.00 .083:~3 720 36.03 -.07 -.0305 
; .. 14.00 .07143 840 36.03 -.07 -.030S 

. \'. 
i • 16.00 .06250 9b0 36.01 -.05 -.0218 
... 20.00 .05000 -1200 3S.99 -.03 -.01:31 
~- 24.00 .04167 1440 35.99 -.()3 -.013-t 
~ 
•> 28.00 .0357-t 1680 35.99 -. 0:3 -.01:31 • 32.00 . o:~ 125 1'7'20 35.98 -.02 -.0087 

i' 36.00 .02778 2160 35.97 -.01 -.0044 

• 40.00 .02500 L~400 35.97 -.01 -.0044 
;.· 44.00 .02273 2640 35.97 -.01 - .. 00'•4 ... 
~-

~-. 
llMTRA*E7PLOT .JDOS~· ~~~ • FERRI S-~{NOWLES 

t HVORSLEV lii'ITRA*EZP LOT .JD()6 
':. BOULER-RICE UI'ITRA*EZPL..OTJD07 
,. • COOPER, BREDHOEFT, PAPADOP ULOf~ UMTRA*EZP LOT .JDOB ~ 
~- @(~NOPR ,._ 
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MEXICAN HAT CALCULATION HAT-07-91-14-03-00 

ANALYSES OF PACKER TESTS AT MEXICAN HAT UMTRA SITE 

PURPOSE 

The purpose of this calculation is to estimate the change in 
hydraulic conductivity with depth in the Halgaito Shale in the 
Mexican Hat tailings pile area. This was done by conducting packer 
tests at different depths in borehole 911. The primary control on 
hydraulic conductivity in the Halgai to Shale is probably from 
fractures. An east-west trending fracture pattern was observed in 
outcrop at the site. 

METHOD AND PROCEDURES 

Pressure permeability tests, using packers to segregate the test 
section in a borehole, are used to the estimate hydraulic 
conductivity of the interval being tested. The borehole is drilled 
to a given depth and a packer is seated at prescribed distances 
above the bottom of the borhole. Water is forced into the test 
section (between the packer and the bottom of the borehole) through 
combined applied pressure and gravity head. 

The test method utilized is in conformance with the SOP from the 
Albuquerque Operations Manual and described in the u.s. Bureau of 
Reclamation Ground Water Manual (1981) (Attachment 1) • 

ASSUMPTIONS 

Laminar flow exists within the test section. 

Test water is clear and silt-free 

The test water is a few degrees warmer than ground temperature. 
More detail on conditions specific to packer tests is given in 
Attachment 1. 

DATA SOURCES 

Field data was collected by UMTRA staff during February, 1985. 

CALCULATIONS AND ANALYSES: 

The packer tests were conducted on borehole 911 at the Mexican Hat 
site. A total of 12 tests were completed in the borehole. Input 
parameters for each packer test grouped according to the test 
interval are shown in Table 1. The field data is included in 
Attachment 2. 

RESULTS 

The input data and packer test hydraulic conductivity solutions are 
shown in Table 2. A summary of the resulting hydraulic 

I 
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TAB Lt 

*************************************************************** 
SITE: HATOl . ( 1 ')r H 
BOREHOLE: 911 ~ 0. ~~ 

'• 
DATE: 02/22/B~ 
TEST INTERVAL -~3.~ 
NET TEST PRESSURE, 
FLOW RATE <GPM> • 
AIR = sa 

-
TO 64.~ 

FT OF WATER = 94~6~ 
:5.11 -:. ().01/t/ Ct-S 

CONDUCTIVITY COEFFICIENT = 110 

METHOD 1 
PERMEABILITY CFT/SEC> = 
PERMEABILITY CCM/SEC> = 

B. 44175E-06. o::t~ "'io•y ~ ~~~qj 
. 2. 57305E-04. V c..:e

1
? 

METHOD 2 
PERMEABILITY CFT/SEC> = 
PERMEABILITY (CM/SEC> = 
PACKER TEST PERMEABILITY 

/ 
8. 74873E -06 . -= o. lt- .r:r/o•y ~ 1 / J 1/ '1 / 
2.66661E-04 

).../ 

: ''l) 
*************************************************************** 
SITE: HAT01 
BOREHOLE: 911 
DATE: 02/22/6:5 
TEST INTERVAL 64.:5 TO 74.~ 
NET TEST PRESSURE, FT OF WATER = 117.65 
FLOW RATE CGPM> • 2. 16 
AIR = eo 
CONDUCTIVITY COEFFICIENT = 

METHOD 1 
PERMEABILITY CFT/SEC> = 
PERMEABILITY <CM/SEC> = 

o.u. "lb~~.yJ.J!~.:..j 1,),q\ ~'~.a~~-3. 00243E-06 s ¥Jf'~'f 
9.1514E-05 

. METHOD 2 
PERMEABILITY CFT/SEC> = 
PERMEABILITY CCM/SEC> = 
PACKER TEST PERMEABILITY 

3. 11681E-06 : 
9.50002E-05 

o . .._.,. PTJo•y J ~1~1\'JJ 
i __ cJ/) 

*************************************************************** -~ ... ~ .... - ·-·~--. ~ ~-~--- ·-- .... ••• .... _ ·-· .. ,. ........... . 
. ....... ·.· 

.• . 
/ 
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()82-E 2-. C..~N-1 .. 
-·· . - ... ~· ? 

PACKER TEST PERMEABILITY 

*************************************************************** 
SIT : HAT01 
BOREH E: l fi11 ·· 
DATE: D2/21/eS 
TEST INTE L ·64.5 TO 
NET TEST PRE URE, FT OF 117.65 
FLOW RATE (GPM 5.11 
AIR = eo 
CONDUCTIVITY COEFF 105 

METHOD 1 ~ PERMEABILITY FT/ ) ~ 
PERMEABILIT EC\J' 

METHOD 2 ~"' 
PERMEA ITY (FT/SEC) • 
PERM ILITY (CM/SEC) = 
PAC ER TEST PERMEABILITY 

7. 37355E- .. & o. ,.,.., rtr ID•y 
2.2474bE-04 

*************************************************************** 
SITE: HAT01 
BOREHOLE: 911 
DATE: 02/22/eS 
TEST INTERVAL 74.5 TO e4.5 
NET TEST PRESSURE, FT OF WATER= 91.2 
FLOW RATE ( GPM) = . e : '-.. ..:; :; 2 c.f s 
AIR = eo 
CONDUCTIVITY COEFFICIENT = 

METHOD 1 
PERMEABILITY (FT/SEC) = 
PERMEABILITY (CM/SEC) = 

105 

1.43452E-Ob 
4.37241E-OS 

METHOD 2 
PERMEABILITY (FT/SEC) = 1.4B917E-Db 
PERMEABILITY (CM/SEC) = 4.53e9eE-OS 
PACKER TEST PERMEABILITY 

• 

*************************************************************** 
SITE: HAT01 
BOREHOLE: . 911 . 
DATE: 02/22/BS 
TEST INTERVAL 74.5 TO 84.5 
NET TEST PRESSURE• FT OF WATER • 102.7 
FLOW RATE ( GPM) = 1. 9 : ..::. .. ._. c;.; '4-- c { .-..· 

'%~~ "AIR • 80 
CONDUCTIVITY COEFFICIENT • 

METHOD 1 
PERMEABILITY (FT/SEC) = 
PERMEABILITY (CM/SEC) = 

METHOD 2 
PERMEABILITY (FT/SEC) • 
PERMEABILITY (CM/SEC) = 

1D5'-. 

3.0254BE-Ob 
9.221b5E-OS 

3.14D73E-Ob 
9.S729SE-OS 
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~-PACKER TEST PERMEABILITY 

*************************************************************** 
SITEc HATOl 
BOREHOLE' 'ill 
DATE I 02122 
TEST INTERVAL 74.S TO 84.5 -
NET TEST PRESSURE, FT OF WATER c 114.2 
FLOW RATE (GPM) c 1.5 : o.uQ3 c:..fs. 
AIR -= eo 
CONDUCTIVITY COEFFICIENT 

METHOD 1 
PERMEABILITY (FTISEC) = 
PERMEABILITY (CMISEC) • 

METHOD 2 
PERMEABILITY (FTISEC) • 
PERMEABILITY (CMISEC) = 
PACKER TEST PERMEABILITY 

-= 1o5 I 
. .. nl I r}4/ ~~~ 

,).14e01E-D6. = o.l"t DAY :f II /c.W7-? 
6. 54 713E-OS I 

2.229B4E-06 
6.796S4E-OS 

********************************************~****************** 
SITE: HATOl 
BOREHOLE' .'ill 
DATE: 021271e5 
TEST INTERVAL . 84.5 TO 'i4.5 
NET TEST PRESSURE, FT OF WATER= 125.7 
FLOW RATE (GPM) = 1.5 -::c;,c.-~5 r:..f.s 
AIR c eo 
CONDUCTIVITY COEFFICIENT c 

METHOD 1 
PERMEABILITY (FTISEC) c 

PERMEABILITY (CMISEC) c 

METHOD 2 
PERMEABILITY (FTISEC) = 
PERMEABILITY (CMISEC) = 
PACKER TEST PERMEABILITY 

105 

1. 'iS149E-06 . • o.l~ rrlt>&t 
S.9481SE-OS 

2.02583E-06 
6.174 74E-OS 

*************************************************************** 
SITE• HATOl 
BOREHOLE• 911 
DATE: 021271e5 
TEST INTERVAL 84.5 TO 94.5 . 
NET TEST PRESSURE, FT OF WATER c 

FLOW RATE (GPM) • 0 
AIR • 80 
CONDUCTIVITY COEFFICIENT = 105 

METHOD 1 
PERMEABILITY (FTISEC) • D 
PERMEABILITY <CMISEC) = 0 

METHOD 2 
PERMEABILITY (FTISEC> • • 0 
PERMEABILITY (CMISEC) • 0 

137.2 

•/ .. -; 

I 
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PACKER TEST PERMEABILITY 

*************************************************************** 
SITE• HAT01 
BOREHOLE• ~11 
DATE• 02/28/85 
TEST INTERVAL ~4.5 TO 104.5 
NET TEST PRESSURE, FT OF WATER s 114.2 
FLOW RATE (GPM) • 1.4 -:. o .~as cf ~ 
AIR • eo 
CONDUCTIVITY COEFFICIENT s 105 

METHOD 1 'T/ 

• 
PERMEABILITY (FT/SEC) • 
PERMEABILITY (CM/SEC) • 

2. D0481E-Oo s 0 • 1~ 04 Y 
o.110oSE-OS 

j ~jll/4_1 
\..··tx~f 

METHOD 2 
PERMEABILITY (FT/SEC) • 
PERMEABILITY (CM/SEC) • 
PACKER TEST PERMEABILITY 

·2.08118E-Oo 
o.34344E-os 

/ ~jn/91 

*************************************************************** 
SITE: HAT01 
BOREHOLE: ~11 
DATE: 02/28/85 
TEST INTERVAL ~4.5 TO 104.5 
NET TEST PRESSURE, FT OF WATER = 11e.8 
FLOW RATE (GPM) = .1 , c-.c..-~·co~c.r~ 
AIR • eo 
CONDUCTIVITY COEFFICIENT = 

METHOD 1 
PERMEABILITY (FT/SEC) = 
PERMEABILITY (CM/SEC) • 

METHOD 2 
PERMEABILITY (FT/SEC) = 
PERMEABILITY (CM/SEC) = 
PACKER TEST PERMEABILITY 

lOS 

1. 37oSoE-07 ~ 0 · ol Filo4y 
4.19S75E-Oo 

1.429E-07 
4.3SSS8E-06 

*************************************************************** 
SITE: HAT01 
BOREHOLE• ~11 
DATE•. 02/28/85 
TEST INTERVAL ~4.5 TO 104.5 
NET TEST PRESSURE, FT OF WATER • 125.7 
FLOW RATE (GPM) • . 02 = 1/.~., 1(.7- 5 c...f s 

AIR • eo 
CONDUCTIVITY COEFFICIENT • lOS 

METHOD 1 
PERMEABILITY (FT/SEC) = 
PERMEABILITY (CM/SEC) = 

METHOD 2 
PERMEABILITY <FT/SEC) • 
PERMEABILITY (CM/SEC) = 

2.o0199E-Oe 
7.93086E-07 

2. 70111E-Oe .. o.OO"L Filot.y 
e. 23299E-07 . 

J !/·// 
J_~ , ;, ' ,lcr ' 

i ' . •• /1//J//..-
~ iJn }c, J 



. 
!. c i. 

, c 
l . 

•• 
c 

• 

. , . . 
·.~ 

I 
~·· 

• 
l· 

• 1,: 
•.: 

• ~· , . 
.. • ~l 

·~· • 
• .. . ~-.. • 
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PACKER TEST PERMEABILITY 

*************************************************************** 
SITEI HAT01 
BOREHOLE 1 ···u1 . 
OATEI 02/28/85 
TEST INTERVAL 94.5 TO 104.5 
NET TEST PRESSURE, FT OF WATER = 
FLOW RATE (GPM) • . 09 ':.. 2.'11..11)~'1 c.f~ 

137.2 

AIR • 80 
CONDUCTIVITY COEFFICIENT • 105 

METHOD 1 
PERMEABILITY (FT/SEC) = 
PERMEABILITY (CM/SEC) • 

METHOD 2 
PERMEABILITY (FT/SEC) = 
PERMEABILITY (CM/SEC) • 

1. 0727SE-07 
3.2697SE-06 

. 1.113o2E-D7 
3.39431E-06 



conductivities by depth interval is shown in Table 3. 

CONCLUSIONS 

Based on analyses of packer tests conducted in monitor well 911 at 
different depths in the Halgaito Shale, there is a decrease in 
hydraulic conductivity with depth (Table 3). There is over an order 
of magnitude decrease in hydraulic conductivity from the shallowest 

.section tested (53.5 - 64.5 feet) to the deepest section tested 
(94.5 to 104.5 feet). This provides evidence that either fracture 
density decreases with depth or fracture width decreases with depth 
due to occlusion from crystal growth or other means. Given the very 
low hydraulic conductivity of the lower Halgaito Shale, this zone 
may act as an aquitard to the underlying Honaker Trail Formation. 

REFERENCES 

Albuquerque Operations Manual, SOP 16.1.4 

u.s. Bureau of Reclamation, 1981, Ground Water Manual, 
Resources Technical Publication, pp. 249 - 264. 
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RJ:ninsl 11 f.ol.nl 
"Is. 
'If ltf'r liS rl'('Oill• 
l'f'riousl~· influ
l'fliril'llr~·, oncl 
pipf's, nncl uu
,,. 8\'0idf'tl. 
• RJ>pli!-n h)(' {or 
ll'('llrs dl'j>l'Jids 
:or,.., but n sofl' 
:lllinur i,.. nbout 
11 or tJw WRIE'r 
rf'n o( th£> t.est 
If' t(>sfl'd motE'
,.. mny not be 

"'<'rtion is com-

• '(I) 

ottom, L, 

('·.perforations 

(2) 

area must bt" 
a] open area. 
pen area me)· 
nensions and 

divided into 
"• and falliDg 
:ity tests are . 
!ate tbt" ted 

• 

PERMEABILITY TESTS IN INDIVIDUAL DRILL HOLES 

~f'rtion iu thf' holt•. In prf'ssurt• tl'sts, Wlltl'r is rorrC'tl into thf' f.('st. 
~<'<~tion throuJ.!l• t~omhill,.cJ nppli<'d prC'ssur<' 11111! J.!rnvit,v hC'nd, nlthouJ.!ll 
thf' t.f'sfs cn11 hi' J>f'rfonnl'tl usillJ,: J.!l'IIYif,r llf'IHI oul,v. Jn rnllinJ,! h<'nd 
t.f'sls, J-!1'11\'ity hf'nd oul,v is \lsNL Coustnnt hf'nd ~rnvit~· f<'sfs nrt• thosf' 
in whirh no pnrk<'rs Rl'<' \lsNI, nnd u coustnnt wnt<'l' ll'Y<'l is mnintoin<'d 
(J) ,I 

10-2. Pressure Permeability Tests In Stable Roek.-Prt'ssure 
pl'rnwnhility f.('sfs ntl' run u"illJ.! Oil<' or two pnrk<'t,.. to isolnt<' \'nrious 
zouf's or l<'nJ,!ths of drill holt· ill l'tnblr roek. Boll' dinm<'trrs usually 
do not <'XI'<'I'd 3); inrh<'s, hut lntJ.!t•r hol<'s ron nlso b<' ff'st('() if suit obi<' 
E>quip111C'Ill is nvuilnhlt•. 'l'hl' t<'"'" mny lw run in \'rrticul, nn~l<'d, or 
l10ri:wntnl lwl<'s n111l nnnl,vz('(l if til<' h<'nd nnd ?.Oill' r<'lntiouship,.. r.on 
b<' dC't<'rmitwd. Pn•,.:,.:urC' f<',.:t~ nrl' oftf'n th<' only prnrticol IE'sts to USC' 
whf'n it j,. ll<'t('s,.:ory to d<'t<'rmin<· pPrm<'nhility of sfr<'nmb<'d" or 
lak£'b<'d" b£'low wntC'r. 

Comprl'ssion pnrk£'ri-, inflntohll' pncker:-;, lenther cups, an<l similnr 
t~·pes of pockC'r~ lJRw h<'C'n usC',) for pressure t.('stin~. Inflatnblc pocket!' 
atE' usually mot£' E'ronomirol bt'cnusC' th<'y te<hH~<' wstin~ timE' and 
assure n tightC'r S£'ol, pnrticulorly in rou~h-w11ll£'d or out-of-round 
holes. Th<' pack£'rs &r•· inflntE'd through tubes t'Xtt>nding to a cylintler 
of air or nitrop-Pn at th<' surfnc£'. If a prpssur£' st'nsing imtrun1ent is 
includeu, pressur£' in th£' t£>st sC'rtion i~ St'nsC'd by th<' instrument anti 
is transmitt£'d to th£' surfn<'£' by an £>1£>rtrirlll circuit whet£' it is either 
read from a tt>gist<'r at tht' surfnf'e or is recordt>d on a chart. Although 
this arrangement pE>rmits nn ac·r.urut£' ut>termination o( t.est pressures, 
other observations outlin<'d in this SC'ction should still b<' made to 
permit an estimate of permt'nbility should th<' pressur£' sensor fail. 
This double packer arrong£'ment permits successi\'(' t.ests at diff£>rent 
depths in a complete<) hok without haYing to remove the pRcker 
between each test. The pressure sensor can also bt' adapt~d v.·here 
a single packer is usE>tl. 

(a) Methods o.f Testing.-Th<' most common t~sting practice by the 
Bureau is the drilling of about 10 feet of hole ancl pressure testing 
the newly tlrilled section. In rock that tends to rani or britlge the 
hole anti which must be cem£'nt£'d to pt'rmit continuo tion o( drilling. 
this is the only practical method o( tf'sting. In such rock, long lengths 
of open hole are impracticul and the tt'st St'ctions must b£' kept short 
because the t.ests must be made before thl· hole is ccmentetl if gootl 
test data are to be obtained. 

Where the rock is stablt' and doC'.; not require cementing. the roi
Jowing method or testing rna~· offer distinct advantages. The hole 

•Numbers in brllckets refer to item~ in th1· bibliopuphy, 11rrtion JO-il . 

'/ 1/ . 
~f/r; 

~. 



_..... 
·-t"-

;3 
is> 
:~ 

250 GROUND WATER MANUAL 

is ,Jrilled to the total depth without trsting. Two inflatable packers 
5 to 10 ~cet apart arc mounted ncar the bottom of the rod or pipe used 
for makmg the test. The bottom of the rod or pipe is sealed, and the 
section between the packers is pcrforated. The perforations should 
be at least one r1uarter of an inch in diameter, ond the total area 
of all perforations should be greater thon two times the inside cross
sectional Krca of the pipe or rod. Tests nrc made beginning at the 
bottom of the hole. After each test, the packers are raised the length 
of the test section an1l another test made. This procedure is followed 
until the entire length of the hole has been tested. 

(b) Cltaning Tt.!l Stction., Btjort Tt.sting.-Before each test, the 
tt>st section should be surged \\;th rlt>nr water nnd bailed out to clean 
cuttings and drilling fluid from the fare of the hole. If the test =-ection 
is abo\'e the water table and \\;II not hold water, water should be 
poured into the hole durin~ the sur~n~. then bailed out as rapidly as 
po,.;,.;ible. When 1\ completed hole is tc,.;ted u,.;ing two psckers, the 
('ntire hole ran be cleanc1l in one op<'ration. Clenning the bole is 
frequently omittrd from tf',.;ting prorPdur£>s; hm\'£'\'l'r, this omission 
may re,.;ult in a permeable rock ''PP('ttring to bc imp£>rlll£'11hlc because 
the hole fnce is "<'lll£>d by rutting..; or drillinJi!: fluid. In ,.;uf'!t rases, the 
computed p<'rm<'n bility will be low£>r t hun t h£> t ru£> p<•rmcnbility. 

Altt'rnati\'e m£>thods to "urging nnd bniling i1 drill holt' in con~oli
datt'd formations b£>for£> prc,.;,.;urt' tt',.;ting inl'ludt' thc u"c of n rotating, 
stiffly bri,.;t led bru,.;h whil£> wn,.hing 1111d j<'t t in:z with w11 t£>r. An n Yerage 
jet wlority of 150 feet per sf'rontl is d,•,.irnblt'. This is npproxinutted 
by 11 ratc of pumping equal to 1A gnllons pcr minute pt'r ';&-inch
diameter hole in the rod. On completion of jetting, the hole ,.Jtoultl be 
blown or bniiPd out to the bottom, if po,.,.ible. 

(c) unyth of Tfst S,rtion.-The length of the t£>,.;t ,.;£>ction is go,·£>rned 
by the rhnrnrh•r of the rork, hut gt'n£>r11lly n IPngth of 10 fl'l't is ,h•sir
nhlt•. At tim£>s, n Ji!:OOd s£>nl rnnnot bt' obtnirwd for th1• pn,·k<'r 11t the 
plnnrwtl eleYntion bt>cnu,.;c of bridging, fll\'('ling, or thE' pr£>,.;rnr.e of 
frnet urrs. Undrr t ht>,.;e t·irrumst,\l\l't'", t hr tr"t ,..,.,.t ion lrn~t h ,.lwuld 
be irwr<'u,.;t'd or dt•crru~t'd or t£>st "<'rtion" O\'Prlnppl'd to """llrt' thnt 
tlw tt•st is llltlll£> with w£>1J-,.,•ntrd IHII'kt•r,.;. On ,.;om<' tt•sts, 1\ tO-foot 
~rdion will tnke more wutrr thnn th<' pump 1'1111 dt•linr; ht>IH'<', no 
bnl'k prr"""re 1'1111 be dcnlopt'd. Wh,•n this ot·turs, the l<'n~t h of t h£> 
tcst section should be :-;hort<'n('(luntil htll'k prrssur1• t't\11 he dt•nlop<'tl, 
or the fnlling ht'ntl test (sec. IG-4) might be trit•1l. 

The tcst sections should ncnr be shortt'netl to wht're the rntio ~is 
ll'ss thnn 5, whl'rt• /}is tlw dinrrll'tt•r or tlw holl' lllld .-\is the lrn~th of 
the tl'st se1·tion. Untl<'r no drl'lllllsturu~<·s ,.JwultlaL pnrkcr be s<•t inside 
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the casing whc. 
the bole. Excep ,· 
sections greater thar 
sections may not pc 
and may complicate • 

(d) Size of Rod or 
used as intake pipes 
and ~W rods can be 
the reliability or the t 
exceed 12 to 15 jl;Rih 
test section tloes no 
larger pipe is more 
head losses per 1 O-f 
different sizes or drill 
piled from experime1 
pipe, particularly wh· 
is ob\"ious from stutl 
pipe must be tume<l 
use in AX holes. 

(e) Pr1mping ErJil• 
pump for pumpin~ tl 
cylinder type with a 
pumps haYe a maxi 
and, if not in gootl r 

18 gallons per minu 
analy7.e berau·· ~h 
back pr<',.;sure e 
the tl',.;t,; ure gencrnl' 
de,·rlopt'tl." Thi,; re,.; 
of t hi' rnu t<•rinl h•:-;t<' 
pr('SSIII'CS of 1\\UJtipl, 
u,.;ctl, all'<' oftcn tliffit 
readings must he aLW 
prt',.;~urt', n tliflh·ult~ 
Slll'h pumps m-ru,.;inr 
~uri's whid1 muy rru• 

Pt•rrrwuhilit~· tt•sb 
usin~ 1'<'11 t rifujrnl ptl 
prcssun•. A pump '' 
ngninst n totul h£>aHI 
ll<•ud nrul d isc·hnrge 
l'n~ine spt•<•tl or with 

(() Swicff,'f fur U.• 
selectNl for minimun 
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li.o" (;II JACOBS ENGt6RNG GROUP NC. ( 
ADYAMCID IYitlllll DM~. AaMUIMUI Of'IIATIOMI ?a1t) r ., 

Ot· c7· . 
PACKER (DRILL ITEM) TEST 

SITE ID: i/.&2.Z:. -~ LOCATION ID: g 1/ LOG DATE: ,;;-.;;;- gs-

LOGGING COMPANY: Jaco!:2,-5 L'~--2: 
) 

FIELD REP.: ~,.t~/~~d. 

TESTED INT~RVAL: 

BEGINNING DEPTH ~~-s END DEPTH 7ij', .s- (FT. BELOW DATUM) 
BOIL/ROCK INTERVAL 5>6-k~ ~ q. :i :.. z.~ , s-

BOREHOLE: DEPTH AT TEST (FT. IELOW DATUM) 7L/, ~- DIA. (IN.) 3-0 
HEIGHT OF WATER SWIVEL (FT. ABOVE DATUM) tt.JA 

STATIC GROUNDWATER DEPTH (FT. BELOW DATUM) /)//-) 

(AT START OF FIRST TEST) 

TIME INTERVAL VOLUME REMOVED WATER PRESSURE AIR PRESSURE 
(MIN) ~;J' (PSI) (PSI) 

{). ~ I • I~ .:1 ()/') 

I , () ,, ~ j§'J}.? 

I t:, L 4 ·..-
.!) • 0 I,~ 

d·h I 5' I{ 
~,() II 7 » ~/.'). 

'3 .5 I, ~ 
J,f I 6 :, q 

'-"J .t5 ~.r;Z. 

.rJ rO 2 ,.( 

~'·' _j, J lr. 

~·0 ,d, _3_~ 

~~5 })•t;O 

1,1) .!.), (.!) ~ ,9).6 

1·6 ~. 18 
~I D J} I tZ L--1 

f> I' J,q5 
EQUIPMENT DESCRIPTION: 

TOP PACKER: DEPT-H (FT. BELOW DATUM) LENGTH (FT.) . 
PACKER TYPE: (I)INGLE/(D)OUBLE TEST INTERVAL LENGTH (FT.) 

COMMENTS: 

NOTE: DATUM• GROUND SURFACE 
JEG-AL•ENG-1 (Ill~) t't. 
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hi( JACOBS ENGNERNG GROUP NC. ~~/P 

ADVANCeD IYITIIIU DMIIOM, ALIUaUIIeUI OfiiATtONI . () ()..~t 
I I 

PACKER (DRILL ITEM) TEST 
. 

SITE ID: tltJ,7 ~a 1 LOCATION ID: a, 1 LOG DATE: .;J /_:,; / l:/ j- • 
LOGGING COMPANY: 

. I } ' ' I 11/ ,, /; "') I 5,.1/ 8 FIELD REP.: A . .L/tJ //,;1 /I d 

TESTED INT~RVAL: 
I 

BEGINNING DEPTH ~., !-/. r END DEPTH 7!./ . ~--- (FT. BELOW DATUM) 
SOIL/ROCK INTERVAL . 

BOREHOLE: DEPTH AT TEST (FT. "IELOW DATUM) DIA. "(IN.) 

HEIGHT OF WATER SWIVEL (FT. ABOVE DATUM) 

STATIC GROUNDWATER DEPTH (FT. BELOW DATUM) 

(AT START OF FIRST TEST) 
' 

TIME INTERVAL . VOLUME REMOVED WATER PRESSURE AIR PRESSURE 
(MIN) (GAl;)-((.$ (PSI) . (PSI) 

Cj. /J ..3 ./) (/) ;)J.:; .;J c: () 

(i,.;' q. 1//'1 

It: ,!J .:..; . :~ -; 

n,ti 3. 34 

'· ! /, /) ~ ~ <) .-':! 

I/.') ~. '· I . • ,),() ~ I 7 ,!}-

;:; ''i' 3· ~_;2 

1';·0 ~~ c;;; 
I~-·.;- ! ! I r~ ;..) 

Jl / 1 r', ... , ;, ) 
.'I' 

1 !/, s· I.' .~ .. , -.. -- 'i 

It;,() I I ~ /! _,' _, 

EQUIPMENT DESCRIPTION: t!,/ fJ. ,.u o' C ./- .YJ /' ;://J r 1::' /' c:;.· 

/';~r e . 7/~rc:1 lfe~t'?l. .7>· c . f3, _., btl f' ;J 
> 

/j..r 7/ TOP PACKER: DEPTH (FT. BELOW DA) · .. !, . / LENGTH (FT.) 

PACKER TYPE: (S)INOLEI\{!))OUB~Lj #~· TEST INTERVAL LENGTH (FT.) " 

COMMENTS: .!"-;,,/'>' ,".·.r /1:-;('l:r, -;r'./ .t 1 1.·6.; ;·"fi'' • 
NOTE: DATUM • GROUND SURF ACE 

,._ 



[J( JACOBS ENGINEERNG GROUP NC. Me-
lU112 e sas ADVANCID IYinMS DIVIStON, ALIU.UfteUI OPIIATIONI ~/J/91 

PACKER (DRILL STEM) TEST 
. 

SITE ID: Y~1:~~ 911 LOG DATE: . 85($?:_'2./ -LOCATION ID: 
( 

. 
LOGGING COMPANY: :JE~ FIELD REP.: 'R. ~o ll5 ... 4 
TESTED INTERVAL: 

BEGINNING DEPTH i£!:11 s END DEPTH 3~-S: (FT. BELOW DATUM) 
SOIL/ROCK INTERVAL Sl-.'2. 

BOREHOLE: DEPTH AT TEST (FT. BELOW DATUM) J~-S: DIA. (IN.) 3.o 
HEIGHT OF WATER SWIVEL (FT. ABOVE DATUM) .3 
STATIC GROUNDWATER DEPTH (FT. BELOW DATUM) G.. B. 2-

(AT START OF FIRST TEST) 
4-Z-72..0 

ELAPSE TIME VOLUME REMOVED WATER PRESSURE AIR PRESSURE 
(MIN) (GAL) (PSI) (PSI) 

fi>5 B. lc f/; 2/.£' Z~(; 

r.,S 
,_,. 

'.Jy. I 7 . 

'· s- " a!. ':/5 I 7 
'Z- .elL 15 I I 

2--S" d; 31- I 
.3 l.I_Z •• - a.5 --~·;.5_ 

"' d; +5 \ 
1..4.5 fl., . '1 "' \ \ 
s ~.q1 \ 

. s.s- dJ BZ \ 
~ d>. 8'L \ \ 

~-~ o'J.ti+ \ 
~ ct q tb ... 

' 
-=~--~ th s~ 
B tl; 82.. 7 
B-5 & BZ.. v ':r ~ 

EQUIPMENT DESCRIPTION: 

TOP PACKER: DEPTH (FT. BELOW DATUM) LENGTH (FT.) 

-1 
PACKER TYPE: (S)INGLE/(D)OUBLE TEST INTERVAL LENGTH (FT.) 

• COMMENTS: 

NOTE; DATUM • GROUND SURF ACE 
.IEG-AL•ENG-1 (3114) 

.w .- e wqoyr_p w a PQ _ ... 



/I fH JACOBS ENGKERNG GROUP NC. . ~ 
~ '!/t/91 ADVANCID niTIMI DIVISION, ALIU.UIMUI OHIATIONI 

F/1/~ PACKER (DRILL STEM) TEST 
. . 

SITE ID: l:ffq~ l LOCATION ID: g_ll LOG DATE: · 8S¢z:z_f -
. 

.Jt& FIELD REP.:~ . ...to\\Cl~ LOGGING COMPANY: • TESTED INTERVAL: 

BEGINNING DEPTH ~~-S:. END DEPTH ~~,s: (FT. BELOW DATUM) 
SOIL/ROCK INTERVAL sr- ~ 

·- BOREHOLE: DEPTH AT TEST (FT. BELOW DATUM) 1~-~ DIA. (IN.) 
~EIGHT OF WATER SWIVEL (FT. ABOVE DATUM) .3 

STATIC GROUNDWATER DEPTH (FT. BELOW DATUM) "8. 2.. 
(AT START OF FIRST TEST) 

ELAPSE TIME VOLUME REMOVED WATER PRESSURE AIR PRESSURE 
(MIN) (GAL) (PSI) (PSI) 

Cf.t5 cb.B~ Z.I._S "Ltl>¢ 

t:f.~ rP . +5"" / ( 
,. J cb rj). p,z I . 

/{j.S d>. q~ I 
.. 

6. e-z... ( .· 
II 
II.~ d> ~"2..- \ \ 

- rz... cb. e1., \. \ ·• • 1'2 ••• 5" {/). ~~ \ \ 
'~ th. +t> \ 

: l~-5 d>-15 
•4 cP.1.~ J J 
JY.£ d>. 91- f. ( 
15' Q>. 8~ y -y 

· EQUIPMENT DESCRIPTION: . 

TOP PACKER: DEPTH (FT. BELOW DATUM) LENGTH (FT.) 

PACKER TYPE: (S)INGLE/(D)OUBLE TEST INTERVAL LENGTH (FT.) 

l COMMENTS: 

. · .. • NOTE: DATUM• GROUND SURFACE 
.tEG-AL-ENG-1 (3114) 

• Wii4MLCti\MMIII4W~ 
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[H .w:oBS ENGtNEERNG GROUP NC. ~ 

JUN 2 5 1985 ADVANCID n&nMI DfVIIION, AUU.UIIeUI OfJIIATIONI y;,Jcu 
. 

I PACKER (DRILL STEM) TEST 

SITE ID: I-IA"r~l LOCATION ID: 91\ LOG DATE: ·SS cb2. "Z . .'l. -
. 

LOGGING COMPANY: J:se· FIELD REP.: &, . .UQ llA r"\2 .. 
TESTED INTERVAL: 

BEGINNING DEPTH j4.~ END DEPTH sa..~ (FT. BELOW DATUM) 
SOIL/ROCK INTERVAL ST- ~ 

BOREHOLE: DEPTH AT TEST (FT. BELOW DATUM) ~·~ DIA. (IN.) .!.o 
HEIGHT OF WATER SWIVEL (FT. ABOVE DATUM) -~ 

STATIC GROUNDWATER DEPTH (FT. BELOW DATUM) "'-a . 1:::: 
. (AT START OF FIRST TEST) . 

~s. ~ ?-t.4v:IZ.O " ELAPSE' ,TIME VOLUME REMOVED WATER PRESSURE AIR PRESSURE 
(MIN)' (GAL) (PSI) (PSI) 

(> 4> ,... /0 'Lr/Jb 

~-~ .7~ .- .· . ,, 
1._f)(b 

.. 
I ~ &31 JiJ "'l..btJ 

J.~ ~ dJ ltb 'l.thtb 

• z. lt+t h J{J 1..~(1) 

Iff> 
-

~ 

EQUIPMENT DESCRIPTION: 

TOP PACKER: DEPTH (FT. BELOW DATUM) LENGTH (FT.) 

PACKER TYPE: (S)INGLE/(D)OUBLE TEST INTERVAL LENGTH (FT.) 

COMMENTS: 

NOTE: DATUM•GROUND SURFACE 
.IEG-AL-ENG-1 (1114) 



. ~/ t~lt g 

fH .L6.C08S ENGINEERNG GROUP NC. ~ 
Jn~ 2 a t9B5 ADYANCID niTIMI DMIION, ALIUIIUIHUI OHIATIONI r/if 

PACKER (DRILL STEM) TEST 
. 

.. SITE ID: 1:r~n' LOCATION ID: !:ill · LOG DATE: ·f>s(b z.:z.:z. -
. 

LOGGING COMPANY: JEf:t FIELD REP.: 
TESTED INTERVAL: 

BEGINNING DEPTH ~.~. END DEPTH ~4.$" (FT. BELOW DATUM) 
SOIL/ROCK INTERVAL ~r-~ 

BOREHOLE: DEPTH AT TEST (FT. BELOW DATUM) e.a.i" DIA. (IN.) ~~~ 
HEIGHT OF WATER SWIVEL (FT. ABOVE DATUM) ~·~ 
STATIC GROUNDWATER DEPTH (FT. BELOW DATUM) ~fz.'Z. 

(AT STAAT OF FIRST TEST) 

ELAPSE TIME VOLUME REMOVED WATER PRESSURE AIR PRESSURE 
' (MIN) (GAL) (PSI) (PSI) 

" 
Q ~-!i ·tt> 1.5" 21:10 

1/J. ~ ~' l.rz. t \ 
"" I '3,s ~ tb qt/) 

: /, .. 4 ... ~"- tfJ_q-::J 
: 

2. 4.~ ~ t/J.t:# !( 
2 ~ h •. _A.Rli t$.9.. v 

- ~ 5 .. S -~ ~-&f.":l) I 
• 3 . c. ~~ ' I: . I 

4 t,..S 3.A'a c;_q ! l • 
.4~ ~ ~ BZ.. I . , 

I 5 ;c ~ d q I 

i i ~.~ 8 1 . .1... 
J I 2,... rt'ZT :..z 

' I I 
(.. ft~ I I N.-t" th. "ls' I 

i 
'. 

I t,l~ ~ ~ ~. 81.-
! , ~ .~ .~ d q 
! 

,,~ I~ ~ Bl-- ~' v i 10. 

I ,,.. 
: EQUIPMENT "DESCRIPTION: i· • I 

! 

i 
TOP PACKER: DEPTH (FT. BELOW DATUM) LENGTH (FT.) 

PACKER TYPE: (S)INGLE/(D)OUBLE TEST INTERVAL LENGTH (FT.) 

l COMMENTS: 

NOTE: DATUM• GROUND SURFACE 
. 

.IEG-AL-ENG-1 (Ill•) 
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JUM 2 S \gS~ 

rH J6.C08S ENGINEERNG GROUP NC. 
~ ADVANCID nlnMI DIVISION, A11U8UiteUI OPIIATIONI 

PACKER (DRILL STEM) TEST . 

SITE ID: __ . ..:..fi.u:'+:.~nb..w.:.:l ___ LOCATION ID: __ 9.&..11"'-1 __ LOG DATE: · 8S ¢2. Z-2-

LOGGING COMPANY: __ .J~~..~f.9--+-------- ~IELD REP.: .:P.JdquAo<l) 

TESTED INTERVAL: 

BEGINNING DEPTH ''· S' END DEPTH f'J4-, S" (FT. BELOW DATUM) 
SOIL/ROCK INTEAVAL-----~~~~·-3~---------------------

BOREHOLE: DEPTH AT TEST (FT. BELOW DATUM) S.f.~ DIA. (IN.) -=.3~,¢z:.._ __ 
HEIGHT OF WATER SWIVEL (FT. ABOVE DATUM)-___..3~·cbt::..-----------

STATIC GROUNDWATER DEPTH (FT. BELOW DATUM) _........~(,,'>~~~~:....:..::•lr=--------
(AT STAAT OF FIRST TEST) 

ELAPSE TIME VOLUME REMOVED WATER PRESSURE AIR PRESSURE 
(MIN) (GAL) (PSI) (PSI) 

.. 
I ~~~ ~~~~ ~ 

4 I& s ~ rJ. e z.. 

7.b JS.~ ~. ~.L 

EQUIPMENT DESCRIPTION:---------------------

TOP PACKER: DEPTH (FT. BELOW DATUM) LENGTH (FT.) ____ _ 

PACKER TYPE: (S)INGLE/.(D)OUBLE TEST INTERVAL LENGTH (FT.)---
.COMMENTS: ________________________ ~---------------

NOTE: DATUM•GROUND SURFACE 
.IEG-AL•ENG-1 (311.) 



.. • r I 
9/1 ZL_L/~3 ~'-' ,., 

' .~Amk£ 't/t/r, 

~I UtE JACOBS ENGNERNG GROUP IIIC. ~ 1(, <. 
• ~ ADVUICID mttiU DMIOM. &LIUeUiteUI OfUATIOIII 

' PACKER (DRILL STEM) TEST 
. 

dr-??1 .;Z~-?? ~~ • SITE ID: LOCATION ID: !ttY LOG DATE: 

:::1Za ~f 1$)1? 
; ' 

LOGGING COMPANY: FIELD REP.: "R &fl/ffia,e 
TESTED INTeRVAL: 

zt/r r .. 
BEGINNING DEPTH END DEPTH 5'1 (FT. I~LOW DATUM) 
lOlL/ROCK INTERVAL -::f?o,u 7.,1~ 8 fC lfiJ"" ,~t;£,..t ~-

BOREHOLE: DEPTH AT TEST (FT. IELOW DATUM) BV5 DIA. ~IN.) :J;(' $)ld!f 
HEIGHT OF WATER IWIVEL (FT. ABOVE DATUM) .-.::<.' 

-7' 

STATIC GROUNDWATER DEPTH (FT. IELOW DATUM) Ei ~ l:f '\ ~ h.g.z, 
(AT STAAT OF FIRST TEST) 

.. . 
TIME INTERVAL VOLUME REMOVED WATER PRESSURE AIR PRESSURE 

(MIN) .(G M:J- <:"'11 Pr (PSI) (PSI) 

./~~··· t5 lc.; 2t)lf.J: .l'/)~ ,I(" ,/J$; ?LJ~~; /G>Psi k'---.' . ·' 2DfS· JP- ~/ ~~~; 

·~· .(5 '6 7£.'"\..'' _esf '~~ 2LZJ ?etC) ..,,... .. ., 
h< .11s' 6f(' ?3 . a"' Jt·o z" 11 I 

I . / I ?:15"' ~n.~ 2~ 
c. 

,... 
/S"' 7~ Frf .1.'4 :z .. r; .. ~ ~~ ,~ 

2 z. z "7.JS (/"/· ~~j 'l.l i ,( • z'f 2r z,r 1~-d." 8a, .... i z Y1 \'I. ¥~ 

.. ~ ":? 3 A A. 9''l.~ '7~) J_, 
3~ ::1-r ,?of' l~f"'.fr""' 7'' J""' z~? ~ocJ 

1/ ''I y' 1!~'164' 
q:z~ / z~ 

1/f ~~ yJ' 4'~ 2B1 

,')' r j ,~, zttf 

~· 4'(' 5" f_t'7 ,~oF 

t I t" 1'1.1 .3'J 

,r. t" t'$ 91'1 ;~"l/ 

1 7 ? 9''' :3~1 

1~ 11 1' /Pt:J. ~u \[/ ' ~/ 'it "~ v 
EQUIPMENT DESCRIPTION: /A,,~!; I IA..)""f"!a. !JlA,~j#;"/') 

' 

TOP PACKER: DEPTH CFT. BELOW DATUM) zt~;r.3b'' LENOTH CFT.) 2~ 
. PACKER TYPE: (S)INGLE/(D)OUBLE D t TEST INTERVAL LENGTH (FT.) 14 1 

. 
COMMENTS~ eM <2 '*e a; zg ,es" 

I 

• ' ·'· .. 

NOTE: DATUM• GROUND SURFACE 
.. 

.II O•AL•I•O·I ·(Ill•) .. ,._ - . ·• ......... . . ... : . .· .... f· ........ ~ .. ; .... , ..... ~ ~~-· .. ,. ·- .. ··~ . ...... ~ . . ••..... ·' ....... . .. 



. -;s: R? /loz!E" ----;;;?L Jt!.s ~}1/9! 9/1 l'"..S. 

[l( JtC08S ENGMERNG GROUP NC. Z:F~ 
ADVIMCID ITITIIU DMatotc, ALIUeUIMUI O'IUTIOMI 

PACKER (DRILL STEM) TEST 
. 

fhzol Z:&¢? SITE ID: LOCATION ID: 9/1 LOG DATE: • 
LOGGING COMPANY: FIELD REP.: 

TESTED INTeRVAL: 

BEGINNING DEPTH END DEPTH (FT. BELOW DATUM) 
lOlL/ROCK INTERVAL 

BOREHOLE: DEPTH AT TEST (FT. IELOW DATUM) DIA. (IN.) 

HEIGHT OF WATER SWIVEL (FT. ABOVE DATUM) 

$T A TIC GROUNDWATER DEPTH (FT. BELOW DATUM) 
•· 

(AT STAAT OF FIRST TEST) 

TIME INTERVAL VOLUME REMOVED WATER PRESSURE AIR PRESSURE 
(MIN) (GAL) (PSI) (PSI) 

/4"~1/, I Zt:> /'-;,~ /~/:j; ?C-' f'.St 
I 

"7 b'.l's/ .::l()d'.J,i 1<" Ps-i 2.:7 .O.s-,' 

·£?. ·e 1'0 17 .~~3:[r) 7.e-o 2.::>e} 

8$" fj~ /1} -;7 3":J3 \ 

••• 9' q //"1~8 -1£4' I 
'f> <fs-. 1nS'0 

4mi'I'~P I 
It" /t) //) 11 /P . 
//.·s ;~s j("l'-

I' a .(,.,,/1 I 

// II jtJ fZ. 

II( ;If' /C~ 

17 ·'""2' /1() 

fzt' /?~ _i!'' 

/3 /3 /l~c 

!3<{ ./3' '//"<; 
I I 

I ! I 

1•/ /-/ /131 I 
11/f ;yf" ;1'19 

I I 
/5' /t /l~f . l; 

\[/ 

v 'l/ 1/ 

EQUIPMENT DESCRIPTION: 

TOP PACKER: DEPTH (FT. BELOW DATUM) LENGTH (FT.) . 
PACKER TYPE: (S)INGLE/(D)OUBLE TEST INTERVAL LENGTH (FT.) 

COMMENTS: 

NOTE: DATUM • GROUND SURF ACE 
.IEG-AL-ENG-1 (1/14) :e. 



-· 

( 

. 

( 

. 
: 

ll· 

-
~I ~~JACOBS ENGINEERNG GROUP NC. 

J !.} " ~ 5 1985 
ADYANCID nlftMI DIYIItON, AUU.UIMUI OPIUTIONI 

PACKER (DRILL STEM) TEST 
. 

f:!/}T~ ~ll LOG DATE: . $d>'Z.Z.1 -SITE ID: . LOCATION ID: . 
JErq l. Hol\etrd LOGGING COMPANY: FIELD REP.: 

TESTED INTERVAL: 

BEGINNING DEPTH ~~·~ END DEPTH ~~·~ (FT. BELOW DATUM) 
· SOIL/ROCK INTERVAL S'r. ~ 

BOREHOLE: DEPTH AT TEST (FT. BELOW DATUM) ~4-.s DIA. (IN.) ~~a. 
HEIGHT OF WATER SWIVEL (FT. ABOVE DATUM) ~.,. 

STATIC GROUNDWATER DEPTH (FT. BELOW DATUM) c.e.z 
(AT START OF FIRST TEST) 

ELAPSE TIME VOLUME REMOVED WATER PRESSURE AIR PRESSURE 
(MIN) (GAL) (PSI) (PSI) 

' IS' J,£" z.s '7.-DO 

,, I .o 0 z.-:: 7J:>0 

... /.S (.) I I 
'' 2.0 

: 
i ' 

... t...S: 

!.0 .. ' - I 

8.~ 

.... .d.o 

4.~ 

~.(J ! 
I 

~.~ 

(., .() ! 

b.~ ! 
"7.0 

. ' ?.~ 

e.o 
e' , ~ ~ 

EQUIPMENT DESCRIPTION: 

TOP PACKER: DEPTH (FT. BELOW DATUM) LENGTH (FT.) 

PACKER TYPE: (S)INGLE/(D)OUBLE TEST INTERVAL .LENGTH (FT.) 

COMMENTS: 
.. ,. f 

!NOTE: DATUM• GROUND SURFACE ., 

-'EG-AL-ENG-1 (1114) 
\ 

\ 

\ 

~ 
• 

• 



T . 0{ 
• 

~~ I [H JACOBS ENGINEERNG GROUP NC. 
ADVANCID nan111 DIVISION, AUMUIMUI OPIIATIONI ~It/ttl 1/ 

JUN 2 8 1985 
PACKER (DRILL STEM) TEST 

. 

··I:J.A-Trkf LOG DATE:· 8S!i?'Z.'Z7 -SITE ID: LOCATION ID: £ll . 
~ LOGGING COMPANY: FIELD REP.: 

TESTED INTERVAL: 

BEGINNING DEPTH fJ4, s;" . END DEPTH t:t4. ~ (FT. BELOW DATUM) 
SOIL/ROCK INTERVAL sr- .3 

BOREHOLE: DEPTH AT TEST (FT. BELOW DATUM) 94.S DIA. (IN.) ~,0 

HEIGHT OF WATER SWIVEL (FT. ABOVE DATUM) 4.6 

STATIC GROUNDWATER DEPTH (FT. BELOW DATUM) ~e.z 

(AT STAAT OF FIRST TEST) 

ELAPSE TIME VOLUME REMOVED WATER PRESSURE AIR PRESSURE 
(MIN) (GAL) (PSI) (PSI) 

-. 

I···"· 
4:b 0 .!>0 LDD 
~~~ e, ~b I 

I•~ ~ .. 

' ' I~ r 

IO..S 
I 

. Ce n . I .. 
/./.. ~ 

- /.2. \ 

/2.:.~ 

I~ 

I I 

12. .I{" I 

14 I 

14.~ 

I~- , I 

IS:~ z.e i 

I~.- ~· I 

'" ·S" . ~ \ 
11 " .!/:) 

EQUIPMENT DESCRIPTION: 

TOP PACKER: DEPTH (FT. BELOW DATUM) LENGTH (FT.) 

· PACKER TYPE: (S)INGLE/(D)OUBLE TEST INTERVAL LENGTH (FT.) 

• COMMENTS: 

I 

i 

NOTE: DATUM• GROUND SURFACE 
.IEG-AL•ENG-1 Call•) 



rtf JfC08S ENGKERNG GROUP NC. 
~ ADYUCIO 1Y1111111 DM110M. AI.IUeUIIUIOfiiA110NI 

·. PACKER (DRILL STEM) TEST 

SITE ID: liAr .. "" LOCATION 10:_9~/~/--- LOG DATE: ...;:;.,i~.IJ6.~_... 
LOGGING COMPANY: --¥.iiW~1 '.:.:;·o:J:,~f;""/_.~ .. «~4~------ FIELD REP.: ..,g.~~~~ 
TESTED INTIRVAL: 

· IEQI~NINO DEPTH f'(.S END DEPTH.-.9.-.1./.;.;•!t;o..-__ (FT. BELOW DATUM) 
lOlL/ROCK INTERVAL _.....:ftL:YX.·~v"-=.~ .:zf:t';z.:.;· 5"i2-------Ci~r."mz~ ..... ~i:.,;jf~:..o(l;,jfr..,;·.._ __ _ 

3" BOREHOLE: DEPTH AT TEST (FT. IELOW DATUM) · 91/·~[ DIA. (IN.)....,:;::;._ __ 

HEIGHT OF WATER SWIVEL (FT. ABOVE DATUM)--~-~t/.~·0--..~-----
STATIC GROUNDWATER DEPTH (FT. IELOW DATUM) -----------

(AT ITART:.OF FIRST TEST) 

TIME INTERVAL 
(MIN) 

VOLUME REMOVED 
(GAL) 3 

. WATER PRESSURE AIR PRESSURE 
(PSI) (PSI) 

30 

EQUIPMENT DESCRIPTION: --J14ii£.2U.'f"-<:~<i"' ~,~?-....J*~Hi:£JieE.,jl~c;_...,,plil.cr:;:i,jc::J:(~cV~------

, . . / 
TOP PACKER: DEPTH (FT. IELOW DATUM) fl'r?' LENGTH (FT.) __ 1{~0---
PACKER TYPE: (I)INOLE/(D)OUBLE s.@pt TEST INTERVAL LENGTH (FT.) IO·a" 

c_OMMj!NTS: ficazsk b<G·c.L -~ L..L :=:"'~-/--
. . ao e~Zr ~-n'Vr~~ ~'!.~ ~2. !!.!ft-'YI,Q.6::~ .6~t"a~ 

,.. 



IH JACOBS EtGINEERNG GROUP NC. ~ 
~/J/91 

JUN 2 5 1985 ADYAMCID niTIMI DMIION, ALIMUIMUI OPIIATIONI 

PACKER (DRILL STEM) TEST 
. 

SITE ID: g,A:rrl?,r LOCATION ID: C'tlt LOG DATE: · 8S ¢2 'ZS -
. 

LOGGING COMPANY: .Jeq FIELD REP.: g,f{of{,,d 
TESTED INTERVAL: 

BEGINNING DEPTH ~4·5 . END DEPTH l~4.~ (FT. BELOW DATUM) 
SOIL/ROCK INTERVAL .sr -a 

BOREHOLE: DEPTH AT TEST (FT. BELOW DATUM) l~a.s DIA. (IN.) ~·~ 
HEIGHT OF WATER SWIVEL (FT. ABOVE DATUM) ~.C/2 
STATIC GROUNDWATER DEPTH (FT. BELOW DATUM) t.D-a ·l: 

(AT START OF FIRST TEST) 

I 

l ELAPSE TIME VOLUME REMOVED WATER PRESSURE AIR PRESSURE 
" I (MIN) (GAL) (PSI) (PSI) 

.. ~ },87 2.~ Lbft> 

. I 
I 

.I 
I ,. 

I. o ~ {).~1 z(J 

JJ~ ?~ ~-;~ ' ?__,; 
2- ~ iJ ~~ ~ 

2.~ .v.-rr tJ -~ 

,~, ~ ~ tb .,1.- I 
- 3.-s; ~ t/;.1~ -z.t i 

~ 2...$a iiJ "~ J 

4.( -~ ~-d~ t.'Z. I 
~· ~ ~. o'-1 z.c; 
c;-,~ :z..4lr rP t.~ 

(, ~ rJ; -z.(' 

t,S ··~ d; t< 
-i -~ {j 2.-( 

1.~ ·~ d.¢4 'l< 
B ~~ (j oz.r 
g.-c ~ (/) '2-~ 

EQUIPMENT DESCRIPTION: 

TOP PACKER: DEPTH (FT. BELOW DATUM) LENGTH (FT.)· · 

PACKER TYPE: (S)INGLE/(D)OUBLE TEST INTERVAL LENGTH (FT.) 

COMMENTS: 

NOTE: DATUM• GROUND SURFACE 
JEG-AL-ENG-1 (Ill•) 



. .. £~· -

/I " ~JACOBS ENGINEERNG GROUP NC. ~ ~ JUN 2 8 198~ ADVAMCID IYitiMI DMIION, ALIU.UIMUI OPIIATIONI <(/;/9J 
PACKER (DRILL STEM) TEST 

. 
•' 

&i.S.!~l ~ll LOG DATE: . ei.6?.U3 -SITE ID: LOCATION ID: . 
.JEfl FIELD REP.: £Jdt//4.u:l.. LOGGING COMPANY: 

TESTED INTERVAL: 

BEGINNING DEPTH ~~~ ' END DEPTH £{2!l. ~ (FT. BELOW DATUM) 
SOIL/ROCK INTERVAL :s:r:-~ 

BOREHOLE: DEPTH AT TEST (FT. BELOW DATUM) l~ .. ~ DIA. (IN.) .. ~.c 
HEIGHT OF WATER SWIVEL (FT. ABOVE DATUM) ~.o 

STATIC GROUNDWATER DEPTH (FT. BELOW DATUM) ~.Z: 
(AT START OF FIRST TEST) 

.. 

ELAPSE TIME VOLUME REMOVED WATER PRESSURE AIR PRESSURE 
(MIN) (GAL) (PSI) (PSI) 

'1.'D f/J . i41./ .so 1_P,) 

q 5' .tD . I . . . 

:_! IO;o tP .... 
. JtJS 0 

\ 
11.0 ~ 

·, 
/liS 

" 
tl; ~ 1 I 

- IZ.P -~ 
. 

f?l~ 

.~ .• l> 

1~.5 

14.: 
1+.-S 
I Sa 
,_,;,S 
I r,. •. 

I t,Je:; 

17'f': ~· ~-- ~· 
EQUIPMENT DESCRIPTION: 

TOP PACKER: DEPTH (FT. BELOW DATUM) LENGTH (FT.) 

PACKER TYPE: (S)INGLE/(D)OUBLE TEST INTERVAL LENGTH (FT.) 

.COMMENTS: 
\. 

NOTE: DATUM • GROUND SURF ACE 
tiEG•AL-ENG-1 (1114) . 



· r- ,.,.. · .. ·.: .... • · ·•~, ...... ·.iiL!!;,.-.···:~?~:;·.· '~"o .... ·,··.,. ~-3o· · · ... ·· ~o··· ..... -~·· ... · •o. ~~-. ···r· . . /r;;/1· ·~··" .. ,:;1 ..... q,'.t"'•.·' .-. ,:: ••• :· r"' • ... -~ •. ( 

1.0 ·._ · 1.o. , 'f6-;.~;~>'1f5:.3~··: ·':\·::<_·.:· :-y~-~--• .-: ·3·o·-~ :··<:-;:., .. .-· · ~-'!. .. · .. ' ·;·: .. ·::~. ·· · 

-I• 6. h.~· filS"•~· .. ~:!Jr!~ ,;},:~·.)'' • . A; •. :". • . . • . • •. 

.. J.o J~~··. · . · ·. . <IS~'*~- · :qi, ~'4 .. :;·.· ;.·. ~- =·;··· · · ·-.-:· . ·• ··. • ... : -~~~: · ·' 

.•.. · ·. ,. 5 ;,5 : .. liS"~·. IIJ~·~.,_, : =-~ .... : .. -' ..... i*:i. ;i_ :~ ·: .. · ·. ' :~.-~; .• ··: ...... :, • I ·:' I . ·, .. 

a. 0 ... .. . . . n &.. .. , _, 0\ ' Jt. . .,.·; !l.L' ' . . . ... . . . .• ·~ . . . .. • .. . 
.1'•0 -.~ .,.,_ .,~ ,·::J-;J ··.' ·,· ·... -· . ' • 

• 

•.. . 1-l.D 'IS·~· 
.. '· . ·· ::.·.':. ; . :I'::' ~ .• 

..,.~ lf6'·1~ 
... 

;'. . . .. 
If•! ~.~.~. . ·if;,·;..,~ -~·5: i!< ;.,•.;.· ... ·,"':· .. ~. ,· ····.•.· . . 

5·0 ~ ,{J t!J~.M Ci.~. IS' .. · .. :J~' Jo 
G·! s.~ q .5' .,;~"' '16":~~ 

.. 
~~, 

(, ,D (.,f) qc;,~;'. 95·3~ 
(,,.; lA·S"' 15'· ~5' 'It:'·~~ 
1;0 1.fJ IJIJ. ~5 ~~~. ~5 

1·5 . .., .. ~ . q!).~~~ 45.5! 
R·D ••• q!f, ;s~J q'5.a~ 

6·! f ·1" 9S·,~S ,~.'!$ 

EQUIPMENT DESCRIPTION: ··wu·e &d• .. IN. , ... ,~,.. 
; {.Qaub It= .. > I .. 

TOP PACKER: DEPTH CFT. BELOWJATUM) f't!£" LENGTH (FT.) z:p' 
PACKER TYPE: (B)INQLE_~)OUBL ~.:.- TEST INTERVAL LE_NQTH CFT.). ·~14 ~ 
COMMENTS: . _6,,_~·~,_ rL:-~~~~_1 ;~/e'. ~~ . ~L>- s.t:J P~_/ 

NOTE: DATUM• GROUND SURFACE . 
· .IIG•AL•IN8•1 (Ill•) ·.:. .. ..; . ~,. ·,.. . . ,., -~ 



~ __ _... ____________________ ---------------- ----------------- ... 
'\ , 

dtcdcd 6f JC.I•NII• ,Y4,/IS 
,OAT£ 

t .PACKER TEST DATA lPACl H2216 
• <TEST INTR\IU <-BOAEHO\.£--) us ou ELAPSD IIOL UAT 

T£C.,'!\ •SITE LOC LDO BEG DP END OP 8 DEPTH OIA" Hr.T l£\IEL liPI£. RE"UVE PRfSS FLO'V'/ • •CODE 10 DATE lFTBDJ lFTBOJ US/RC 0 lFTBDJ (IN) FTAD lFfRDJ ("INJ CGALJ (PSI) (l..t-."Tl;.. ""!.JJ"T'ER. v J.. \..... 
c 

•casa•.•••.••ac••.•••=e•.a••=••.•••=•.•.=•%===·=====•.e==z.cc==~•.==~~~s.~~:~=~=.=~=~•. 

HAT01 911 850221 64.50 74,50 ST 3 74.50 3.000 3.00 68.20 0.50 8.60 21.5 , HAT01 911 850l21 64,50 74.50 ST 3 74,50 3.000 3.00 68.20 1.00 1.12 21.5 ( 
HATOt 911 850221 64.50 74.50 8T 3 74.50 3.000 3.00 6R.20 1.5o 0.75 21.5 
HATOt 911 850221 64.50 74.50 ST 3 74.50 3.000 3.00 68.20 2.00 0.75 21.5 » HATOt 911 850221 64,50 74.50 8T 3 74.50 3.000 3.00 68.20 2.50 0,37 21.5 ( 
HATOt 911 850221 64.50 74.50 8T 3 74.50 3.000 3.00 68.20 3.00 1.12 21.5 
HATOt 911 850221 64.50 74,50 8T 3 74,50 3,000 3,00 68.20 3.50 0.75 21.5 , 
HAT01 911 850l21 64.50 74.50 8T 3 74.50 3.000 3.00 68.:.!0 4.00 0.75 21.5 ( 

HATOt 911 850221 64.50 74.50 8T 3 74,50 3.000 3.00 68.20 4.50 0,90 21.5 

) 
HA101 911 850221 64,50 74.50 ST 3 74.50 3.000 3.00 68.20 5.00 0.97 21.5 
HAT01 911 850221 64,50 74.50 8T 3 74,50 3.000 3.00 68.20 5.50 0.82 21.5 ( 
HATOt 941 850221 64,50 74.50 ST 3 74.50 3.000 3.00 68.20 6.00 0.82 21.5 
HATOt 911 850221 64.50 74,50 ST 3 74.50 3.000 3.00 68.20 6.50 0.97 21.5 

~, .... s '-7£/-'S' 
, 

HATOt 911 850221 64.50 74.50 ST 3 74.50 3.000 3.00 68.20 7.00 0.90 21.5 
~.:I Jf*' HAT01 911 850221 64.50 74.50 8T 3 74.50 3.000 3.00 68.20 7.50 0.83 21.5 

HA101 911 850221 64.50 74.50 ST 3 .74.50 3.000 3.00 68.?0 8.00 0.82 21.5 
HATOt 911 850221 64.50 74,50 8T 3 74.50 3.000 3.00 68.:.!0 8.50 0.82 21.5 ( 
HATOt 911 850221 64.50 74.50 8T 3 74.50 3.000 3.00 68.20 9.00 0.82 21.5 
HAT01 911 850221 64.50 74,50 8T 3 74.50 3.000 3.00 68.20 9.50 0.75 21.5 
HATOt 911 850221 64.50 74.50 8T 3 74.50 3.000 3.00 68.20 10.00 0.82 21.5 ( 
HATOt 911 850221 64.50 74.50 8T 3 74.50 3.000 3.00 68.20 10,50 0.90 21.5 
HA101 911 850221 64.50 74.50 8T 3 74.50 3.000 3.00 611.20 41.00 0.82 21.5 
HAT01 911 850221 64.50 74.50 ST 3 /4,50 3.000 3.00 68.20 11.50 0.82 21.5 ' HATOt 911 850221 64.50 74,50 8T 3 74.50 3.000 3.00 68.20 12.00 0.82 21.5 
HAT01 911 850221 64,50 74,50 8T 3 74.50 3.000 3.00 68.20 12.50 0.75 21.5 
HAT01 911 850l21 64.50 74,50 ST 3 74.50 3.000 3.00 68.?0 13.00 0.75 21.5 ( 
HAT01 911 850221 64.50 74.50 ST 3 74.50 3.000 3.00 68.20 13.50 0.75 21.5 
HAT01 911 850221 64.50 74.50 8T 3 74.50 3.000 3.00 68.20 14.00 0.75 l1.5 
HATOt 911 850221 64.50 74.50 ST 3 74.50 3.000 3.00 611.20 14.50 0.82 21.5 ~ 
H8101 911 8S022j Uo52 Z~o52 &I a Z!ol!R 3o2!M! 3.RR 611.i:Q i5o2R Q.Bi! 2Mi 
HAT04 944 850222 74.50 84.50 ST 3 84.50 3.000 3.00 68.20 o.oo o.oo 10.0 
HAro1 911 850222 74,50 114,50 BT 3 84,50 3.000 3.00 68.20 0.50 0.75 10.0 
HAT01 911 850222 74,50 84.50 ST 3 84.50 3.000 3.00 68.20 1.00 0.37 10.0 
HA101 911 850l22 74,50 84,50 BT · 3 84.50 3,000 3.00 68.20 1.50 o.oo 10.0 
HAT01 911 1150222 74.50 84.50 ST 3 84.50 3.000 3.00 68.?0 2.00 o.oo to. "' HA101 911 850222 74.50 84,50 ST 3 84.50 3.000 3.00 68.:.!0 2.50 •• 12 15.0 
HAT01 911 850222 74.50 84.50 ST 3 84.50 3.000 3.00 68.20 3.00 0.90 15.0 
HAT01 911 850222 74.50 84.50 ST 3 84.50 3.000 3.00 68.20 3.!".0 0.97 15.0 I I HATOt 911 850222 74.50 84.50 ST 3 84.50 3.000 3.00 68.20 4,00 0.90 15.0 1.1 1"" t>¥-5 HAT01 911 850222 74,50 84.50 ST 3 84,50 3,000 3.00 68.20 4.50 0.90 15.0 ('f. '5' -HAT01 911 850222 74,50 84.50 ST 3 84.50 3,000 3.00 68.20 s.oo 0.97 15.0 \. 
HAT01 911 850222 74.50 84,50 ST 3 84,50 3.000 3.00 68.20 5.50 0.8? 15.0 
HAT01 911 850222 74.50 84,50 ST 3 84.50 3.000 3.00 68.20 6.00, 0.90 15.0 
HA101. 911 8SOl22 74,50 84.50 ST 3 84,50 3.000 3.00 611.20 6.50 o.8i' 15.0 I. 
HAT01 911 850222 74.50 84,50 ST 3 84,50 3.000 3.00 68.20 1.00 0.90 15.0 
HAT01 911 850222 74.50 84.50 ST 3 84.50 3.000 3.00 611.20 7.50 1.1;> 15.0 
HAT01 911 850222 74.50 84.50 ST 3 84,50 3.000 3.00 68.20 8,00 0.75 15.0 I. 
HA101 911 1150:.!22 74.50 84.50 ST 3 84.50 3.000 3.00 68.20 8.!".0 0.8?. 15.0 

~~ HAT01 911 8SOl22 74.50 84.50 ST 3 84.50 3.000 3.00 68.20 9.00 0.90 15.0 

~ ." ., • ~ • ~ ·"""' 



• •• 

.PACKER TEST DATA (PAC) 
1 CTEST INTRUl.) <-IIORF:HOLE--> US GU ELAPSO 
•SITE LOC L'OO IIEG OP END OP 8 DEPTH OIA" HGT lEVEL TI"F-
tCOOE 10 DATE CFTIIOJ CFTIIOJ U91RC 0 CFTIIDJ CINJ FTAO CFTBDJ ("INJ 

H2246 
UDL UAT 

RE"IliiE PRF.SS 
cr.nLJ CPSIJ 

t=••••.•••.•~••••.••~•••.••~:~•.•~~•••••=•~=a•.•=s~~•.•so~.a~c=~e.•mss~m.a=~~~~.=~~=~. 

HAT04 944 850222 74.50 84.50 8T 3 84.50 3.000 3.00 68.20 9.50 O.f!?_4!:;._._,_·-+--
HA104 944 8S0222 74.50 84.50 ST 3 84.50 3.000 3.00 68.10 40.00 0.60 20.0 
HAT04 944 1150222 74.50 84.50 ST 3 84.50 3.000 3.00 611.20 40.50 4.42 20.0 
HAT04 944 850222 74.50 84.50 ST 3 114.50 3.000 3.00 69.20 44.00 0.75 20.0 
HAT04 944 1150222 74.50 84.50 ST 3 114.50 3.000 3.00 611.20 44.50 0.75 20.0 
HAT04 944 8S0~22 74.50 84.50 BT 3 114.50 3.000 3.00 611.20 42.00 0.119 20.0 
HAT04 944 850222 74.50 84.50 ST 3 114.50 3.000 3.00 611.20 42.50 0.75 20.0 
HAT04 944 1150222 74.50 84.50 8T 3 84.50 3.000 3.00 68.20 43.00 0.75 20.0 
HAT04 944 1150222 74.50 84.50 8T 3 84.50 3.000 3.00 68.20 43.50 0.92 20.0 
HAT04 944 850222 74.50 84.50 BT 3 84.50 3.000 3.00 69.10 44.00 0.68 20.0 
HAT04 944 850222 74.50 84.50 8T 3 84.50 3.000 3.00 611.20 44.50 0.52 20.0 
HA104 944 1150~22 74.50 84.50 BT 3 114.50 3.000 3.00 68.20 45.00 0.67 20.0 
HAT04 944 850222 74.50 84.50 ST 3 114.50 3.000 3.00 611.20 45.50 0.75 20.0 
HA104 944 850222 74.50 84.50 ST 3 84.50 3.000 3.00 68.20 46.00 0.60 20.0 
HAT04 944 850222 74.50 84.50 ST 3 84.50 3.000 3.00 68.20 46.50 0.60 20.0 
HA104 944 850222 74.50 84.50 ST 3 84.50 3.000 3.00 68.20 47.00 0.30 20.0 
RAto4 944 osozz7 &4.so '14.so st 3 u.so 3.ooo 4.oo 611.2o o.so •.so 2s.o 
HAT04 944 850227 84.50 94.50 ST 3 94.50 3.000 4.00 69.20 4.00 0.00 25.0 
HAT04 944 850227 84.50 94.50 8T 3 94.50 3.000 4.00 68.20 4.50 0.00 25.0 
HAT04 944 8502~7 84.50 94.50 8T 3 94.50 3.000 4.00 69.20 2.00 0.00 25.0 
HAT04 944 850227 84.50 94.50 ST 3 94.50 3.000 4.00 68.20 2.50 0.00 25.0 

•.• JP-4 
HAT04 944 850227 84.50 94.50 BT 3 94.50 3.000 4.00 68.20 3.00 0.00 25.0 
HAT04 944 850227 84.50 94.50 ST 3 94.50 3.000 4,00 68.20 3.50 0.00 25.0 
HA104 944 850227 84.50 94.50 ST ~ 94.50 3.000 4.00 611.20 4.00 0.00 25.0 
HAT04 944 1150227 84.50 94.50 ST 3 94.50 3.000 4.00 611.20 4.50 0.00 25.0 
HA104 944 1150227 114.50 94.50 ST 3 94.50 3.000 4.00 68.~0 5.00 0.00 25.0 
HAT04 944 1150227 114.50 94.50 ST 3 94.50 3.000 4.00 68.20 5.50 0.00 25.0 
HA104 944 1150227 114.50 94.50 ST 3 94.50 3.000 4.00 69.20 6.00 0.00 25.0 
HAT04 944 850227 114.50 94.50 ST 3 94.50 3.000 4.00 68.20 6.50 0.00 25.0 
HAT04 944 850227 84.50 94.50 8T 3 94.50 3.000 4.00 68.20 7.00 0.00 25.0 
HAT04 944 950227 84.50 94.50 8T 3 94.50 3.000 4.00 68.20 7.50 0.00 25.0 
HAT04 944 850227 84.50 94.50 ST 3 94.50 3.000 4.00 68.?0 8.00 0.00 25.0 
HAT04 944 850227 84.50 94.50 BT 3 94.50 3.000 4.00 68.20 , 8.50 0.00 25.0 __ _ 
HAT04 944 850227 84.50 94.50 8T 3 94.50 3.000 4.00 68.10 9.00 0.00 30.0 
HAT04 944 950227 84.50 94.50 8T 3 94.50 3.000 4.00 68.20 9.50 0.00 30.0 
HAT04 944 850227 84.50 94.50 8T 3 94.50 3.000 4.00 68.20 40.00 0.00 30.0 
HAT04 944 850227 84.50 94.50 ST 3 94.50 3,000 4.00 68.20 40.50 0.00 30.0 
HAT04 944 850227 114.50 94.50 ST 3 94.50 3.000 4.00 69.20 44.00 0.00 30.0 
HAT04 944 850227 84.50 94.50 ST 3 94.50 3.000 4.00 69.20 44.50 0.00 30.0 
HAT04 944 850227 84.50 94.50 BT 3 94.50 3.000 4.00 69.20 42.00 0.00 30.0 
HAT04 944 850227 84.50 94.50 ST 3 94.50 3.000 4.00 68.20 42.50 0.00 30.0 
HA104 944 850227 84.50 94.50 ST 3 94.50 3.000 4.00 69.20 43.00 0.00 30.0 
HAT04 944 850227 84.50 94.50 ST 3 94.50 3.000 4.00 68.20 43.50 0.00 30.0 
HA104 944 8S0227 84.50 94.50 BT 3 94.50 3.000 4.00 69.20 44.00 0.00 30.0 
HAT04 944 850227 84.50 94.50 ST 3 94.50 3.000 4.00 69.20 44,50 0.00 30.0 
HAT04 944 950227 84.50 94.50 ST 3 94.50 3.000 4.00 68.20 45.00 0.00 30.0 
HAT04 944 850227 84.50 94.50 ST 3 94.50 3.000 4.00 68.20 45.50 0.00 29.0 
HAT04 944 950~27 94.50 94.50 ST 3 94.50 3.000 4.00 69.20 46.00 0.00 30.0 
HAT04 944 950227 114.50 94.50 ST 3 94.50 3.000 4.00 68.20 46.50 0.00 30.0 
HAT04 944 850227 84.50 94.50 ST 3 94.50 3.000 4.00 69.20 47.00 0.00 30 0 
Rnnn tH a!.o228 94.so 1o4.so st 3 1o4.so 3.ooo 4.oo 6H.2o o.so t.R7 2o.o 
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MEXICAN HAT CALCULATION HATOl-09-90-14-06-00 1(tc_p(~t 

' • 

• 

PURPOSE 

HYDRAULIC GRADIENTS AND GROUNDWATER VELOCITIES 
FOR THE HALGATIO SHALE FORMATION AND 

THE HONAKER TRAIL FORMATION, 
MEXICAN HAT SITE, UTAH 

. The purpose of these calculations is to determine the hydraulic 
gradients in the Halgaito Shale Formation (unconfined) and in the 
Honaker Trail Formation (confined uppermost aquifer) at the Mexican 
Hat site. The calculated hydraulic gradients are used to determine 
linear groundwater flow velocities for the Honaker Trail Formation 
and the Halgaito Shale Formation. These velocities will be reported 
in the Mexican Hat Remedial Action Selection Report. Furthermore, 
the vertical gradient between the Honaker Trail Formation and the 
Halgaito Shale Formation will be estimated. The vertical gradient 
within the Halgaito Shale will also be estimated in the area of the 
tailings pile. 

PROCEDURE 

The hydraulic gradient for the Honaker Trail Formation was 
determined by constructing a map of the potentiometric surface and 
calculating the loss of head over a given distance in the direction 
of groundwater flow . 

.The hydraulic gradient for unconfined groundwater surface in the 
Halgaito Shale could not be determined by the above procedure since 
the monitor wells completed in this formation were screened across 
several different intervals. In an unconfined system, the depth of 
screened intervals has to be fairly uniform to ensure an accurate 
depiction of the water table surface. Since a water table map could 
not be created, it was assumed that the direction of groundwater 
flow is down dip and the gradient is approximate to the dip 
magnitude. This assumption is reasonable since the groundwater 
flows above an interval of very low hydraulic conductivity within 
the basal section of the Halgaito Shale (see calculation Hat01-07-
91-14-03-00) and this interval most likely is oriented parallel the 
dip of the entire formation. 

The linear groundwater velocity is the rate at which the 
groundwater moves through the pore spaces. The groundwater velocity 
was determined by the following equation where, 

K i 

n 

K = hydraulic conductivity 

• i = hydraulic gradient 

t "f ""-



n = effective porosity 

f'(Wv 

ct;:;#Z-/11 
VL = linear groundwater velocity 

The vertical gradient between the Honaker Trail Formation and the 
Halgaito Shale Formation was determined with data from the monitor 
well pair 907 and 906 (Fiqure 1). Monitor well 907 is screened in 
the Honaker Trail Formation and monitor well 906 is screened in the 
Halgaito Shale Formation. The vertical gradient was determined by 
dividing the difference in water levels between the two wells by 
the distance between the screen midpoints of the two monitor wells. 
The direction of groundwater flow is towards the formation with the 
lowest water levels. The vertical gradient within the Halgaito 
Shale Formation in the tailings pile area was determined in a 
similar fashion with the monitor well pair 911 and 912. 

ASSUMPTIONS 

Since the Honaker Trail Formation is a confined aquifer, it is 
assumed that the vertical separation of screened zones of monitor 
wells will not affect the the estimations of groundwater gradient. 

It is assumed that the hydraulic conductivities, hydraulic 
gradients, and porosities used in the calculations are 
representative of the actual aquifer properties. 

PROPERTIES 

• 

The hydraulic conductivity for the Halgaito Shale Formation used in • 
these calculations is the geometric mean of all slug test data and 
packer test data. This hydraulic conductivity is 0.20 ft/day. 

The hydraulic conductivity for the Honaker Trail Formation aquifer 
used in these calculations is the geometric mean of all slug test 
data. This hydraulic conductivity is 0.07 ft/day. 

The effective porosities used in these calculations are estimated 
from ranges of literature values of similar geohydraulic units 
present at the Mexican Hat site. 

DATA SOURCES 

Hydraulic conductivities for the Honaker Trail Formation aquifer 
and for the Halgaito Shale Formation: Mexican Hat calculations 
HAT01-07-91-14-02-00 and HAT01-07-91-14-03-00. 

Effective porosities: Groundwater, by Freeze and Cherry, 1979. 

SOLUTION 

The potentiometric surface map for the Honaker Trail Formation is 
shown on Fiqure 2. The calculation for the groundwater gradient· is 
shown in Table 1. Fiqure 3 shows the Halgaito Shale monitor wells, 

• 
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SCALE. IN FEE 1 

LEGEND 

• ! 
.-ONITOFI WELL: UDJJ.IJ4£tR... 77tAIL 
~D,.IITbP. A.JELl : HIJ l.4;A lTD S'~AU 
A8AN00NEO BOREHOLE 

A8AN00NEO DOE MONI10A WELl: 
~o,.,l'lK£ fl.. ~I L ~.,'II\. 

FIGUR& 1 

~ 

\ 

LOCATIONS OF DOE MONITOR WELLS, 
ABANDONED BOREHOLES, 
MEXiCAN HAT SITE 
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their screened intervals, and water level measurements. Table 1 "7/ 1 .., 1 ~ 1 shows the conversion of Halgaito Shale dip to gradient. 

The velocity calculations for the Honaker Trail and Halgaito Shale • 
formations are shown in Table 1. 

The vertical gradient calculations are shown in Table 2. 

RESULTS AND CONCLUSIONS 

The average Honaker Trail Formation groundwater gradient for the 
entire site area is approximately 0.025 ft/ft with groundwater flow 
direction to the east northeast. The regional dip of the Halgaito 
Shale Formation is 4 degrees to the east southeast. The equivalent 
gradient for this dip is 0.07. 

The average linear groundwater velocity of the Honaker Trail 
Formation ranges from 0. 01 ft/day to 0. 02 ft/day. The average 
linear groundwater velocity for the Halgaito Shale Formation is 
estimated to range from 0.1 ft/day to 0. 2 ft/day. However, a 
significant portion of the groundwater flow in the Halgaito Shale 
probably occurs in fractures and bedding planes since ubiquitous 
open fracture sets have been observed on site. Groundwater flow 
velocities, where fracture flow predominates could be an order of 
magnitude higher than that calculated above. 

The vertical gradient between the Honaker Trail Formation and the 
Halgaito Shale Formation ranges from o.os to 0.09 upward. The 
vertical gradient within the Halgaito Shale Formation ranges from • 
0.7 to 1.0 downward. 

REFERENCES 

Freeze, R. A., and Cherry, J. A., 1979, Groundwater, Prentice Hall, 
New Jersey, 604 pp. 

ATTACHMENTS 

1. - Water level data for all monitor wells at the Mexican Hat 
site. 
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IORTH EAST 
LOCATION COORDINATE COORDINATE 

ID (FT) (FT) 

0905 10006.3 9544.2 

0906 10137.5 11103.1 

0907 10154.1 11692.4 

0908 10019.3 9538.7 

0909 7925.5 7134.4 

0910 8336.5 10067.7 

0911 9508.4 11114.0 

FORMATION OF C(MPLETION CODE: 
HM • HALGAITO MEMBER 
Rl • HONAKER TRAIL 

FORMATION 
OF 

COMPLETION 

HM 

HM 

Rl 

Rl 

Rl 

HM 

HM 

STATIC GROUNDWATER LEVELS: ALL LOCATIONS AND DATES AVAILABLE 
SITE: HATOl MEXICAN HAT 
REPORT DATE: 09/06/91 

CASING SCREEN SCREEN 
FLOW ELEVATION BEGINNING LENGTH 
CODE (FT MSL) DEPTH (FT) (FT) 

0 4295.63 12.00 5.0 

0 4223.04 13.80 5.0 

.. 4221.66 107.00 3.0 

.. 4292.63 145.00 37.0 

.. 4335.30 130.00 20.0 

D 4371.60 140.00 40.0 

0 4292.53 93.00 10.0 

• 

DEPTH FRmf GROUNDWATER 
TOP OF ELEVATION 

LOG DATE CASING (FT) (FT MSL) 

04/22!85 DRY -
06/03/85 DRY -
07/28/85 DRY -
04!22/85 9.79 4213.25 
06/03/85 9.18 4213.26 
07/28/85 DRY -
04/11/85 +0.05 4221.61 
04/22/85 +0.05 4221.61 
06/03/85 0.90 4220.76 
07/26/85 +0.90 4220.76 
08/27/88 FLOWING -
04/12!85 51.15 4241.48 
04/22!85 51.13 4241.50 
06/03/85 50.86 4241.n 
07/28/85 51.32 4241.31 
08!28/88 49.86 4242.n 

04/10/85 39.58 4295.72 
04/22!85 37.94 4297.36 
06/03/85 36.91 4298.39 
07/27/85 36.07 4299.23 
08/28/88 34.16 4301.14 
11!17/88 34.10 4301.20 
04/25/91 36.71 4298.59 

04/10/85 167.68 4203.92 
04/22/85 168.65 4202.95 
06/03/85 167.97 4203.63 
07/30/85 167.99 4203.61 
10/09/85 168.91 4202.69 
08/28/88 164.65 4206.95 

04/13/85 93.43 4199.10 
04/22/85 1oo.n 4191.76 
06/03/85 DRY -
07/29/85 DRY -
10/09/85 DRY -
08/28/88 DRY -

FLOW RELATIONSHIP CODE: 
0 • ON-SITE 
II • UNKNOWN 
D • DOWN GRADIENT 

J -·---
~ ·--<' 

• 
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.q . s . =t 11-z. 
A ff/J r/qc;~ 

A. PURPOSE OF CALCULATION 
To calculate the transmissivity in the alluvium watertable 
aquifer at the Monument Valley Site. 

B. METHOD AND PROCEDURES 
An aquifer pumping test was performed on monitor well 651. 
There were no nearby monitor wells that could be used as 
observation wells. Figure 1 shows the monitor well location 
at the site. During the pumping test, drawdown and recovery 
measurements were collected on pumping well manually using an 
electric sounder. Table 1 summarizes aquifer pumping test 
parameters which include the depth, screened interval, and 
static water level of the pumped well, the pumping duration, 
the discharge rate and maximum drawdown observed in the 
pumping well. 

The aquifer test data were analyzed on an IBM-compatible 
personal computer using WHIP~, a sophisticated Well 
Hydraulics Interpretation Program. 

C. ASSUMPTIONS 
1) The aquifer is homogenous and isotropic. 

2) The formation has uniform thickness. 

3) The formation receives no recharge from any source. 

4) The pumped well penetrates and receives water from the 
full thickness of the water-bearing formation. 

5) The aquifer is infinite in areal extent. 

6) The water removed from storage is discharged 
instantaneously with lowering of the head. 

D. MATERIAL PROPERTIES 

Attachment A contains the well log and well construction 
summary for monitor wells 651. 

E. DATA SOURCES 

The pumping test was performed and data collected by the TAC 
in October, 1985. The pumping test data is contained in 
Table 2. 

F. CALCULATION AND ANALYSIS 

The aquifer test data were analyzed on an IBM-compatible 

• 

• 

• 
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7-17~ 
personal computer using WHIPw, a sophisticated Well 
Hydraulics Interpretation Program. This program calculates a 
computerized best-fit for drawdown and recovery curves to 
calculate aquifer parameters. Data input parameters for the 
aquifer test are summarized in Table 3. The parameter 
estimation function of WHIP was used which applies parameter 
estimation methods coupled with the analytical homogenous 
aquifer solution developed by Lai and Su (1974). The plots 
showing the best fit curve for drawdown and recovery analysis 
of the pumping well are shown in Figures 2 and 3. 

G. CONCLUSIONS AND RECOMMENDATIONS 

Transmissivities calculated from the drawdown and recovery 
analysis are 1220 ft2/day (9126 gpd/ft) and 1016 ft2/day (7600 
gpd/ft), respectively. Because the calculations were based 
on drawdown data from the pumping well, it was not possible 
to calculate storativity • 

2 



TABLE 1. 

i.S. 

f/C{L.. 
pff;? 
9/cf~ 

SUMMARY OF AQUIFER PUMPING TEST PARAMETERS 

Pumped Well No. 

651 

Depth 85 
(feet) 

Screened 
Interval 23 - 83 

(feet) 

Member Alluvium 

Static Water 9.17 
Level (feet) 

Pumping 
Duration 600 
(minutes) 

Discharge 
Rate 13.5 

(gal/min) 

Maximum 6.3 
Drawdown 

Distance from 
pumped well to Not 

observation well Applicable 
(feet) 

• 

• 

• 



~on~aent Valley Site TABL£ llell 651 2 L 
~.s. 

j 

Tin Drawdown Ti1e C:./fz., 

(linutesl (feet) since ;?o/? 
0.~ 4.32 pulp ca:culated 

• 5.01 stopped recovery 
' c: 5.06 (li nutes) (feetl ilq/1 

2 ~. ~5 0.5 4.27 
~ .. ~.17 

4.95 
•·""' 

3 5.2 ' c: 5.05 •• J 

3.5 S.24 2 5.1 

4 5.32 2.5 5.19 

4.5 S.34 3 5.28 

5 s.za 3.5 5.34 

6 5.43 4 5.3~ 

~ J~ 4.5 5.44 .,.,., ... 

8 5.58 5 5.6 

9 5.52 6 S.67 

10 5.6 7 5.7 

20 s.e2 B c: '7"'1 .... , ' 
30 5.97 9 5.97 

40 5.91 10 6 

50 5.96 -
... ,.. :. <)7 -·J 

60 6 30 6.13 

70 6.03 40 S.13 

ao 6.04 so f.. !5 

90 £.04 
·~ 6.15 ~v 

120 6.09 70 £.13 

:~o 6.1 so 6.17 

:o0 ! ~ ') so 6.17 ..... -.. 

• 250 5. :6 !20 6.:7 

3:)(' 6.0S 150 6.24 / 

540 6.26 200 6.24 

600 6.28 P~1p stopped a~ 600 1inutes 300 6.24 

600.5 2.03 Recovery Begins 370 6.24 

601 1. 35 
601.5 1.25 

602 1.2 
602.5 1.11 

603 1.02 
603.5 0.96 

604 0.91 
604.5 0.86 

60S 0.7 
606 0.63 
607 0.6 
608 O.S3 
609 0.33 
610 0.3 
620 0.23 
630 0.17 
640 0.17 
f. SO 0.15 
660 0.:4 
670 0.17 
680 0.13 

• 690 0.13 
'7')1' 0.13 , .. v 

750 0.06 
BOO 0.06 
900 0.06 
970 0.06 



TABLE 3. 
DATA INPUT PARAMETERS USED IN THE WHIP PROGRAM 

PARAMETER ESTIMATION METHOD 

WELL GEOMETRY 
X-coord. of Observation Well 
Y-coord. of Observation Well 
X-coord. of Pumping Well 
Y-coord. of Pumping Well 

- 0.000 
- 0.000 
- 0.000 
- 0.000 

BOUNDARY OPTION - this option was not used in any of the 
analyses. 

AQUIFER TYPE - Homogenous aquifer type was used in all analysis 
given the limited zone of influence of the wells. 

AQUIFER PARAMETERS - The saturated thickness input is 75 feet. 

PUMP WELL PARAMETERS 
Pump Well Radius (ft) 
Casing Effective Radius (ft) 
Wellbore Skin 
Well Loss Constant 
Well Loss Exponent 

- 0.167 
- 0.167 
- o.ooo 
- 0.000 
- 0.000 

DUPUIT CORRECTION - This option was set on for the analyses. 

PUMP WELL EFFICIENCY CORRECTION - This option was not used in the 
analysis. • 

• 



LEGEND 

8 RESIDENCE 

• 
/~O,.lffl/ 

('-3 /I .. ~ 

All UVIV 

\ 

100 0 500 1500 ------

~ .s '-11)-
pfp 

+lij,J 

APPROXIMATE SCALE IN FEET 



...--.. 

I-
w 
w 
lL 

-
z 
:3: 
0 
0 
:3: 
<! 
a: 
0 

• 

7.5 
f-

"""" 
f-

f-

6.0 
f-

1-

1-

1-

4.5 
1-

1-

I-

1-

3.0 
I-

1-

1-

1-

1.5 
1-

1-

1-

1-

0.0 
i.E-01 

I 

DRAWDOWN VS TIME 

Monument Valley - Monitor Well 651 

++ 
~~ 

... + + 

..:t..r ~ 
~ + 

+ / 
/ 

I I I II II I I I I II II I I I I II II I I I I II II 

1. E+OO 1.E+01 1.E+02 1. E+03 

TIME (MINS) 



• 
7.5 

1-

r-
I-

r-

6.0 
1-

r-
r-

I-
~ 
w 
w 
LL 4.5 

>-.a: 
UJ 
> 
0 
() 
UJ 
a: 
0 
UJ 

~ 
_J 

::> 
() 
_J 
<( 
() 

r-
1-

1-

1-

3.0 
1-

1-

I-

1-

1.5 
r-
1-

r-
1-

0.0 
1.E-01 

I 

• • 
CALCULATED RECOVERY VS TIME 

Monument Valley - Monitor Well 651 

·~ 
~ 

+ + 

~ -----+ 
+ + 

/ 
(' 

I I I I I I I I I I I II II I I I I II II I I I I II II 

1.E+OO 1.E+01 1.E+02 1.E+03 

TIME (MINS) 



1JE] JACOBS ENGINEERING 

DATE _______ _ 

ay ___ CHKD. __ _ 

" l 

~--·- ; ··--
,. 

::-·-· .. 
··- -· - - . --·· - . .., ... ----... - --

1-·---"----- --. ··-····. 
!; 
~~-- -- --·: -···· . - ---··'· 
i 
~~- .. ··--: ---- • J ••••• ~ 

I! i 
·:··--- ----~ ••• 1 

.!. 

SUBJECT SHEET NO.--~----
JOB NO.f.5' '"'1/ 

f21;.J 1-/4-J- • 

-- ..f 
i· 

' 

• 
:- ..... --~-: 

I 
• . 

..... ~~, 

' -- ~ 

• 



LOCATION MAP: 

ni1 JACOBS ENGINEERING GROUP INC. 
~ ADVANCID IYITIMI DIVISION, ALIU8UIMUI OPIIATIONI 

BOREHOLE LOG (SOIL) 

. \ 
~( r.st ~L \ 

I 
~ 

- ( 
I 

I 
_; 

I 

SITE ID: thw 'O I LOCATION ID: &.:f I 
SITE COORDINATES (ft.): 

N E--------GROUND ELEVATION (ft. MSL): _____ _ 
DRILLING METHOD: 4 Otu LJ 

DRILLING CONTR.: (/efM.I!t{ IA.I{i-v 4a 
DATE STARTED: f/22/J'!s- I 
DATE COMPLETED: ~~ t1. ,/L 
FIELD REP.: tf:_c{rv~:lZ_ 

GROUN[)_WATER LEVI ~LS 

,r - - - ____-' J~ 
(£) 

~TE TIME: ~P_TH (ft,) 

LOCATION DESCRIPTION 
SITE CONDITION · Lk-/t•~~--./-.-IAIJ-_---:d_,.....·-'~--,-A"lr~~,....."'il--.-.,.,~-_./~----~--.-c--------

.. .. 
IIIC ..,a: .. ,. ..... 

DEPTH 
~a: ~> 
:11111 :110 
c~ cu •! .... 

"· a: 
v-

Q 

"'"' Ill .. z Q. ~-ac ,.. 
c~ 

·= ~ 
ID 

BLOWS 
PER I ln. 

Ill 
~ 

z ..J uses c 
> 

/ 

VISUAL CLASSIFICATION 

• CO-MMENTS: _________________ _ 
SAMPLE TYPE 

A - A11ger c11ttings 
S - 2• O.D. 1.38" I.D. chive Utnple 
U - :s• O.D. 2.•2• i.D. t11be aample 
T - :t• O.D. tllirt-walleel Sllalby tube 

JEG-AL-ENG-2S (4/85) 



(JE JACOBS ENGINEERING GROUP INC. 
ADVANCID IYITIMS DIVISION, ALIU8UIHUI O'IIATIONS 

l~o/1' 7/ij) 

BOREHOLE LOG (SOIL) Page~of .2 

LOCATION MAP: ~ SITE ID: ~ -a(. LOCATION ID: ~-'l 
w SITE COORDINATES (ft.): 

N E 
GROUND ELEVATION (ft. MSL): 
DRILLING METHOD: If! t"' v 

1· I DRILLING CONTR.: 4'er:trA?.<r,e.. ·t~te:t ~ 
DATE STARTED: r,(J?9~ 

foe -
DATE COMPLETED: ~-
FIELD REP.: /s. /;!:. 

GROUNDWATER LEVI:LS 
DATE TIME PEeTH (ft.) 

LOCATION DESCRIPTION 
SITE CONDITION 

... ~ D w IIIC ..,a: 
"'"' w BLOWS ... ,. ...... -'Z ::t 

DEPTH 
a. a; ... ..- A. 

10 Z-' uses VISUAL CLASSIFICATION :1111 :tO :IC ,.. PER 8 ln. c .. cu c .. c •! .... -~ ... > ~,., ,./ II: 

I' !I I'(~/ forl,. ~0 I'{,./ ~~ -/l~ 
~~ ~ 6,J. 

L~tn /1. ,, 
.k-A. ~ t,,. ~ a 

-~ ~ I ) ., (, -
Jl <~ ~ kp ~17- ~~ r.#t" -llJ 

•r ,_ ) •/ 

#.~ A'J~ A., 

~, ,) &wt ::J 
eoMMENTS: 

SAMPLE TYPE ~:::~ A - Auger c:utlings 
S - ,. O.D. 1.38" I.D. drive 
U - 3" O.D. ~-·~· I.D. tube umple 
T - 3" O.D. tllin-walled Sllelby tubt 

JEG-AL-ENG-2S (4/85) 



(JE JACOBS ENGINEERING GROUP INC. 
ADVANCED SYSTEMS DIVISION, ALIUeUIHUI O'IRATIONI 

Pc.fF'7;q)_ 

BOREHOLE LOG (SOIL) Page .l. of 1.. 

LOCATION MAP: A SITE ID: tw-CJt LOCATION ID: 60 .. w SITE COORDINATES (ft.): 
N E 
GROUND ELEVATION (lt}!SL): 
DRILLING METHOD: ~ 

~· DRILLING CONTR.: 4~ ==~' ·&_~ 

~ I 
- DATE STARTED: a 

~~ DATE COMPLETED: --= -
FIELD REP.: ~ 

GROUNO~TER LEVI :Ls 
DATE _TI~ DEfJH Jft.l_ 

LOCATION DESCRIPTION 
SITE CONDITION 

.. ~ 0 1&1 IOIC ..,c ...... ILl BLOWS -'> ..... ..z ~ 
DEPTH 

a.c a.> .. - A. 
tD Z..J uses VISUAL CLASSIFICATION :lw :ao :a« )o PEA I ln. c .. cu c .. c 

./ 
•! ..... •l 1- > It 

""' . ...., 
f/ <.. 1 ~- .t:-1~ ~ ,F,~ ,.A~ ., 

~ ~'-; /1:-/- ~r;,/ . 

n,., ... ,..,,v tSI:- -G .t1 ~ ~.~ Mw -&N. "7 / J 

__._ 

...,&I 

VV·V 

r~r~ lf;/.7 t:A2 t!f;,(} " 

• COMMENTS: SAMPLE TYPE 
A - Auger cytlingi 
S - :1' 0.0. 1.38' 1.0. Clri•~ umpl~ 
U - 3' 0.0. 2.•2' 1.0. tub~ umple 
T - 3' 0.0. tll~wllled Sllelby t1.1be 

JEG-AL-ENG-2S (4/85) 



---

~ .pl-_ll_~ J:M.r.~ 9WI" WtC\AW N;. r tl. 5. .... ltiJW IMI-W~.,_.,_ ~ 

pOREHOLI/WELL CONITRUCTION LOG '~~ (8{ 
liTE ID: tk< et LOCATION ID: (s= I fiELD REP: lfi~c-k.r t-ICtJ-
.APPROX. liTE COORDINATll CFT.): .. I 
GROUND ELEVATION CFT. MIL): COMPLITION DATI: ~a/~~ • IOREHOLI IUMMAJIIY CONITRUCTIOH TIME LOG 

DRILLER: hM!< I'#'? 4· IT ART 
IND ACTIVITY 

RIG TYPE: {14.c,~ -6-~ DATE TIME TIME 

I ~~Lf II l'tt, • t:t ~RILLING ~'/".S .... ~.~ ~ liT TYPE ~;· ~' H ln. ft. 

M. .,.L:J,.,.,. ?~ "3~.() L. 

. 
~AI lNG f/;7 /P.i'J /,?,/6 

CASINO IUMMARY FILTER PACK ~1 V~'/f y.,~ 

~liNG DESCRIPTION DIA. D~N •. J~ YPE• (ln.) Ftt H 
;EAL 1/Jf 

fke / ~,.6-<. -~-~ 
.,1. oc J,:Jo 

I! /-1 .t:J 

~ ~-f 8~ 1":/c. -~ Jo.~ ;:ACKFILL 1/J1 t','t'l'tJ r }Jo. o .7~7~ • .J -
If "\. '1 8./.0 DEVELOPMENT 

• 
lfttHER · 

jt P-flt .. K'tlw .... "" ...... o-o.en ....... 
itDifft tr• ,., ., ca • .,.. 

WELL CONI TRUCTION WELL DEVELOPMENT 

. TYPE p ~ 
,_. 

!CODE• DEIC"IPTION •" 
d l'h.· __, /.!.- 1~,0 

~ A2.h" A-~~-6 I?~ r.> 

r- _£,_/,~- ~- ~_,r; 

COMMENT I: 
. • • ....... ...... . ... ., .... 

• ...," ., ......... ..,.. .. 
• •·a&.·a••- t ,., •• , 



.. 
.. 

nf JACOBS ENGINEERING. GROUP NC. · 
l!l.[ &DVANCID IYITIMI DIVISION ALIUeUIMUI OHIATIOMI • 

CALCULATION COVER SHEET 

MON- 08 -~2- I'-(- 02-00 
DISCn~UNE H 'ID Qo LOG.Y NO. OF IHEETS IS"~ CALC"NQ. 

PROJECT: 
UMifZA 

liTE: 
MONUMEf\JT VALLS.. Y 

FEATURE: 
SLlJ(.., lfST A t·J /I.L ~; s \ s To Df Tf +2 ~-1, tJF 
\- 1.. 'I 0 {:. 1-v.) '-- 1 c.. c 0 r-~ :::.Jc~ i J (\'/ 

SOURCES OF DATA: 
Dl-\ I r.. (OLLfCiE() p'/ -rAG-
~IE~ u s-rArF 

-

SO.UACES OF FORMULAE & REFERENCES: 
·~ 

5E£ TExT 

·-

PRELIMINARY CALC. D fiNAL CALC.o IUI'EIISEDE~ALC. NO. 

r?.-t,._ ~<2.~ "1/1.2. /?~£p.'~ r .. 1~ 
"_) 

·~ 
aav. aiYIIION CALCULATION DATI 

CMICKID 
DATI APPROVED DATE •o. IY IY IY 

•••• 



MONUMENT VALLEY CALCULATION MON-06-92-14-02-00 

SLUG TEST ANALYSES FOR MONITOR WELLS: MONUMENT VALLEY SITE 

PURPOSE: 

The purpose of this calculation is to estimate the hydraulic 
conductivity of the hydrostratigraphic units at the Monument Valley 
site. The results of these calculations will be used in 

·groundwater velocity calculations for the Monument Valley site. 

METHOD AND PROCEDURES: 

Slug test data were collected from monitor wells 601, 602, 604, 
605, 610, 612, 653, 655 - 664, 668, and 669 in 1985. The locations 
of monitor wells are shown in Figures 1 - 3. Slug test data were 
evaluated using the following methods: 

Unconfined System 

Bouwer-Rice and Hvorslev 

Confined System 

Cooper-Bredehoeft-Papadopulos, and Ferris-Knowles 

• 

For further information refer to Technical Memo No. 1 (May 15, • 
1985; Attachment 1) and Technical Memo No. 5 (June 10, 1985; 
Attachment 2) on slug test analysis • 

.. ASSUMPTIONS: 
'f? 

Refer to Technical Memo No. 1 and No. 5 for specifics to each slug 
test method. 

DATA SOURCES: 

All slug test data was collected by UMTRA Technical Assistance 
Contractor (TAC) staff in April, August, and October 1985. Slug 
test field data forms, graphical plots, and computed solutions are 
included in Attachment 3. 

CALCULATIONS AND ANALYSES: 

BOUWER-RICE METHOD 

A detailed description of the Bouwer-Rice method of slug test 
analysis is presented in Bouwer and Rice, 1976. The equation used 
to calculate the hydraulic conductivity is: 

• 



• 

• 

• 

K= 

R 
r~ ln (--!) 

r., 1 (Yo) 
-~2~L~(-t-=-) -=--- n y t 

where Yo is y-intercept at time zero, Yt is y-intercept at time t, 
and all other parameters are indicated in Tech Memo No. 5 or 
Bouwer, 1976. 

The dimensionless ratio ln(Re/rw) is fitted using two equations, one 
for the case where Lw<H, and one for the case where tw=H. These 
equations are, respectively, 

1 
R

6 
_ [ 1. 1 A+Bln ( (H-L.,) I r .,) ] _1 n-- + -----.,.-....--...;:-..:......~ 

r., ln(L.,Ir.,) (L6 Ir.,) 

ln Re = [ 1 . 1 + C ] _1 

R., ln (L.,I r .,) (L 6 I r .,> 

. where A, B, and C are dimensionless numbers, plotted as a function 
of Lc/rw (see Tech Memo No. 5). 

The parameter [ln(y0 /Yt))/t is determined by plotting the residual 
drawdown versus time on semilog paper, fitting a straight line to 
the curve, then estimating Yo (y at time zero), and then selecting 
a point on the line and determining Yt at time t. 

Occasionally, the water table is located below the top of the 
gravel pack. In this case, the thickness and porosity of the 
gravel pack should be taken into account when calculating the 
equivalent value of rc, the casing radius. The equation used to 
calculate the equivalent value of rc for this situation is: 

rc = [ ( 1-n) rc2 + nrw2
] ·

5 

Note also that slug injection tests should be considered invalid 
for this particular case, as these tests will overestimate the 
hydraulic conductivity due to the influence of the gravel pack. 

HVORSLEV METHOD 

A detailed description of the Hvorslev method of slug test analysis 
is presented in Hvorslev, 1951. The equation used to calculate the 
hydraulic conductivity is: 

r 



K= r 2 ln (L/ R) 
2LT0 

't. .s. i/f1\ 
1?.;;0 f/q,J. 

where T0 is the time it takes for the water level to rise or fall 
to 37 percent of the initial change. All other parameters are 
indicated in Tech Memo No. 5. 

Cooper-Bredehoeft-Papadopulos Method 

A detailed description of the Cooper-Bredehoeft-Papadopulos method 
'of slug test analysis is presented in Lohman, 1972. The equation 
used to calculate the hydraulic conductivity is: 

:''. where t is obtained from matching the data points of residual 
· drawdown/ initial residual drawdown versus log of time to a type 
' curve found in Lohman, 1972. 

Ferris-Knowles Method 

· A detailed description of the Ferris-Knowles method of slug test 
·analysis is presented in the USGS Water-supply paper 1536-I, 1963. 

The equation used to calculate the hydraulic conductivity is: 

K= q(1/ t) 
4llSL 

The values of 1/t and s are obtained from a straight line fit 
through the data points. The method is valid for large values of 
t and the straight line fit passing through the origin. 

• 

• 

• 



• 

• 

• 

RESULTS: 

Table 1 shows the input data for the slug test calculations for 
each monitor well tested and for each applicable analysis 
technique. Table 2 shows the hydraulic conductivities for each 
slug test method for the respective monitor wells tested. 

'"" I 

CONCLUSIONS: 
~~-~ ~ 

r¥* (~-
Based on analyses of slug test conducted in monitor ~ells at the 

·Monument Valley site, the a·i'era~Je hydraulic conduct~vity in the 
alluvium hydrostratigraphic unit is approximately 1. ~-E-5 ft/sec 

i.3 (4-T-5- ft/day). The a:v..era1Je hydraulic conductivity in the Shinarump 
member is approximately ~-5 ft/sec (~ ft/day). The avera~
hydraulic conductivity in~he DeChelley/ member is approximately 
~E-6 ft/sec {G~ ft/day) .''·- r:r 1 • .:;-

2 • I o. f f' 
Slug tests yield only a rough approximation of the hydraulic 
conductivity of an aquifer, and these values should be considered 

."to be an order-of-magnitude estimate of the hydraulic conductivity. 
Furthermore, the area of influence of a slug test extends only a 
short distance from the borehole. Therefore, results from slug 
tests should not be inferred to be valid at a significant distance 
away from the area of influence . 

~·Because pumping tests are usually more accurate than slug tests for 
estimating hydraulic conductivity , any critical engineering design 
should be based primarily on the results of pumping tests, rather 

'than slug tests. 

REFERENCES: 

Computer Program in Basic - Slug/BAS, on file w/ UMTRA TAC 

Bouwer, H., 1978, Groundwater Hydrology, McGraw-Hill Company, N.Y., 
N.Y., pp. 114-118. 

Bouwer, H. and R. c. Rice, 1976, A Slug Test for Determining 
Hydraulic Conductivity of Unconfined Aquifers with Completely or 
Partially Penetrating Wells, Water Resources Research, 12:423-428. 

Hvorslev, M. J., 1951, Time Lag and Soil Permability in Ground 
Water Observations, Bullentin 36, 50pp., u.s. Army Corps of 
Engineers Waterways Experimentation Station, Vicksburg, Miss • 

. Lohman, s.w., 1972, Groundwater Hydraulics, USGS Professional Paper 
708, pp. 27-30 • 
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ATTACHMENTS 

Attachment 1 -Technical Memo No. 1: Borehole Hydraulic Testing for 
Aquifer Characterization. 

Attachment 2 - Slug Test Calculations 

Attachment 3 - Monitor Well Information, Slug Test Field Data 
Forms, Data Plots, and Computed Solutions. 
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TABLE 2 
SUMMARY OF HYDRAULIC CONDUCTIVITIES CALCULATED 
FROM SLUG TESTS AND ONE AQUIFER TEST (Monitor well 651) 

HYDRAULIC CONDUCTIVITY (K) - FEET/SEC 
Arithmetic 

Formation Well J.D. Bouwer-Rice Hvorslev Ferris-Knowles CBP MeanK 

AL 602 4.3E-06 3.3E-06 N/A N/A 3.8E-06 

AL 604 1.7E-05 N/A N/A N/A 1.7E-05 

AL 605 3.6E-05 4.6E-05 N/A N/A 4.1E-05 

AL 651 N/A N/A N/A N/A 2.2E-'-04 

AL 653 3.3E-05 4.5E-05 N/A N/A 3.9E-05 

AL 655 3.9E-05 4.6E-06 N/A N/A 4.3E-06 

AL 656 2.8E-05 3.2E-05 N/A N/A 3.0E-05 

AL 662 2.0E-05 2.9E-05 N/A N/A 2.5E-05 

AL 669 5.4E-06 9.5E-06 N/A NLA 7.5E-06 

DC 610 2.2E-06 2.7E-06 9.5E-07 3.1E-06 2.2E-06 

DC 612 N/A N/A 1.8E-06 2.9E-06 2.4E-06 

DC 651 N/A N/A l.lE-06 4.1E-06 2.6E-06 

DC 661 N/A N/A N/A 2.1E-06 2.1E-06 

DC 663 N/A N/A 2.1E-07 3.2E-07 2.7E-07 

DC 664 N/A N/A 3.2E-05 6.0E-06 1.9E-05 

DC 668 N/A N/A 4.4E-07 1.7E-06 l.lE-06 

SR 601 5.5E-06 N/A N/A N/A 5.5E-06 

SR 658 1.4E-05 N/A 4.9E-06 2.3E-05 1.4E-05 

SR 659 1.2E-05 N/A 4.5E-06 2.1E-05 1.3E-05 

SR 660 9.4E-05 N/A 7.2E-05 N/A 8.3E-05 

• 
Geometric 

MeanK 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

2.0E-06 

N/A 
N/A 
N/A 
N/A 

1.4E-05 

8.6E-07 

N/A 
1.2E-05 

l.OE-05 

N/A 

AL- ALLUVIUM ALLUVIUM K RANGE: 3.3E-06 to l.lE-04 ft/s = 0.28 to 19ft/day 

DC - DECHEu.EY MEMBER OF 1HE CUTI.ER FORMATION DECHELLY K RANGE: 2.1E-0.5 to 3.2E-OS ft/s = 0.018 to 2.8 ft/day 

SR - SHINARUMP MEMBER OF 1HE CHINLE FORMATION SHINARUMP K RANGE: 4.SE-06 to 9.4E-OS ft/s = 0.39 to 8.1 ft/day 

CPB- COOPER-BREDEHOEfT-PAPADOPULOS METIIOD 

NOTE: Single Aquifer Test Conducted in Alluvial MW 651 
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ADVANCED SYSTEMS DIVISION, ALBUQUERQUE 0 

To: Hydrological Services Group 

Frqm: John Thacksto~ 
Da{e: May 15. 1985 

Subject: Bore Hole Hydraulic Testing for Aquifer Characterization 
Technical Memorandum No. 1 

The purpose of the attached technical memo is to provide guidelines for 
conducting hydraulic tests in boreholes or wells in order to characterize the 
hydraulic .properties of aquifers for the UMTRA Project. 

Guidelines provided herein are intended to be supplementary to the standard 
operating procedures (SOP) for these activities currently in effect for the 
UM1RA Project. In the event there is overlap or conflicts in direction 
regarding procedures or methodology between this technical memo and the project 
SOP documents, please advise me. In all such cases, assume ~hat the SOP 
!directives take precedence. · 
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INTRODUCTION 

TECHNICAL MEMORANDUM NO. 1 
BORE HOLE HYDRAULIC TESTING FOR 

AQUIFER CHARACTERIZATION 

... 

: ,...... 
I'] 

This technical memorandum provides guidelines and procedures for 
determining the hydraulic parameters of aquifers using slug tests and 
pumping tests. The hydraulic conductivity (K) of an aquifer is a 
measure of the aquifer's ability to conduct water. The greater the 
value of hydraul1 c conductivity, the more readily the aquifer conducts 
water. Figure 1 illustrates the typical .range of hydraulic 
conductivity values associated with a variety of earth materials. The 
transmissivity (T) of an aquifer is defined as the ability of the 
aquifer to transmit water through its entire thickness and is equal to 
the hydraulic conductivity (K) times the saturated thickness of the 
aquifer (b); this can be stated IS T • Kb, for cases in which K is 
constant with depth. Otherwise, transmissivity is equal to the 
integration of hydraulic conductivity over depth, T • K(Z)dz. 

• 

Specific yield of an aquifer is the ratio of the volume of water 
drained by gravity from a unit volume of aquifer material. The storage 
coefficient of an aquifer is the volume of water in storage released 
from a column of aquifer with unit cross section under a unit decline. 
of head. 

1.1 SLUG TEST 

1.1.1 PURPOSE 

. · 

The purpose of this section is to outline procedures for the conduction 
and evaluation of slug tests which are a quick and inexpensive method 
of estimating the hydraulic conductivity or transmissivity of many 
aquifer systems. 

A slug test ~ill generally work in aquifers where K is less than or 
equal to 10· em/sec. In aquifers of greater hydraulic conductivity 
the water level may return to static level before a sufficient nu!lber 
of rater level readings can be made. In aquifers of low K (10- to 
10· em/sec), slug tests are generally 1 reliable field method of 
determining hydraulic conductivity or transmissivity near the screened 
zone of the well • 

The advantages of using slug tests to estimate hydraulic conductivities 
are: 

1. Estimates can be made in situ and errors incurred in laboratory 
testing of disturbed samples are avoided. 
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Tests can be performed quickly at relatively low cost because a 
pumping well and observation wells are not required • 

The hydraulic conductivity of sma11 discrete portions of an 
aquifer.can be made, for example, such as sand layers in a clay. 

•. 
There are disadvantages in using slug tests which must be evaluated 
before the test is conducted. These include: · 

1. Only the hydraulic conductivity of the area immediately 
surrounding the well is estimated. These results may not be 
representative of the average hydraulic conductivity of the area. 

2. Often only a range of hydraulic conductivity values rather than an 
average value can be deduced from test result~. 

3. Certain assufTl'tions are made in the analysis process. If the 
assumptions made are inappropriate for the geologic conditions at 
the site. the results may be erroneous. 

4. The storage coefficient. S, usually cannot be determined. 

5. Data sufficient for analysis may not be collected if the hydraulic 
conductivity is relatively high. 

This technical memorandum explains procedures and equipment .commonly 
used in conducting most slug tests and a list of analysis techniques 
used under different geologic conditions and for different bore hole or 
well s'ystems. Also included are example calculations of typical slug 
tests (Appendices 1-1 and 1-2) • 

DESIGN, DRILLING AND CONSTRUCTION OF SLUG TEST WELL 

Several factors enter into the design of a well for the performance of 
slug tesHng. These include depth and diameter of the test well, 
length of screened interval and size of screen openings. Some of these 
factors can be chosen as drilling proceeds or be predetermined from 
previous borings. Well design is generally determined from a 
combination of drill cuttings, corings, and geophysical logging. 

The depth and screened interval of the hole are determined by the 
location of the zone of interest. The diameter of the hole and casing 
to be inserted in the hole should be large enough in order that the 
volume of the slug does not overflow the top of casing. This may be a 
problem when the water level in the bore hole is relatively close to 
the ground surface. The screened interval should consist of screen 
with a percentage of open intervals large enough so as not to 
excessively restrict water flowing from the bore hole to the subsurface 
materials tested. Wells with screened intervals which require a gravel 
pack should be packed with material of a grain size distribution that 
would result in approximately an order of magnitude of higher hydraulic 
conductivity than the subsurface materials being tested • 

Page 2 
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A variety of drilling techniques can be used in completing the test 
well. These may include mud-rotary, air-rotary, coring and auger 
techniques. The type of drilling method used depends on the behavior • 
of the material being drilled and the specific fobjedctibves of the . 
project. Drilling without drilling fluids is pre erre ecause this 
prevents further contamination of the subsurfa~e. Mud-rotary 
techniques are sometimes required in order to lubricate the bit and 
hold up the bore hole walls when relat fvely • thick, coarse, 
unconsolidated materials are encountered. Augeri rig is normally 
performed without the use of drilling fluids and used in the drilling 
of relatively shallow holes with relatively cohesive materials. 

The construction of the test well is relatively simple and involves the 
assembly of the appropriate diameter casing (usually PVC because of 
lower cost) for insertion into the bore hole. A pre-slotted screened 
section is prepared and attached to the casing string, normally with a 
cap on the bottom (to prevent material from entering the bottom of the 
screen), and the whole assembly is lowered into the hole. If a gravel 
pack is necessary as a filter due to the aquifer containing very fine 
unconsolidated sand, then it should be placed opposite the screened 
interval using a tremie pipe. The annulus is then grouted from the top 
of the gravel pack up to the ground surface in order to allow hydraulic 
connect ion only between the test well and the zone to be tested. The 
hole should be flushed or bailed before grouting if drilling fluid 
remains in the hole. If the ground water in the hole is highly 
contaminated, special safety precautions should be taken to control the 
discharge water before test well development. 

EQUIPMENT 

Equipment necessary to conduct a slug test include: 

o Well or bore hole 
o Water level measuring device 
o Known solid volume of particular shape (slug) that will easily fit 

into the well or bore hole or container to add or remove a known 
volume of water 

o Watch with second hand 
o Semi-log graph paper 
o Indelible pen or pencil and paper 

A number of water level measuring devices can be used for measuring the 
depth to water in a well. An excellent device for measuring the depth 
to water during a slug test is the pressure transducer. An example 
strip chart data record h shown in Appendix 1-2. Accurate readings 
may also be obtained with electric water level indicators or weighted 

• 

~ tapes with ploppers. Water level measurement by the wetted-tape method 
should be avoided as it may be difficult to obtain a sufficient number 
of readings for analysis of the test if the water level recovers 
quickly in a short amount of time. 

• 
Page 3 
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PROCEDURE 
Before beginning the slug test, the following information should be 
recorded: 

o Site ID and well or bore hole location •. 
o Location and elevation of reference point from '!hich water depth 

measurements are made 

o Elevation of ground water with respect to the reference point 

o Date and time of test 

o We11 depth, screen length, riser pipe radius •. well screen radius, 
and radius of the grave 1 pack p 1 us the we 11 screen or bore ho 1 e 
depth and radius 

o Aquifer or ground water zone being tested 

o Volume of water added or withdrawn or volume of solid cylinder 
( s 1 ug) 

o Type of measuring device used 

o Names of personnel conducting test 

The following procedures will apply to most slug tests. The field 
procedures required for a particular slug test may be slightly 
different, however, and the procedures should be modified to that test 
~:. necessary. 
o Determine the static water level in the well by measuring the depth 

to water periodically for several minutes and taking the average of 
the readings. 

o "Instantaneously" introduce or remove a knoiii'Tl volume of water to 
the well. Another method is to introduce a solid cylinder of known 
volume to displace and raise the water level, allow the water level 
to restabil ize and remove the cylinder. It is important to remove 
or add the volumes as quickly as possible because the analysis 
assumes an •instantaneous" change in volume is created in the well. 

o With the moment of volume addition or removal assigned time zero, 
measure and record the depth to water and the time at each reading. 
Depths should be measured to the nearest 0.01 foot. The number of 
depth-time measurements necessary to complete the test are 
variable. It is critical to make as many measurements as possible 
in the early part of the test. 

o Continue measuring and recording depth-time measurements unt i 1 the 
water level returns to equilibrium conditions or 1 sufficient 
number of readings have been made to clearly show a trend on a 
semi-log plot of time versus depth. 

Page 4 
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The time required for a slug test to be completed is a function of t'he 
volume of the •slug", the hydraulic conductivity of the formation and 
the type· of well completion. The slug volume should be large enough • 
that a sufficient number of water level measurements can be made before 
the water level returns to equilibrium conditions. The length of the 
test may range from less than a minute to several hours. 

-
If the well is to be used as a monitoring well, precautions should be 
taken that the wells are not contaminated by material introduced into 
the well. If water 1s added to the monitoring well, it should be from 
an uncontaminated source and transported in a clean container. Bailers 
or measuring devices should be cleaned prior to the test. If tests are 
performed on .more than one monitoring well, care must be taken to avoid 
cross contamination of the wells. 

DATA ANALYSIS 

he analysis of slug test data is based on the modification of well
known ground water flow equations (either the Th~m equation, the Theis 

t equation, or subsequent modification). Several authors have presented 
analytical solutions for the analysis of slug test data. Most 
solutions require a semi-logarithmic plot of the data collected: 
imensionless head (logarithmic scale) or residual head (logarithmic 

scale) versus time (arithmetic scale). 

Hvorslev (1951) was one of the first researchers to publish techniques 
of analysis of either constant or slug (falling head) tests in 
near-surface saturated soils. His analysis for slug tests involves a • 
semi-logarithmic plot of the falling head (or water level) divided by 
the initial head against time. Basic algebraic equations are presented 
for different configurations of the soil relative to the test hole. In 
general, the permeability is proportional to a •shape factor" and 
inversely proportional to a a "time lag". The "shape factor" is 

,. determined from the test well characteristics or dimensions. "Time 
lag" is determined from the semi-logarithmic plot. 

--

Cooper et al (1967) and Papadopulos et al (1973) developed a set of 
type curves for analyzing slug test data, particularly for tests run in 
materials which are confined (under artesian pressure). The field data 
are plotted as dimensionless head (arithmetic scale) versus time 
(logar.ithmic scale) and matched to a set of type curves. The match 
point values are substituted into simple algebraic formulated to obtain 
a value for K (Appendix 1-1). 

Bower and Rice (1976) and Bower (1978) developed a technique for 
analyzing slug test data collected from completely or partially 
penetrating wells in unconfined aquifers. Their analysis involves a 
plot of residual head (logarithmic scale) versus time (arithmetic 
scale). A straight line is applied to the early-time data and used to 
calculate a value for K. An example of the use of this technique is 
presented in Appendix 1-2. A plot of the data and calculations are 
included. 
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Pressurized slug test ~thods have been developed for testing extremely 
low conductivity (10- em/sec or lower) materials (Bredehoeft and 
Papadopulos, 1980). Basically, the pressurized slug technique is a 
modification of the conventional slug test discussed previously. The 
advantage of the pressurized slug technique is the reduct ion of time 
required to perform a test in tight formations. This method involves 
creating an instantaneous pressure surcharge on drawdnwn in the test 
zone, then closing a valve to shut in the well. Based on the rate of 
decay of the pressure slug and the geometry of the test zone, the 
transmissivity, hydraulic conductivity, and storativity may be 
calculated. 

purpose of this section is to briefly describe the use of aquifer 
· tests to evaluate aquifer characteristics. Aquifer pumping 

tests, ommonly referred to as pump tests, are used to determine 
hydraulic characteristics and properties of water-bearing zones. 
Pumping tes provide results that are often more representative of the 
aquifer's cha cteristics than do slug·tests. 

Aquifer characte 'sties Which may be obtained from ·pumping tests 
include hydraulic onductivity (K), transmissivity (T), and specific 
yield . (Sv> for unc fined aquifers and storage coefficient (S) for 
confined ~quifers • 

Equipment, personnel an time commitments needed to conduct pumping 
tests are greater than ose required for slug tests. Briefly, a 
pumping test consists of pu ing one well and recording the drawdown in 
the pumping well and in other arby observation wells. 

There are advantages and disadva ages of pumping tests. Some of these 
are listed below. 

Advantages of pumping test: 

0 

0 

A greater portion of the aqu1fe 
obtained may be more reliable and 
characteristics. 

Coefficient of storage and 
determined. 

Disadvantages of pumping test: 

is tested and the results 
resent at ive of the aquifer 

va 1 ues can be 

o In low permeability aquifers long-term pumping y be required to 
complete the test and obtain reliable aquifer char cteristics. 

o Disposal of discharged water may require special 
ground water is contaminated • 
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This program solves 4 very simple slug test methods and one rather involved 
method. For four methods, a value or values obtained from a graphical repre-
sentatiDn of the test data is required input. The program is user-friendly 
and interactive. All input and the calculated value of hydraulic conduc-

;{tivity are printed. 
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B. Mathematical Models and Numerical Methods 

SLUG/BAS is a user-friendly BASIC program to analysis slug test data. This 
program can be used directly on the TRS microprocessors linked with a 
printer. Five slug test methods can be solved. 

/o Sk ibitske 

Reference: Methods of Determining Permeability, Transmissibility and 
Drawdown 1963, USGS Water-Supply paper 1536-I, pp-293-298 • 

.jJ Bouwer-Rice 
Reference: Groundwater Hydrology, 1978, Herman Bouwer, p-114-118. 

o Hvorslev 
Reference: Time lag and Soi 1 Permeability in Ground-Water 
Observations, ~l~9S~l~,~~M~.--~J~o~u~l--~H~v~o~rs~l~e~v~,~~B~u~1Tl~et~i~n--~r~~o~-~3=6-,~~W~a~te~r~w~·a~ys 
Experiment Station, Corps of Engineers, U.S. Army, Vicksburg, 
M i s s i s s i pp i. 

o Ferris-Knowles 
· Reference: Methods of Determining Permeability, Transmissibility and 

Drawdown, 1963, USGS Water-Supply paper 1536-I, pp-299-304 • 

~ o Cooper-Bredehoeft-Papadopulos 
Reference: Ground-water Hydraulics, 1972, 
Professional Paper 708, p-27-30 and Plate 2. 

S.W. Lohman, USGS 

For all the methods except Bouwer-Rice, very simple equations are solved. 
The Bouwer-Rice method is much more complicated and enpirical than the 
other methods and the sol uti on by hand is rather time consuming. The 
primary benefit to using this program is that all input data are printed in 
a uniform format and documentation and certification, i.e., calculation 
checking, is very easy and quick. For all methods consistent units must be 
used. 

The following Section satisfies all applicable requirements of parts, 2, 3, 
4, and 5 of Section Band also serves as a User's Manual. 

To run: 

1. Insert diskette into TRS microprocessor. 
Be sure printer is attached and on-line. 

2. After initializing microprocessor, Le., entering date and time, enter 
BASIC by typing BASIC return. 

3. Wait until micro response, then load program by typing LOAD •SLUG/BAS" 
return. 

• For all five methods, first input: 

4. After program is loaded, then run program by typing RUN return. 
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1. Well Identification - it is recommended that a nine space identifier be 
used. 

Example: 

LKV02-508 
a b c 

a Is three letter site designation 

b Is t~o number designation for processing site or a specific alternate 
disposal or borrow site. 

c Is three number well designation. 

2. The day the field test was initiated. 

3. Length of contributing, i.e., screened, packed, etc., interval (L). 

4. Which one of the five methods will be applied. 

A description of the use of the five methods follow: 

o Skibitzke Method 

- Used for well completed in confined units with low permeability; 
residual dra~down should be at last measurement before complete 
recovery. 

Input data are: 

~ 1. Volume discharged or added (q). 

2. Time from test initiation until residual drawdown measurement (t). 

3. Residual drawdown measurement at time, t (s). 

- The equation solved is: 

o Bou~er-Rice Method 

- Used for wells completed in unconfined units. 

• 

• 

• 
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Input data are: 

1. Well radius (r ) 
2. Borehole radiu~ (r ) 
3. Residual drawdown Wt the initiation of test (Y ) 
4. Time to residual drawdown measurement (t) 0 

5. From straight line fit of log (residual drawdown) vs. 
time, residual drawdown at time, t (Y ). 

/21;/"' 
-~~!/ 

6. Distance from the watertable to the bOttom of the 
contributing interval (L ). 

7. Distance from the watertrble to an impermeable boundary (H). 

The equation solved is: 

K=rc2 ln (Re/rw) 

2L (t) 

Re is effective radius. 

-
y

0
, where 

ln 

The term, ln (R /r ) is determined with one of two empirical 
relationships. e w 

Re 1 
For partially penetrating wells, ln = 

rw + A+ B ln[(H-L )/r J w w I. I 

ln (Lw/r w> 

for fully penetrating wells, = 1 

1.1 + c 
-------

ln (Lw/r w> 

A, Band C are empirical coefficients derived from curves based on the value 
of L /r (figures 1, 2 and 3) e w • 
Each of the three curves was matched numerically with two parabolas fit to the 
curve. The points used for the parabolic numerical fits and the resulting 
parabolas follow: 
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Curve A 

Le/rw X • Ln(Le/rw) A 

4 1.386 1.8 
32 3.466 2.5 Parabola 1 

120 4.787 5.15 

120 4.787 5.15 
450 6.109 8.0 Parabo1 a 2 

1600 7.378 9.6 

Parabo1 a 1: A=0.49lx2-2.045x+3.691 

Parabola 2: A=0.345Sx2+5.9206x-15.2747 

Curve B 

Le/rw X = Ln(L /r ) B e w 

4 1.386 0. 25 
27 3. 296 0.43 Parabola 1 

• 190 5.247 1.1 

190 5.247 1.1 
525 6.263 2.3 Parabola 2 

1650 7.409 3.3 

Parabo1 a 1: B= 0.0659x2 - 0.217x+0.4241 

Parabo1 a 2: B= O.l2x2+2.5128x-8.7825 

Curve C 

Le/rw X= Ln(Le/rw) c 

3.8 1.335 0.8 
32 3.466 2.0 Parabola 1 

150 5.011 6.0 

150 5.011 6.0 Parabola 2 
370 5. 914 9.7 

1650 7.409 13.0 

Parabola 1: c = 0.5511x2 - 2.0829x+2.5992 

• Parabola 2: C • -0.7882x2+12.7088x-37.8922 

Figures 1, 2 and 3 show a comparison of the published curves and the curves 
developed with the numerical approximations. 
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The greatest relative error due to matching of the curves occurs when the 
published value of Czl.05 and the numerical value= 0.72. For test cases with 
L ranging from 10 to 200, L ranging from 2 to 10 and R ranging from 
0~083 to 0.25, the maximum r&lative error was approximat~ly 16 percent with 
Lw=200, Le=2 and Rw = 0.25. For most cases. the relative should be much 
less than 5 percent. 

o Hvorslev Method 

- Used for unconfined units. This method is valid only if a reasonably fit 
straight line through the data curve of log (residual drawdown/initial 
residual drawdown) vs. time passes through the point (1,0). 

- Input data are: 

1. Well radius (r) 
2. Borehole radius (R) 
3. Time lag (T

0
), TR is the 10 i~S4~hen residual drawdow ) = 10- • 

The equation solved is: 

K=r 21n ;(L/R) 

2 l T
0 

o Ferris - Knowles Method 

(residual drawdown/initial 

- Used for confined units with K<O.S em/sec 

Input data are: 

r 1. Volume discharge (q) 
2. Reciprical of time (1/t) 
3. Residual drawdown at time, t (s) 

The values of 1/t and s are taken from a straight line fit through the 
data points. To be valid, this straight line fit must pass through the 
origin •. 

The equat~on solved is: 

K= q (1/t) 

41'SL 

• 

• 

• 
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o Cooper-Bredhehoeft-Papadopulos Method 

- Used for confined unit with K<O.S em/sec. 

Input data are: 

1. Radius of wel 1 (r) 
2. Time representing point on matched type curve (t). 

t is obtained from matching the data points of residual drawdown/initial 
residual drawdown vs. log of time to a type curve found in the referenced 
report. 

- The equation solved is: 
2 

K= r c 

JP/1 1 

_..;;;.._ 

tL 

C. User's Manual 

SLI.Xi/BAS is very easy to use. All input is prompted by explicit commands. 
The information supplied in Part 8 is a User's Manual. 

0. Code Assessment and Support 

To assess and verify the computer code, examples of each method with hand 
ca 1 cul at ion checks are supplied (Attachment 1). Given the s imp1 i city of 
the calculations, these checks are sufficient verification. The present 
version of SLUG/BAS is the only presently available version. 

E. Continuing Documentation and Code Listings 

The code listing is supplied as Attachment 2. 
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AT~ACHME~ - Continued 

COOPER,BREDEHOEFT,PAPADOPULOS SLUG TEST ANALYSIS 
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SITE:RYTOl LOCATION:704 DATI:OI/11/85 
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ATTACHMENT 1 - Continued 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
1.'£;..L 1C£~Tii:'JCA~!O~- LKv:l•S:::Jl 
OAT[ OF FlE~O ~E5i• et2o11~S~ 
LE,GTH OF CO~i~iiJT1NG 1NT£R~A~o(L)• 5 
$1CiBlTSr;£ oo:~THOO 
FO~ C15:HA;~£CQI• .DS~ 
R£510JAL t•A~OOWN(a')• .02 
TlM£ TO RESI~~A~ CRA~CO~N(t)• &.SE-:3 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
TME CA~CULA~EO MYO;AWLlC CO~~JCTlVITYCKI• •. S4'3 
••••••• ._ •• ! ~!!.!.!! ~ •• ~ ....... •.! ••••••••••••••••••••••••••••••••••• 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
-E.L l~E~~lFlCATlO~- LKvCl•SOl 
CA•£ OF Fl£~0 T£5T• 812o/1•B~ 
LE'~~ ... OF CO~TR;i..Jii'-G 1t~iTEiiliAL.CL)• S 
BO~~E~·RlCE M£THC0 
~0~ UE.L ~A~!~5<1c)• .D!3 
B0~£•0.£ RA~IUSCR.l• .2S 
~EA~ AT Tc(Ycl• 2.5 
TIM£ TO M£A0 ~EAS~I£~ENTCt)• 3.67E•C3 
~EAO AT T!~E t(Ytl• .CS73 
:!5-A,:E F•~· WA~t;•Ae~E TO BCTTO~ OF CD£~ o• S:REE,E: ~~·[;VA~(Lwl• 
C!STA~:E F~o~ u~•E;~A~.£ ~o ~~=£•·£~:.£ eo~':A~T<">• :::: 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
T~E CA~C~~A·E~ HY~:AJ~IC CO~~~CTJVITT!~l• l.S~S~o 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
~E~L ;~E,~l~JCA~lO~- LKVCl·S~l 
OA~E o~ ~!E~~ TEST- !tZotl~E~ 
LE~~~~ OF ::'T~:e~~l~G lN'TE~vA~o(Ll• 
BOJ~E;-RJCE ~ET~OO 
~:~ ~E~L ·A~lUSI~cl• .C!3 
&:~£~0-E RA~lUSIR~l• .2S 
~EAO AT Tc<Ycl• 2.5 
TlME TO MEA~ ~EA5~~£~£~T(~l• 3.47£-:3 

16 . .,S 

::S~A~:~ ~;:• ~A~E;~AS~E ~0 eo~·Q• 0~ 0~£~ o; 5:~££~£: ~~-E~~A~(L~l• 16.~~ 
CISTA~:£ F~:~ WA•£;-AS~£ ~0 1•~£~·£~5-E E:~~:A;~c•l• 16.~~ 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

M[AO AT TlME t(Ytl• -~~73 

T~£ CA~C~~A·t: ~~:;A~~lC CO~~JCTJv:~TCkl• 2.2~~:: 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ··-·_.... 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
WE.L l~E~ilFl:ATlON- L(VC1•St3 
CA•t OF FlE~C T£5-- ~/S/1~54 
LE'~-- OF ::,·::a~TlN~ lt~i~E~VA~o(L)• S 
MvO~S-EV f'I£'T~OO 

~~~ WE~L RACIW5Cr)• .C!3 
B0~£~0-E R&:J~S<Rl• .2S 
A~~ TJME LAG<Tcl• 3.4~E-t3 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
T~E CALCULATEC MY~RAJ~l: CO~:~C'TlV!'TYCKl• .S~~7~~ 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

.;. wE~L l~E~~!FJCAT!ON- R~Tw1•7:4 
DA'TE 0~ FJELD TE5i•• 1/lo/l~BS 
LE~GTH OF CONTI16~TlNG lhT£~VALo(L)• 5 
FER~!S•KNOU~£5 f'I[T"CQ 
FO~• DlSC~A~~ECQl• .~S4 
RE:J~ROCAL T1M~t1/t)• 57.6 
O~AwOO~N <•>• .5 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
TME CA~CU~A~EO ~vO~A~~lC CO~~u:TJVJTT<K>• .C•~::71 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
~E~L lOENTJCJCA'TlON- RviC1•704 
DA~£ OF FlE~O TEST• 111./l.!S 
LE~~~~ OF CC'~~:a~ilNG lN~EivALo(L)• 5 
tCO~E~-ac£~E•OEF'T-PAPA~OP~L05 f'I[THOO 
FOI:uE~L IA:Ju5 CR:)• .Q83 
TJME<t)• 4.1£-:3 
····························~····································· THE CALCULA-EC ~YCRAJLlt CO~~w:Tlvl~Y(Kl• .33e~4~ 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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• ATTACHMENT 1 - Continued ?.l 

IJE JACOBS ENGINEERING 
............_.. 

(<4/J 
;4) 

DATE auaJECT Ver-~ ~ {,,..,) e f IMEE'T NO----

., CNIItD. st.~, .-,(.! + R£Ji/!r l .101 No ___ ____.. 

I
~ . 0 =. ==== 0 .;oo==--=·==-=-...::-.. .=-... o=:----===--=--0-= . 

: : ' • ! 

i ---·---0-0 - --
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.. . . lJ E. JACOBS ENGINEERING . ......____ 

ATTACHMENT 1 - Conclude 

V'r:.f.cai·o.., ~f ~~.;~ 7i )i SHEE"T NO DATI------- auiJECT 
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0 •••••••••••••. •••••••••••••••••••••••••••••••••••••••••••••••••• • 0 '••••••••••• •••SLUG/BAS•••••••••••••••••••••••••••••••••• 

0 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
0 • o • THIS PPOG~AH SOLVES FIVE SLUG TEST HETHOOS• SKIBITSK£,BOUYER-RICE• 
0 • HVO~SLEV,FE~RJS-KNOULES AND COPPER-BPEDEHOEFt-PAPADOPULOS. 
0 • IT UAS U~ITTEN BY JIH BPINKMAN OF SHLB 
0 LPRINT "SLUG TEST SOLUTIONS" 
00 LPRINT " " 
05 LPPINT •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
10 INPUT •YELL IDENtiFICATION- "iN~ 
2D LPPINT •uELL IDENTIFICATION- •;N~ 
JD INPUT • DATE OF TEST PUN-•ID~ 
40 LPPINT "DATE OF FIELD TEST- "I D~ 
44 INPUT •LENGTH OF CONTRIBUTING INTERVALeCL)"IL 
4~ LPRINT •LENGTH OF CONTRIBUTING INTERVALo(L)• "iL 
"lO INPUT "CHOSE METHOIJ OF ANALYSISeSKIBITSKEC l) ,BOUYERC2) eHVORSLEVCJ) oFERRIS-ICNOYLESCU 
bO IF MA<l OR "A>5 tHEN 15D 
70 ON HA GOTO I~Oo2'0·640o820e.40 
~0 PRINT "SKIBITSKE MEtHOD" 
D5 LPPINT •SKIBITSKE METHOD" 
10 INPUT •INPUT VOLUHE OISCHARGECQ)•IQ 
20 INPUT "INPUT RESIDUAL DPAWDOYNC•')"IS 
JO INPUT "INPUT TIME OF RESIDUAL ORAYOOWN ~ASURE"ENTCt)"IT 

K•O/T/S/17.56b37l/L 
LPP.INT •FOR DISCHAPGECQ)• •aQ 
LPPINT •RESIDUAL DPAYDOYNC•')• •1S 

bO LPRINT "TI"E TO RESIDUAL ORAWDOWNCt)• •aT 
8D GOTO 755 
~0 PRINT •BOUYER-RICE "ETHOO" 
00 LPRINT "BOUYER-RICE METHOD" 
ID INPUT "YELL RAOIUSCRc)"IRC 
2D INPUT "ROPEHOLE RADIUS CR~)•&RW 

340 INPUT "HEAD AT Ta(Ya)•IYO 
~0 INPUT "TIME TO HEAD "EASURE~NT(t)•IT 

3b0 INPUT "HEAD AT TIHE tCYt)"iYT 
37D INPUT "DIStANCE FRO" YATERTABLE TO BOTTO" OF OPEN OP SCPFENEO INTERVALCL~)"iLW 
38D INPUT "DISTANCE FR~ WATERTABLE TO I"PER~ABLE BOUNDARYCH)•;H 
390 IF H•LW THEN 480 
4DO D•LOGCCH-LY)/RY) 
410 IF D>6. THEN 0•6. 
420 X•LOGCL/RU) 
4JO IF X>4.7875 THEN A•-.l4SS•X•X+S .• 2D6•X-IS.2747 ELSE A•.4't•X•K-2.04S•K+l.6'l 
440 IF K>S.247 THEN B•-.12•K•K+2.5128•K-8.7825 ELSE B•.Db5~•x•x-.217•K+.4Z41 
4~0 LPR•I./Cl.l/LOGCLW/RW)+CA+B•Dl•RW/L) 
47D GOTO 520 
4AD X•LOGCL/RW) 
490 IF K>S.OI06 THEN C•-.7887•K•X+l2.7088•X-J7.8.22 ELSE C•.SSII•X•X-2.082'•Xt2.5''2 
50D LRP•l./Cl.l/LOGCLW/RYl+C•RY/L) 
520 K•RC•RC•LRR/2./L/T•LOGCYO/YT) 
S4D LPRINT •FOR WELL RADIUSCRc)• "I RC 
5b0 LPPINT"BOPfHOLE RADIUSCR•)• •;RW 
SAO LPPINT "HEAD AT Ta(Ya)• •; YO 
5~0 LPPINT "TIME TO HEAD "EASUPEMENT(t)• •aT 
bDO.LPPINT "HF.AD AT TIME tCYt)• •;yT 
610 LPRINT •DISTANCE fPO" WATEPTABLE TO 80TTOH OF OPfN OP SCPfENFD INTERVALCL~)• "iLW 
b70 LPPINT •DIStANCE FRO" WATERT~LE TO I"PER"EABLE BOUNDARY(H)• "iH 
#t\o; GOTO 7~~ 

'640 PPINT •HVOPSLEV "ETHOD" 
4t'•U ._t\RINT "HVORSLEV MEtHOD" 
. . . . 

• 
, 

, 

, 

' OR COPPER-BREDEHOEFT-PAPAODULOSCSl"&"A 

, 

, 



660 INPUT "UELL PAOIUSCd"iPU 
t.IIO I tii'U T "ltUio'[HOt E PAO I USC HI "i PB 
t.'ID INPUT •JIMt LAG- TIM[ AT UHilH CH-hiiCH-Hoi•IDE-.434J(Tg)"il0 
700 ~51o'W•HU•IUGCL/PBI/1./LITO 
710 LP~INf "fOH W[LL HAOIUSCrl• •;PU 
740 LPio'INT "(UJHEHOLE Ji'AIIIUSCPI,. "ii<'U 
7~0 LPHINT •AND TIME LAGCTol• "iTO 
7~~ LPRINT •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••" 
760 LPHINT •THE CALCULAffO HYDWAULIC (ONOUCTIVITYCkl• "iK • 
76S PRINT "THE CAL(ULAl£0 HYDRAULIC CONOUCTIVITYCKI• "iK 
770 INPUT "00 YOU WANT ANOTHER RUNCYES OR NOI"iA~ 
772 ll'lo'INT "••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
773 LPRINT "" 
1·1s LPH I NT "" 
777 LPRINT "" 
7hD If A~•"YES• THEN 100 
7~0 If A•<>"NO• THEN 770 
DIU END 
8~0 Plo'INT "FERRIS-KNOWLES 1'1ETH00" 
810 LPHINT "FEPRIS-kNOULES 1'1llHOD" 
840 INPUT "VOLUME DI5CHARGEOCQI•"i0 
a•,o INPUT "HEC I PRO CAL Of T UtE Cl/ t I •" i RT 
HbO INPUT "OHAUOOUN AT 1/t Cti•"IS 
8HD K•Q•RT/5/L/12.566371 
8~0 LPHINT "fOR• 015(HARGECQI• ";Q 
~00 LPRINT "RECIPROCAL T11'1ECl/t)• "illT 
~10 LPHINT "OHAWOOWN C•l• "IS 
~JO GOlD 755 
~40 PRINT "COOPER-BPEDEHOEFT-PAPAOOPULOS t1fTtt00" 
~SO LPRINT "COOPER-BPEOEHOEFT-PAPADOPULOS 1'1EIH00" 
~t.D INPUT "RADIUS OF WELL CASINGCRcl•"iRC 
~70 INPUT "liME fOR POINT ON MATCHED TYPE CURVECti•"IT 
~~0 K•HC•RCIT /L 
1000 LPRINT "fOR•WELL RADIUS CRc)• "IRC 
1010 LPHINT "TII'1ECtl• "IT 
1030 GOlD 755 

, • • • 



[JI] JACOBS ENGINEERING 

DATE _____ _ SUBJECT 

BY CHKD. __ _ 

;o 

;: ___ j ----··. -·- . 
!· i 

;11· ·----~-- .. -: -. -···-· 

~ ll __ -- ~ . ___ : - -- ~ ~ . -·.- . -- -·. --·. .. .. . ·- ·. 

·i: ; 
-·-- -~- ~ : ... - . . . - . - .. 

• -· - ~ -- . ! -' •.•. - . . A I T A(_ H M EN T 3 
:~ .. ---~--: __ MoN\""JDR WELL INFoR.MAIIctJ 

-~ - . . .. - -

,:0"'1' • . .. . ..... . 
. ) .·, 

S L U 4 I f ~ T F I E L 0 (:' o R.M .S 

DATA PLoTS 

.1 .. 

;..;?. 
SHEET NO. __ ._-' __ _ 

JOB NO·-------,= • 

.... ····-: 

•: . ' 

' 

.. - ......... --
! 

• 



-----------------------------------------------------------------

• 
-· 

I NORTH EAST GROOND BOREHOLE 
LOCATION: COORDINATE COORDINATE ELEVATION 

ID (FT) (FT) (FT MSL) 

0601 54980.4 88017.7 4881.51 
0602 563n.4 88661.2 4861.53 
0603 57812.7 89036.9 4846.64 
0604 58397.0 89424.6 4837.30 
0605 58707.6 90066.7 4831.42 
0606 59034.2 88634.0 4860.44 
0607 59657.2 87519.2 4869.41 
0608 58685.7 87189.4 4901.08 
0609 59052.1 87652.9 4878.30 
0610 56338.8 88611.6 4860.83 
0611 57811.0 89017.5 4846.35 
0612 58437.2 85614.8 5000.09 
0613 563n.8 88643.7 4860.81 
0614 60940.5 87832.6 4854.28 
0615 57794.4 88980.7 4847.50 
0616 56747.3 87987.6 4869.00 
0617 52090.6 87094.4 4907.96 
0618 58868.3 87016.1 4920.00 
0619 58876.5 87587.9 4886.52 
0625 582n.5 89803.1 4838.80 
0650 64970.2 89923.8 4790.15 
0651 63788.9 92734.3 4781.46 
0652 62581.5 93759.3 4800.69 
0653 61249.3 89596.3 4832.14 
0654 59351.4 91063.4 4824.41 
0655 59754.6 88624.1 4857.73 
0656 59545.2 89175.1 4852.07 
0657 59266.0 87596.5 4881.18 
0658 54763.4 88857.0 4876.19 
0659 59069.8 88670.3 4860.84 
0660 61303.4 89584.3 4831.38 
0661 56366.1 85447.7 5057.34 
0662 59236.5 875n.5 48n.o7 
0663 59069.6 88593.5 4861.56 
0664 61255.9 89537.0 4832.84 
0668 60171.4 88287.0 4864.27 
0669 60146.3 88247.8 4863.19 

FORMATION OF COMPLETION CODE: 
SR - SHINARUMP MEMBER OF THE CHINLE FORMATION 
AL - ALLUVIUM 
DC - DECHELLEY MEMBER OF THE CUTLER FORMATION 

DATA FILE: M:\DART\MON01\MWI10000.DAT 

DEPTH 
(FT) 

24.00 
35.00 
55.00 
30.00 
32.00 
47.00 
30.00 

120.00 
15.00 
87.00 

185.00 
215.00 
160.00 
84.50 
89.00 
-
-

153.00 
154.00 
89.00 
99.50 
82.00 
56.00 
78.00 
79.00 
60.00 
62.00 

138.00 
165.00 
109.00 
155.00 
218.00 
70.00 

217.00 
233.00 
218.00 
56.00 

• MONITORING YELL INFORMATION 
SITE: MON01 MONUMENT VALLEY 
REPORT DATE: 06/04/92 

BOREHOLE CASING CASING 
DIAMETER ELEVATION DEPTH 
(INCHES) (FT MSL) (FT) 

6.625 4884.43 27.00 
6.625 4864.02 34.00 
6.625 4848.56 57.00 
6.625 4839.09 32.00 
6.625 4833.96 34.00 
6.625 4863.31 50.00 
6.625 4871.26 30.00 
6.625 4903.11 122.00 
6.625 4880.17 16.00 
6.625 4861.81 87.00 
6.625 4848.35 185.00 
6.625 5001.74 217.50 
6.625 4862.82 162.00 
6.625 4855.66 72.00 
6.625 4849.29 100.00 
- 4869.92 8.00 
- 4908.96 -

12.000 4921.02 153.00 
12.000 4887.42 154.00 
12.000 4840.09 89.00 
7.875 4793.29 102.50 
7.875 4784.51 85.00 
7.875 4803.84 59.00 
7.875 4834.94 80.00 
7.875 4827.01 82.00 
7.875 4860.39 63.00 
7.875 4854.61 65.00 
7.875 4883.21 141.00 
7.875 4878.82 160.00 
7.875 4863.63 112.00 
7.875 4834.16 158.00 
7.875 5059.99 215.00 
7.875 4879.81 73.00 
7.875 4864.41 222.00 
7.875 4835.76 236.00 
7.875 4866.71 217.50 
7.875 4865.78 59.00 

CASING 
DIAMETER 
(INCHES) 

2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
-
-

12.000 
12.000 
12.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 

SCREEN SCREEN 
BEGINNING LENGTH FLOW 

DEPTH (FT) (FT) CODE 

15.00 10.0 u 
22.00 10.0 N 
45.00 10.0 c 
15.00 15.0 c 
17.00 15.0 D 
35.00 10.0 D 
12.50 10.0 D 

100.00 20.0 0 
9.00 5.0 0 

65.00 20.0 N 
155.00 20.0 N 
170.00 20.0 N 
140.00 20.0 N 
50.00 20.0 D 
68.00 20.0 c 
- - N 
- - N 
- - 0 
- - 0 
- - c 

80.50 20.0 D 
23.00 60.0 D 
37.00 20.0 D 
58.00 20.0 D 
60.00 20.0 c 
41.00 20.0 D 
43.00 20.0 D 

124.00 15.0 0 
138.00 20.0 N 
90.00 20.0 D 

136.00 20.0 D 
193.00 20.0 N 
41.00 30.0 D 

180.00 40.0 D 
214.00 20.0 D 
182.50 20.0 D 
37.00 20.0 D 

FLOW RELATIONSHIP CODE: 
U - UPGRADIENT 
N - UNKNOWN 
C - CROSS GRADIENT 
D - DOWN GRADIENT 
0 - ON-SITE 

FIELDS DISPLAYED WITH A DASH INDICATE THE DATA IS UNAVAILABLE 

• 
FORMATION 

OF 
COMPLETION 

SR 
AL 
AL 
AL 
AL 
AL 
SR 
DC 
SR 
SR 
DC 
DC 
DC 
SR 
SR 
AL 
AL 
DC 
DC 
DC 
AL 
AL 
AL 
AL 
AL 
AL 
AL 
DC 
SR 
SR 
SR 
DC 
AL 
DC 
DC 
DC 
AL 

. l 



IJE JACOBS ENGINEERING GROUP INC. 
- ADVA.NC:ID ITitiMS DIVISIOH, ALIUQUUQUI OPlU.110NS v~;· n- ·.·. 

,. L ~- ~ L ·,. 

~ 
- --SLUG TEST DATA 

(.Gi STATIC WATER LEVEL: 'J 
SITE 10: MvN ¢1 LOCA liON 10: ltc'·t-t(fu;) DATE: 05/-f/2.=! TIME: ~ ,jc~ () 

LJ. ii, nc..t ft'lCt.~~. 
. 

SLUG VOLUME (ft.3): 0'. -. ~~( DEPTH (ft); 
• 

/It cl /Y~··"' 

INITIAL WATER LEVEL: OPEN INTERVAL If ~C·~ ·(."' to t!,l'rq,.N 

DATE: B s I 'i L 18 TOTAL DEPTH OF WELL (ft): 2 '-(. 7 1 
r1 

TIME: z .' 3l fl./!:1 WEll OIAM. (fi): ~ 16? 
.. l3 ... ')-a OBSERVERS: D.· l!ldl.Jr DEPTH (ft FROM TOC): 

ELAPSED TIME DEPTH TO WATER RESIDUAL H-h 
1/tm H/H 0 

or 
(MIN, SEC from t 0 ) (tt. from TOC) DON .(ft.) H-H 0 

t·oo . 13.~') 

. z& J~ .. 1t 
.I :00, 11. 12. 
~ :.tfh 

\ ·H. o9 ' 

L;oa 13 9'1 
~:,50 /3 ,Cfl] 

J:no /J. f:t() 
Z.·~.!Jb JJ.; 1':>1/1 •• 

t/: (t) /3. Bl 
J/-: &') .. JJ. 9-A 
S;oo /3, 72 
h:OO 13. 6'/ 
'7!0/} JJ. bO 
8:oo /3. ft.. 
'1t t'JO /.3 . ~h 
jt): OJ lJ,c.(h 

.. . ... 

COMMENTS: /) /!.Q.Pf:ll. a. ~ £ Q6.· 
......, 

'3~00 s s- L I::LL 2 L. - • 
we-tl ~M C¥t. ~ t:e. ''£ g_r a/' f<r 2 cA1s 

7T • 



Lib ·,...~~ . ..:· 
L 

SLUG TEST DATA ;9_r,;/ 
·r. . . . 

VALLEY l . 7/'\ SITE: I'IONO 1 MONUMENT l 
LOCATION: 601 
DATE: 04/27/85 • • l 

GROUND &JATER RESIDUAL 
) 

ELAPSED TIME ---- DEPTH DRAUDOUN H[TJ/HO (... [I'IINJ [1/MINJ CSECJ CFT.J CFT.J CFT./FT.J If ,c 
F . " c - ' .. I \-. .oo .ooooo 0 13.45 .oo .oooo 

C· .so 2.00000 3.0 14.31 -.so -.3474 1.00 1.00000 60 14. i2 -.67 -.2707 ( 1.50 .66~67 90 i4.09 -.64 -.2586 2.00 .soooo i20 i3.99 -.54 -.2182 2.50 .40000 150 13.95 -.so -.2020 3.00 .33333 180 13.90 -.45 -. 1818 
( .. 3.50 .28571 210 13.86 -.41 -.1656 4.00 .25000 240 13.81 -.36 -. 1454 4.50 .22222 270 13.78 -.33 -. 1333 s.oo .20000 300 13.72 -.27 -. 1091 6.00 .16667 360 13.64 -.19 -.0768 7.00 .14286 420 13.60 -.15 -.0606 8.oo .12500 480 13.56 -.11 -.0444 9.00 • 11111 540 13.56 -.11 -.0444 10.00 .iOOOO 600 13.56 -.11 -.0444 

( 

-
FERRI s-.CNOULES 

UMTRA*EZPLOTJJo01 HVORSLEV 
UMTRA*EZPLO+J002 • BOULER-RICE 
UMTRA*EZPLOT 003 COOPER, BREDHOEFT, PAPADOPULOS 
UMTRA*EZPLOT~04 

( 

, . 
' 

Moot. 
( /-100 ~ 

?/00~ 
~ \\ pOOtf r {::; \ 

(, 

(' 

:. 
;.. ,. 

,~ 

oo·.:.· 1(..., ~~ • fl. .,.'\ I -

(. 

• 
·- . . ... - -.... 



d 
.::r 

• 

-.... 
EA. 

:z 
• C) 

Q 

• -< 
c.:: 
Q 

...;a 
-< 
0 
Q -en 
c-:11 
c.:: 

) 

• 
BOUWER-RICE SLUG TEST ANALYSIS 

0 
SITE:MONUMENT VALLEY LOCATION:601 

10 • . . 

• • .-. 
~ ~ 

~-~ • 
............ 

!'-----...______ ·-

10 - 1 

·~ 
r--~ 

r--• 

. 

0 100 200 300 400 500 
··.· ., 

TIME (SEC) 

~ ::::;?.C{f () • J ' 

. '·· 
'-";· '1il'' ~·· 

....... 
~ .... ~ ·-;:-· 

DAT£:04/27 /85 

• --.. 
' 

" 
"-
~ 

800 7QO 



~E JACC>eS ENGINEERING GROUP INC .. 
'" [ AI)VANCID IUU .. I DIVISION, ALIUQUIKUI O'UATIONI -

SLUG TEST DATA 
STATIC WATER LEVEL: 
DATE: ~ 5/8/! [ TIME: I; .2 ~ f . SITE ID: 0JctJ -$1 LOCATION 10: 6¢ I 

SLUG VOLUME (ft.3): O. 054-

INITIAL WATER LEVEL: 

DATE: '?51 € II~ 
TIME: ~ _s-;.:;cgf 

DEPTH .. (ft FROM TOC): / 'f~ lr;; Q 

ELAPSED TIME 

(MIN, SEC from t 0 ) 

OEP7H TO WATER 

(ft. from TOC) 

DEPTH (ft): I'{ 5s 
OPEN INTERVAL ( '8 to 2 ;;-

TOTAL DEPTH OF WELL (ft): :J S". 2 
WELL OIAM. (tt): (/.I (.. I 
OBSERVERS: M ;j nC{ rd, f 

RESIDUAL 

DON ·cu.) 1/tm HtH0 or H·h 
H-H 0 -· ~------------~-------.--~--~~-------;-------+----------~ :·0 . . l'i. 5'~ 

lei>... 1<1" 
• 5 t5,;3 

, S IS. 0 ?-

-::;.. 0 I ~-CD 

coMMENTs: J2r:-rpp } Slv.j a 5: o s r J s s-/ f /;s 
· Pi., !h tl .S/u/4 I7J f,· :2~- 1> x s~/9/ /8 

(<-/. 6 3 
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SLUG TEf3T DI~TA 

SITE: t'liJNO 1 t'lONl.ll'iENT 1
v

1t<l ... I..EY 
LOCATION:; 601 
DATE: OB/18/BS 

GROUND WATER RESIDUAL 
---- EL.APf.\ED TII'lE --·-- DEPTH Dl~t~tJDOWN H[TJ/110 

[MINJ [1/MINJ [SECJ CFT.J [FT.J [FT./Fl.J 

.oo .00000 

.so i.~. 00000 
1. 00 1.00000 
1. ~;o .66667 
2.00 .50000 
2.SO .40000 
3.00 • ~l3333 
3.50 • 28~)71 
4.00 • £~~:)000 
4.SO .. 22i?.J.~L?. 
5.00 .. i?.OOOO 
6.00 • 166f.)7 
7.00 .. 1",:?B6 
8.00 " ~ l?E>C,() 

10.00 .10000 
15.00 .06667 
:~o .. oo u () ~:J~~ ~13 

60 .. 00 .0166? 
1:L~O .. 00 .. 00f:l33 
1BO ,. 00 • oo~:;\:·;tJ 

FEnn I G····~(NOI..JI...ES 
H\.I()F{ St. E I,J 

BOUI...FH···P.ICE 

0 14.SS 
30 15 ./..14 
t.> 0 15. 11> 
90 1 E>" ~ ~3 

120 1\:). 12 
150 1ti.09 
180 ~S .. OB 
210 15 .. 07 
2'+0 15.06 
2.70 1S.OS 
300 1!:).0:~ 

360 15.01 
4 /.~ () 1\:) n 00 
48() 14~cn 

600 14.94 
900 14 .. 80 

1BOO 14.76 
:3t..oo 14 ,, f.,(~ 
7:?00 14.65 

10UOO 14.1.1::1 

CUOPF::p, BHEDHOFFT, PAPADOPlJI ... D~~ 
(:~G!NOPH 

.00 . 0000 
-It 6(/ - "2/'F:[: 
- .. 61 -· • 24·6'+ 
- .. 5B - .. £~3-4-::; 
-.57 .•. . 2~0~~ 
- .5'• - n2~L:? 
.. • E)~~ . .. . 2 14 1 
- .. 52 - .. 210 ., 
-.S1 -· . ?060 
-.so - . 20/.'0 
- . I.J-8 - . l)9:~;9 
- .. 4·6 - " 

·1 E:: ~:·.:. n 
-.I;F; -· " 1B ,.iB 
- .. 41.:~ - .. 167'/ 
·- "~~9 -· . 1576 
-· '=''='' - ~::::::;:3 .... :;. .. ~· " 
•· .. L~ 1 ·- . ()8/+ n 
- " 1 ~: .. 

" 
0 ~ ·:; 'i:' ~.~·~ 

-· . 10 -· tt (),!{.()4 

- II ()E! - ,. o~:~l..'' ~::: 

LJI•ITP.t~·)([ZF'i..(lT.JHO ·i 
Ui•i T P. f.1·:ri· L Z F' L.DT .JH Ol:~ 
UI'ITH?~·)(·EZP i .. o·r . .J: 10:3 
UI•ITR(.~·r;LZP 1..0·1 .JHOl~ 

• 

• 

• 



BOUWER-RICE SLUG TEST ANALYSIS 

0 
SITE:MONUUENT VALLEY LOCATION:601 

10 
DAT£:08/18/85 

--... -.a....._ .... ... 
~ -- • ---... 

~ - ... 
:zo .. 
C> 
Q .. 

10 - 1 .: 
CIIS 
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...;a 

.: 
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.:::a -Cll 
DoG -

.. ~~ .. 

0 500 1000 1500 2000 2500 3000 

TillE (SEC) 
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=:, 

;Jff;;/ 
··-·-- -. -- -; -.c:y )- .• 

----- -- ----·-----·--- --·---· 

****************************************************************** 
WE~~ lOENTlF:CA~lO~- 6C: 
~-E 0~ FIELD TEST- 4/27/8~ 
LENGT~ OF CO~TR:3uTING lNTE~vA~,(~l= lC 
BOUWE~·RlCE ~ET10u 
FOR wELL RADl~S(~:l= .083 
BORE~O~E RADlJSi~wl= .276 
HEAD A' To(~c)= 2.5 
T!~~ TC HEAC ~EASURE~ENT(t)= 3CO 
HEAD AT '!"'!:: t('ii,)= .27 
O!SiANlE ;1(0" wA:E~7A8L~ TO Bi)·:o~ 0~ Ot.oEN Oil' SC~:.Er.JEJ !NE~VA~(:_:ai)= 1£.5 
DISTANCt ;;ROtt iM•H::R~A:L.E TO l~PERr-EA3~E 30:.J'(JA~·•(;.;)= :2.: 
****************************************************************** 
TH; CA' !'":;: l.~=~ ~v:J~;A :: :r L'·o•:f1:;:-:.,::v(•,'= -1 3 ~:~'i:·:,~.;.;-. .:. r 1 ;~ .. , 
·- • -'-w- -• ··· •.·w-•• 1 \.J~o.\, •••. :'\ • UWI,.....,_ w'- 1""\ ~IO..V 

****************************************************************** 

'.' 

****************************************************************** 

****************************************************************** 
WE~~ !uE~'i'::A~!ON- 6~~ 
OI(E 0~ F!E;.J TES·- 6/i.S/85 
LENGT~ OF CONTR!SUT!~G !N1 ERVAL,(Ll= lC 
BOJ~ER-RlCE ME7~0: 
~oR ~E~L RADlwS(R:l= .D83 
BORE~~LE RAiJiUS(R~l= .276 
HEAD AT To(Vc)= 2.5 
Tl~E 10 HEA~ M:~SJR:~:N:(t)= 46~ 
HEAD ~~ T!ME t(Vt)= .42 
Dl516~:E FROM wATERTABLE TO BOTTO~ 0~ OPEN OR SCREENED !NTE~VAL(L~l= 12.5 
D:S~ANCE ~ROll. iJA"~'ERTAS:..E TO l"'PER~:AB:..: BOUNDAR" i~l= 12.: 
'***************************************************************** 
Tu::' CA'~''i6·::-o HYi)~A·:: .,. co~:;'I:::-~·":';'V""= 3 LS67r:~::-.:;>, rt/ = 1.\..U. I •.. I( ~.;.h. ,,.,.,. .... IV •. ' \!\1 .c .~:l- ~~ 't sec:.. 
****************************************************************** 

-----. ·------ ---------------------- ---- ----- ------------------· -----· 

--- ··---·--------. --· 

------------------ -------- --

• 

• 



. 
Pcff/ .. 

1JE JACOBS ENGINEERING GROUP INC. -:;qj L A.DVA.NCIC IUTUoU OIVli!OH, A.LIUQUIRQUl OPUA.TIOHS !I;, 
·. ,:: ·. 

' SLUG TEST OAT A 

STATIC WATER LEVEL: 
{'tt/1'.~1 LOCATION 10: 602 D "T E : :D.:ij '-I I -.2. I TIME: Y• : .. --

SITE ID: ).:> 
I I ·-. 

SLUG VOLUME (tt.3); DEPTH (tt): s )_c...! 
/\( J,.• ,-r I~ ··1 

INITIAL W A TEA LEVEL: OPEN INTERVAL !itY·>;' ·to' to ICtJ::;,'~ .. · ,., 

DATE: tf.5 I'Litc-3 
I I 

TOTAL DEPTH OF WELL (ft): J/~7"! 

TIME: l (J .' c..~ ~- ;9. for WELL DIAM. (ft): ~t..C/ 

DEPTH (ft FROM TOC): 8~3't_ OBSERVERS: P ~ o~ }? ).'·;- is~,~]:. 
Jr 

ELAPSED TIME DEPTH TO W A TEA RESIDUAL H-h 
1/tm H/H 0 or 

(MIN, SEC from t 0 ) (ft. from TOC) DON '(ft.) H-H 0 

00 g.). 9 ' 

· .. ~0 9 Cf 1 
... 

\ . 00 C1 -?3 b 
I ·&o q .l s 
-2 ·oo 9 {., {., 

'1 ·S_Q CJ st../ 
. 

·.s- co 9 LiY 
~- §o 'l . ) b 
Ll' 00 9 ~b 

")0 t._9 19 
~- 00 q oq 

·. :, 0 ~ q ~ 

_b ·. OD g q -~ 
~,a ~. 8 ?> 

-, ·oo ~ $:) 
. ·~o R ~0 

9 ·ao 8.lb 
_q ac <3 "'1 l) 

La .'0() g 65 
I I ·_ 0 0 <i?.bl 

COMMENTS: P go e rP D s.-c.. , .. c; ~ ~ 6J{,' 8;/t/20 • I I 

·' 



IJ E JAcoe.s ENGINEERING GROUP INC . 
..___ ADVANCID ITUIIU DIVISION, ALIIJQIJIIQUI OPlU.liONS rnn c - ·: 

SLUG TEST OAT A 
STATIC WATER LEVEL: 

s1Te 10: noN a1 LocATioN 10: Go·:\.. DATE: TIME: 
~cl"\~·d) 

. 
SLUG VOLUME (ft.3); DEPTH (ft): 

INITIAL WATER LEVEL: OPEN INTERVAL to 

DATE: TOTAL DEPTH OF WELL (ft): 

TIME: WELL OIAM. (fi): 
.. 

DEPTH (ft FROM TOC): OBSERVERS: 

ELAPSED TIME DEPTH TO WA TEA RESIDUAL H-h 
1/tm H/H 0 or 

(MIN,. SEC from t 0 ) (tt. from TOC) DON '(tt.) H-H 0 

} "1. · :oC -~,S7 

J 3 ·. co ~ .S Lf ... 

.. 11...1 ·.o o <X • ,c;- :l 

\,S: oo 8'5"0 
(6 ·.oo ~ Yf, 
1.-'1 . 0 Q ~ . y L/ . 
,g oo ' $? .) '-1 (.. 
\9 ·.oo ~ • L-1 I •• 
~ o· .. 00 ~ J.../0 
-:l..S ·. e: o .'?, .. :'3~ 
~ 0 . . 0 0 crf .. 33 

3S'oo R.., ~2 

... 

COMMENTS: 

• 



.- \\ 
~~ -:--;;:~- J:" 

(_ .,._ . 

SLUG TEST DATA .. . 
;t~ SITE: MON01 MONUMENT VALLEY !?4) l 

LOCATION: 602 •• DATE: 04/21/85 
1-1ol • l 

GROUND WATER RESIDUAL ---- ELAPSED TIME DEPTH DRAUDOWN HCTJ/HO 
(; 

[MINJ [1/MINJ [SECJ [FT.J [FT.J [FT./FT.J 

.oo .ooooo 0 8.29 .oo .oooo (- .so 2.00000 30 9.97 -1.68 -.6787 1.00 1.00000 60 9.86 -1.57 -.6343 1.50 .66667 90 9.75 -1.46 -.5899 (. 2.00 .soooo 120 9.66 -1.37 -.5535 2.50 .40000 150 9.54 -1.25 -.so5o 3.00 .33333 180 9.44 -1.15 -.4646 t 3.50 .28571 210 9.36 -1.07 -.4323 4.00 .25000 240 9.26 -.97 -.3919 4.50 .22222 270 9.19 -.90 -.3636 t 5.00 .20000 300 9.09 -.so -.3232 5.50 .18182 330 8.98 -.69 -.2788 6.00 .16667 360 8.95 -.66 -.2666 (_ 6.50 .15385 390 8.88 -.59 -.2384 7.00 .14286 420 8.83 -.54 -.2182 ···~~ 7.50 .13333 450 8.80 -.51 -.2060 (. 8.00 .12500 480 8.76 -.47 -.·1899 
r:· 9.00 .11111 540 8.70 -.41 -.1656 •• ,,. 10.00 .10000 600 8.65 -.36 -.1454 ( 11.00 .09091 660 8.61 -.32 -.1293 12.00 .08333 720 8.57 -.28 -. 1131 ~~ 13.00 .07692 780 8.54 -.25 -.10i0 ( i4.00 .07143 840 8.52 -.23 -.0929 ~ 15.00 .06667 900 8.50 -.21 -.0848 16.00 .06250 960 8.46 -.17 -.0687 17.00 .05882 1020 8.44 -.15 -.0606 18.00 .05556 1080 8.43 -.14 -.0566 19.00 .05263 1140 8.41 -.12 -.0485 

( 20.00 .05000 1200 8.40 -.11 -.0444 25.00 .04000 1500 8.36 -.07 -.0283 30.00 .03333 1800 8.33 -.04 -.0162 35.00 .02857 2100 8.32 -.03 -.0121' 

( FERRIS-KNOWLES 
UMTRA*EZPLOTH005 HVORSLEV 
UMTRA*EZPLOT,9006 ·- BOULER-RICE 
UMTRA*EZPLOT0007 • COOPER, BREDHOEFT, PAPADOPULOS UI'ITRA*EZPLOT0008 @~NOPR 

• 
Cf J:E.R.f<_ 

( ~" CF cooP • C,.F 6ow1<.. ( 

C F r\vo1Z 

\ - . . . . . . . . ... 
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10 
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• 
BOUWER-RICE SLUG TEST ANALYSIS 
SITE:MONUMENT VALLEY LOCATION:602 
"~ 

~' '-
"- '<I: 

" '. ...... ~ 
~ 
~ ~ ... 
~ ...... . , 

~--~.~ ... 

~ 
' 
.a.'~ 

·~ ....... -
-~------~-:: 

" r-..... 
1 " ""' -

" ! "" ""' ~ "--·-
~ 

I ''· 

0 500 
T 

1000 

TIME (SEC} 

1500 

DATE:04/21/85 

··--

--· 

-· 

~ 

' ~ 
~---

•. 

2000 2500 

c -== 33Q Jec - J.% /9 A' {D -J da/ .:· 

l.f ~ =- 0 _ to 'I l'c . 

-3 
z!:- -;: ~ JO ,sc..c - 5. :J .5 t, .--1 I 0 dct 7 

I 

Yt =- o. L/7 -Ft 

., :;; 
.\ 

' 
·: 



10 ° 

-' .-0 't.JU.- . . - VjQ 
l() ._) l/1• 

-... .. 
........ ... .. -
C» = ........ -... -= 

ERROR 

> 

• 

10 -l 

HVORSLEV SLUG TEST ANALYSIS 
SITE:MONUMENT VALLEY LOCATION:602 

..... -. ........... ... .. ' !'..... . -. ~ 
•• 

~ . ~ 
I 

.. 
~ .. 
• "'· I • --. ' . . 

I -
I &.., 

T -..;:-.,.~ 

I '"" 

... _,. .. ·.·'lf· ·. . I 

DAT£:04 /21/85 

I'"' • I 

I ~ 
..... . , 

,. I 

20 22.5 25 27.5 30 32.5 35 

• • 
I 
.1 

J 
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( 

rJ£ JA.C06S ~ERNG GROO> NC. 
_ A.DVA.MCI~ IY&nllll DCVJIIOft, AUveUIMUI O,.Unotcl •· .·, f, ~~ 

SLUG TEST OAT A 

SITE ID: MotU- ¢t &02 
STATIC WATER LEVEL: 

Lj.·~; ''P LOCATION ID: DATE: 8:>.ts; 1 ~ TIME: 
I • 

SLUG VOLUME (ft.l): Q.OSi:: DEPTH (ft): c;. ~ 3 

INITIAL WATER LEVEL (AT t 0 ): OPEN INTERVAL (ft.) to 

DATE: SsL&Ll ~ TOTAL DEPTH OF WELL (ft): 32-0 

TIME:'" .... '-/_:Lfc}o WELL DIAM. (ft): ({ ltf f. 
I 

M t$-'(l" ,.cL T DEPTH (ft FROM fOC): ~- '-"!~ FIELD REP: 
·i~·. 

ELAPSED TIME GROUNDWATER RESIDUAL H-h 
(MIN. from to) ' (ft. from TOC) 111m H/H0 or 

DDN (ft.) H-H 0 

~0 q, ~3 
:5 IO.S"q . 

!·.oo /0:45 
·j· . ':i /0.43 
~'f:J:cb /0 I ?>S-

"'l.~ ({), Z5 
"3·oo ·ta.zo • . .;- t0·/3 
\~:oo 10.03 

· .. 5 10· 0() 

s:oo ~q1 

~:on 4J Cf3 
7.'~0 ,-, l't:, 
~ •• (9() 9·75' 
CJ. t:JD tf, 1~ 

/0 .'/~i) t:t.73 -
IZ'~h q_ 71) 
l4-, OD q.~~ 

. J~:oo &].foo 
I B.oz; 1.5B . 

·. 

))!C(fj~/ s<lvg "'-/_: 'iOe. 8'~LF/..L~ COMMENTS: G ; f I l 

~ (tlj_ s[u4 @ 6;4o ~~ . e)-Le.L?.a 
1/ I I 

'· • 



fJI JAcoes ENGINEERING GROUP INC .. 
ADVANCID ITitUU DIVISION, ALIUQUitQUI OPUATIONI - ;?;!/ 

SLUG TEST DATA I· ct./--

SITE ID: p?e ~ C( . LOCATION ID: ~ Cl 'Z..-
STATIC WATER LEVEL: 
DATE: S5!gj2D TIME: 

I . 
SLUG VOLUME (ft.3): DEPTH (ft): 

INITIAL WATER LEVEL: OPEN INTERVAL to 

DATE: f25Lettet. TOTAL DEPTH OF WELL (ft): 

TIME: -e... 
.. 

WELL DIAM. (ft): ¢.tl;'i 
.. 

'3_.43 e.ok ~ts DEPTH (ft FROM TOC): OBSERVERS: 

ELAPSED TIME DEPTH TO WATER RESIOUAL H·h 
1/tm H/H0 or 

(MIN, SEC from t 0 ) (ft. fro·m TOC) DON ·cu.) H-H ; 0 

23.'00 Cf.5S 
2'S:oo· q~/ 

•· '33 6t"\. Cf,Sf 

38 C'O 9 51 
~3 2oo '1 5 ( .. 

48 ~00 Cf.5l .. 

5-~: ~'10 
.. 

'5"( 
58.~() Cf_.5r 
I H-f?:.. 3o nu~ ~ ,Cf2.. 

. .. . . 

COMMENTS: 
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SLUG TEST DATA 

SITE: MON01 MONUMENT VALLEY 
L.DCr~TlON: 602 
DATE: OB/18/85 

GrtOUND ~ .. ll1TLH RES IDlJ,~L 
-·--- ELAPSED TII'IE ---- DEPTH DH.~JlJDOWN H[T:-1/HO 

[MlNJ [1/MINJ [SECJ [FT.J [FT.J [FT./FT.J 

_oo -00000 
.so 2.00000 

1 "00 1.000()0 
1 .. 50 .66667 
2-00 .50000 
2.50 .40000 
3.00 • ~:J:~33~~ 
3 .. 50 • 28Ei71 
4. ()0 "£~5000 
4.50 • 22i~22 
5 .. 00 • i.~OOOO 
6.00 • 16667 
7 .. 00 .. 14286 
8.00 • 12Ei00 
9.00 .11111 

10.00 .10000 
11.~.00 .. 08333 
14 .. 00 • 07143 
1t) .. 00 .. Ot>i.~r;o 
18 .. 00 • 05Sl7i6 
23.00 • 04:~4B 
28 .. 00 ., o:~F)?"1 
31.00 • 030~!0 
3B.OO .02632 
4::l. 00 • 0£~~~26 
48 .. 00 .Oi.'Ofn 
f:)3. 00 .01887 
SB,OO .01724 
S'O. 00 ..01111 

FERRI ~)--I<NUWL.ES 
HVOHSL.EV 
BOWLFH·-RICE 

0 9.43 
~:JO 10. Ei9 
60 10 .. 45 
90 10 .. 4-3 

120 10. ~JS 
1SO 10./..'Fi 
180 10 .. 20 
210 10.1:~ 

£~40 10 .. 0~~ 
270 10.0() 
~H)() 9.97 
:360 9. 9::J 
420 9.06 
400 9. 7ti 
5'•0 9. 7\:) 
600 9 •. 73 
li.~O 9.70 
84·0 9. 6~J 
960 9.60 

10f!O 9 .. SE: 
13BO rl" E)~) 

16HO 9 .. S1 
·~9BO 9.S1 
22UO 9 .. r:; ·~ 

I.~E::no 9.51 
28BO 9 n E) ·1 
~l1 no 9.S1 
3lt80 9 .. 51 
t=.-4-00 9.42 

COOPER, UREDHOEFT, PAPADOPULOS 
@@NOPH 

.00 . 0000 
-1 . 16 - "'+f.)E:/ 
- 1 .02 ·-· • 1+ 1 ~~ ·~ 
-1 .0() -·. 4-04-0 

- .. 92 - u :F 17 
-. B:C:~ - "3~·3 'i ~:-: 
-.77 - ':) 1 1 1 . .. , 
- .. 70 - .. 2lJt.:~r~ 
-.60 ·-· . 24?..!f 
- fl ~17 - "c~::~c·::~ 
_ .. " £)4 ·-· . ? ·i82 
-· .EiO - . 2 () /.: () 
-" 4~~ -· n 1737 
- "31~~ - " 1 ::~~ ~) ~~) 
-II 3L~ ·- . '17~~):~ 
-II 3(;• - . 1?1? ...,..,. -· 109 ·1 -.J:.I . 
- .. 20 - . or:ou 
-· " 17 - n ()f., f) 7 
-- 1 r:: -- (;r(,(;lf> . ,_, 

" - 1 r) -· () ..'J( [~ ~-) 
" £. " 

- .. Of0 - It ():JI. .. ~::; 
- .. on -· " ()3L:~3 

- r ou - II (J ~;3 /..~ :•:: 
-·. OB 

_ .. 
r. () ~3~? :3 

- . ou -- •. () :~ :? ::.: 
-·. OfJ - .. (\ ·".) ... \ '"\ 

,, .. tL..J 

-·. OB (' ,., ,., ' ' 
- 11 )\'.t/. .. ·.'~· . () 1 ., () CJ 4 () 

UlriTPfA~t·FZP LOT ..JHOb 
Ut'i ·rHf2l >*EZP I .. OT . .JH06 
LIMTH(:1~<LZP LOT .JHOl 
Ut'ITR~,r.·EZP 1...0·1·.JHOtl 

• 

• 

• 
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WELL !DENTlFlCATION- 602 
DATE OF FIELD TEST- 4/2l/6S 
LENGTH OF CONTR1Bw7~~G lNTERVAL,(L)= 10 
BOUWER-RiCE METHOw 
FOR WE~L RADluS(Rc)= .063 
BOREHOLE RADiUS(R~)= .276 
HEA~ AT To(Yol= 2.5 
TIME TO HEAD ~EASJ~E~E~~(t)= 33C 
HEAD Ai TJ~E t(Ytl= .~9 
D!S.ANCE ~RO~ WATER7ABLE TO BOTTOr. o~ OCEN OR SCREENED lN":'ERVA~(L~l= 25.5 
D!S":'A~CE ~R011 irJATER":'A3~E TO J!'~CER'f:EA3LE SOJf\:Jt.Rv(;.;)= 26 
llllllllllllllltllltllllllllllllllllllllllllllllllllllllllllllllll 
•j.:: ~z.; '":;: t.~=~ ;.;\·~-z. :: ll" CO~Ji~":'!":":'Y(K)= 4 1<<99=-~~ +-+ I 
~~;~~~;~;;1.;;.~.~;. ;;~~**I**;;~~~;.~.~****.~;;;**;.;;*******'* .il· v 

llllllllllllllllllllllllllllllllllllllllllllllllllllll.lllllllllll 

~E~~ :DE~7!F!C~~iON- bGZ 
DA!E o: FiELD TEST- 4/2~/S~ 

10 

:0:( iE~ RA::L:~(·)= .~63 
BORE~O~E RAJ!',.;:(Ri= .Zit 
AND ~l~E ~A~(ic)= 6.3 
lllll***********llllltllllllllllltlllllllllllllllllltlttllltlllltl 

THE CALCU: . .ATED HY::JRAJ~! C COI\J:JC'!Vl ~Y ( K i= L 962785~-:1. t+ / r\'\ ·, n 
lllllltttllllllllllltltlllllllltllllllllllllllllllllllllllllllllll 

~{, 

= 3.11--;. IO .f-t/su.-

111111111111111111111111111111111111111111111111111111111111111111 

WELL lDE~;lFiCATlON- bu2 
DATE OF FJELD TEST- B/16/65 
LENGTH OF CONiR!B~TlNG iN":'ERVAL,(L)= 10 
BQUijER-RJCE METHOS 
~OR WE~L RADlUS(Rcl= .083 
BOREHOLE RADIUS(R~)= .276 
HEAD AT To(Yol= 2.5 
TIME TO HEAD MEASU~EMENT(t)= 428 
HEAD AT TiME t(Vt)= .43 
D!S":'ANCE ~RO~ WATERTABLE :o BOTTOM 0~ O~EN OR SCREENED INTERVAL(L~l= 25.5 
DISTANCE FROM wATElHA3~~ TO l~PER!'!EASLE BOiJNOARY(~i= 26 
lfllllllllllllllllllllllltllllllllllllllllllllllllllllllllllllllll 

THE CALCULATED HYDRAULIC CONDUCT!V!iY(K)= 4.441329E-u6 f+ j ~ev 
lllllllllllllllllllllllfllllllllllllllllllflllllllllllllllllll,lll 

---· ------- -------------
--------------------- ··--

~\ 

!1t:~;/ 
=r- tf:J, 

---· ----. 

--· 

-• 



... 
lc-'2. 

IJE JACOBS ENSINHRING GROUP INC . 
....___ ADVA~CID ITI1UU OIVlSIOH. ALIUQUUQUI O,liA110HS .... r; / -.,. •;\ ;.-' 

SLUG TEST OAT A 

;J.t!/;7. 
7-· to/tli 

/.L;•L 
STATIC WATER LEVEL: 

SITE ID: (r~:)k. PI LOCATION ID: DATE:.~~;liJ.f2l TIME: J.' I .--_.., 
I I . 

SLUG VOLUME (ft.3): DEPTH (ft): ~ c··2 
/\1,.- I 

INITIAL WATER LEVEL: OPEN INTERVAL I; ,, (: .. : -y 10 

DATE: ~5-L1[18 TOTAL DEPTH OF WELL (ft): 

TIME: ,. 03 ·" WELL DIAM. (ft); . I b '] . ~· . v 
I 

DEPTH (ft FROM TOC): .8, o;_ OBSERVERS: D!:.i o~\.,~r-~ 1 S ~, t -z.. · 

ELAPSED TIME DEPTH TO WATER RESIDUAL H-h 
1/tm H/H0 or 

(MIN, SEC from t 0 ) (ft. from TOC) DON .(ft.) H-H 0 

()b 8.02 

5o $S 46 
\ ·on ~ ~:2. 

I ~-so 2.25 
""':l CD R ').0 

'2.. ~0 g : j b 
·3 ·_co 8. I 5 
3 . tl>O B . l '\ 
Y. uO ~.ll 

4-~o ~. iO. 
s. cJ 0 g. I 0 

h ·. ao ~. ul 
I ·. 00 ~ 

()-{; 

8 ·ao ~ 0& 
9 . DO ~ oli 

\ 0 cO ~ .o y 

\5 . () 0 ~ .t/2. 

COMMENTS: 



b3 
.,...t~-. ~-

r l 
SLUG TEST DATA ;?r// 

:r: .· .. . . 
SITE: MON01 MONUMENT VALLEY J--1). l. 
LOCATION: 604 
DATE: 04/21/85 • • ( 

GROUND LIATER RESIDUAL ---- ELAPSED TIME ---- DEPTH DRAUDOUN HI:TJ/HO l 
CMINJ [1/MINJ CSECJ CFT.J CFT.J CFT./FT.J 

.oo .ooooo 0 8.02 .oo .oooo ( .so 2.00000 30 8.46 -.44 -. 1778 1.00 1.00000 60 8.32 -.30 -.1212 1.50 .66667 90 8.25 -.23 -.0929 t 2.00 .soooo 120 8.20 -.18 -.0727 2.50 .40000 150 8.16 -.14 -.0566 3.00 .33333 180 8.15 -.13 -.0525 c 3.50 .28571 210 8.13 -.11 -.0444 4.00 .25000 240 8.12 -.10 -.0404 4.50 .22222 270 8.10 -.o8 -.0323 
( s.oo .20000 300 8.10 -.08 -.0323 6.00 .16667 360 8.07 -.os -.0202 7.00 .14286 420 8.06 -.04 -.0162 
J 

8.00 .12500 480 8.06 -.04 -.0162 
\ 

9.00 .11111 540 8.04 -.02 -.0081 10.00 .10000 600 8.04 -.02 -.0081 
. 

15.00 .06667 900 8.02 .oo .oooo 
-t ' 

r 

• ' FERRI S-t(NOULES 
UMTRA*EZPLOT0013 HVORSLEV 
UMTRA*EZPLOT0014 BOULER-RICE 
UMTRA*EZPLOT0015 

' COOPER, BREDHOEFT, PAPADOPULOS UMTRA*EZPLOT0016 
' 

@@NOPR 

( 

• 
• 
(. 

(· • 
( 

....... , ... _____ _ 



BOUWER-RICE SLUG TEST ANALYSIS 
SITE:MONUMENT VALLEY LOCATION:604 . DATE:04 /21/85 

... 
'"'.. 

- ~-,~ ... 
Doo. -
:.: -0 

10 -l Q -
'~ 

• 
..: 
ell!: '\ 

Q ' 

....:I ' -c 
::::::» " ,· 

Q 'C/ -~ 
DQ 
ell!: ·, 

' 
' ' 
"\ 

' ' ' 

' 
0 tOO 200 300 400 . 500 

TIME (SEC) 

% == .;;;_ 3 -1'-c-

/Or ~a'L( tlmc.. {; c ~ 
) 

1:: = /.:?0 sec -::: /.3J"iX /0-
3 J(~y 

LJ-e ~. 0. I J 1'1::-

• • 

··, ,, 

~ 
' 

' 

800 700 800 900 

c ~- 4j,;;o ..sc.c - "'i. If(./~ /0- 3 day 

'ft:- = o. o '-1 PI: 

• 

. i 



--------~ 1.tt ---~ () ~ 
- ... ------ ---- ·- ---- ----·· ·--·-------· -· 

. - -- ------- ·-····---

/!fj/;J 
i 1cl 

---·--. -----------·---------------------·--------- -----

-------·----··· ---- -·-·-··----

- -. ··- -· ------
-··--- --------

--------·-------------------·------- -. 

****************************************************************** 
w~~L !DENTl•iCAT;ON- 6Q~ 

J6:£ 0: :J:~J T~S7- 4i2i/E: 
LENG'~ o• CON7 ~:3J7 !~G !NTE~vA~,(~i= 
BOUWE~-R!CE ~E7~0J 

=o~ ~t~~ ~~::JS(~:i= .083 
30~::~·8_£ ~AS::.;:; ( ~u: i = . 2i~ 
HEAJ A' !~(¥:)= 2.5 
TiME TO HEA: w,;t.:;~~::..::l\~;t)= :z~ 
HEAD AT Tl~E t(Yt)= .lB 

15 

DiSTANCE ;:-~0~ i.IA"'E:(' A2:..E 70 3077 0"' o: o::r.; O:< SC~E::~EJ !"i'E~vA~ Lw) = 24 
D!S'l'f\NCE =RO"' ii:A7E~'AS:..: 70 lM.;:::~~:AS:..:: BOU!\DA~V(fi)= 2~ 

****************************************************************** 
... _'"A.,. .. , A·-- .... --A·' ·- -ol\-.. r·· ...... (... , LL?'7-- -- c..+/ In::. \..,:.. .. W:.. .. ::.w ~~:.JI( ..;_!\. v :.Ju~.•!Vi~' o..;: l.cc-1 :l:-u:: I sev 
***************************************************-************** 

-----------:--- ----.. -·----------
--)':: ---· ___ .. ____ - -- ·------

-----------------------------------·--· 

-----· 

----

--· 



IJ E JACOBS 9'-.GINHRING GROUP INC. 
- o\DVo\NClD IT&TIMS DIVIIIOtoi, o\LIUQUUQUI OPliA.liONS II! I (! '· ; 

1, ,1'" 

SLUG TEST OAT A 
~~ 

STATIC WATER LEVEL: 

SITE ID: Morv~w LOC~TION 10: 
I 

{;Q s: DATE: er) L'f/Li. TIME:L:5ot.. 
I 

SLUG VOLUMf: !ft. 3): DEPTH (ft): lj.. . 5_!) 
rr..c ; 1\: '-' ,' 

INITIAL WATER LEVEL: OPEN INTERVAL It rvc -:~. ,·v to IJ fli(d .... /'o' 

DATE: {is I c.r I tf: 
r 1 

TOTAL DEPTH OF WELL (ft): :? (. l'f 

TIME: 2 : 16 r t.1 WELL OIAM. (ft): . {.6 z 
DEPTH (ft FROM TOC): 1. s-o OBSERVERS: fJ ,"l,t~~ It.. . ~:dl 

ELAPSED TIME DEPiH TO WATER RESIDUAL H-h 
1/tm H/H0 or 

(MIN, SEC from t 0 } (ft. from TOC) DON .(ft.) H-H 0 

;oo 9-50 
:$0 g qLf 

.. ):Ot=:' 9_ ~-:2 
.. I ;,_ere .g S" 3 
l. :(X) 9 S"l 
7; fie, <1 so 
~~ .OD ._ 9 ~-(' 

.3 ·.So 
~ 00 

4-.s;D .. 

s.oo 

COMMENTS: Dco~ 'S } ~ ~" s ·, 30 'f; s:.,L ':/. J -:2 1 



• >:..· .&' 

.. 
. . ...... - ... .. . . . - .. - . -
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• ( • 
• 
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(. 
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( 

·~' 

r· ( 

( 

( 

SLUG TEST DATA 

SITE: MONO~ MONUMENT VALLEY 
LOCATION: 60S 
DATE: 04/22/8S 

b+ 
j?ytj! 
?-11---

• GROUND UATER RESIDUAL 
---- ELAPSED TIME ---- DEPTH DRAWDOWN HtTJ/HO 

tMINJ ti/MINl tSECJ tFT.J tFT.J [FT./FT.J 

( 

r 

( 

r 

( 

( 

.oo 

.so 
i.OO 
i.SO 
2.00 
2.SO 
3.00 

.ooooo 
2.00000 
~.ooooo 

.66667 

.soooo 

.40000 

.33333 

0 
30 
60 
90 

i20 
~so 
~80 

9.50 
9.94 
9.62 
9".S3 
9.5~ 
9.SO 
9.SO 

FERRI S-~a·mULES 
HVORSLEV 
BOULER-RICE COOPER, BREDHOEFT, PAPADOPULOS 
@QNOPR 

·<>" 

.oo 
-.44 
-. ~2 
-.03 
-.0~ 

.oo 

.oo 

.oooo 
-.'\778 
-.048S 
-.0121 
-.0040 

.oooo 

.oooo 

UMTRA*EZPLOT0017 
UMTRA*EZPLOT0018 
UMTRA*EZPLOT0019 
UMTRA*EZPLOT0020 

• 

• 
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:z: • 0 

10 - 1 Q 

• ~ 
a: 
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...::I 
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~ 
Q -en 
lloill 
a: 

> 

• 

BOUWER-RICE SLUG TEST ANALYSIS 
SITE:MONUMENT VALLEY LOCATION:605 

• 

'\" 
'CJ 

', 

·, 
' ' 

"'-
0 20 40 80 80. 100 120 

TIM I (SEC) 

Yo -- ~3 P& 

-c qo ..J(c -· /. 0 Lf~ X I 0 . 
3 

ch1'/ = 
.-<d· ...... ~ .. 

:,K.~·' • ·I 

Lj c -= 0. 0.3 /?_-

• 

DAT£:04/22/ 85 

140 180 180 200 

• 



' ' . 

-... .. 
.......... ... .. 

. -
C» 

= .......... -... -= 

... - ... ) 

•• 
HVORSLEV SLUG TEST ANALYSIS 

0 
SITE:MONUMENT VALLEY LOCATION:605 

10 

• 

• 
DAT£:04/22/85 

--. 

lo-3 +---~--~----~--~--~---+----~--+---~--~ 
0 

) 

A 

0.2 . { 0.4 0.8 

~ 
- .·, .·,.·, 
•· · ; . ) . .' ) ,• I I,', ) D ..__ .• ·-. . . 

0.8 

TillE (IIIN) 

ERROR 1 Unrecognizable command 

l 1.2 1.4 l.l 1.8 2 



-· ... ------ --- . _VJ _A ______ .b 0 1) 

----- -·· ----- --------·-·----------·-·-· --· 

- ····-·--- - - .. -- --~-
-- ---· . -·-. --·. ·---~ 

.,, 

•• 

·----------

• 

****************************************************************** 
wE~L lDEN!l~iCAT!ON- 605 
DA~: o~ FIELD TES~- 4/22/65 
~~~G~~ 0~ CONT~:s~·!~S !NTE~vA.L,(~)= 15 
BOUWE~-RlCE M~~~o: 

BORE•O~~ RAS!JS(~~)= .27~ 
~EAG A. T~(~~)= 2.5 
TiME ~o ~~AJ MEASJ~~~:~·(tl= 9: 
~EAJ A~ ~:M~ t(Yt)= .~3 
OiS~Af.;~~ F~011 WAT:~·A:~E TO so··ow ~: O;EI\ 0~ SCR~PE) :N~E~vA~(-~)= 21..5 
D! s~ AI\~~ =RO"' WAT:;-:-A3~E TO !''I:::Ek'W.EA3_E 30J~jll~.,. (:..:) = 25 

****************************************************************** 
THE CALCULATED ioiVDRAJL! c CO"iJJ:·! V! TV ( K J = 3. 59i799E-:5 .ft / se. '-
****************************************************************** 

****************************************************************** 
wE~L !DEN~::;:A•;oN- b~S 

DATE o= =!:L: ~:s-- L/22/S: 
i..EN~~;.; o:: ~0"'7~; 3~:~ :r-.G :1'-i'ERVA.~ ,(~ i= 15 
i-IVORS~EV "'E~;.;o: 

rOR WE~~ RAC:~S(·)= .~e3 
BORE~O~E ~AD!US(R)= .276 
ANJ 7;w.: LAG(r:)= .33 
****************************************************************** 
THE CALCULATEC fiYJRAJ~:C CONJ~c·rv!rY(K)= 2.78G236E-C3 /-f J W\; I"J 

**************************************************************'*** 

****************************************************************** 

;?p;;J· 
:; ·-1), 

····--. -·· -·---·· - --·-··· ··-· 

___ .... --· ---- ---



• 

fJI JACQeS ~ERING GROUP INC .. I 

&DVANCIC ITITIWI DIVIIIOH, ALIUQUitQUI 0'lUTIONI I -
SLUG TEST OATA It· 

--I .f . . 

/;Jl!j/ 
~ 

SITE ID: f.A.v~~/ LOCATION 10: {(Q 
STATIC WATER LEVEL: 
DATE: ~ S('t/?.0 TIME: 

t . I . -?-9· 
SLUG VOLUME (ft.~): DEPTH (tt): 

INITIAL WATER LEVEL: OPEN INTERVAL to 

DATE: TOTAL DEPTH OF WELL (ft): -. -
WELL DIAM. (ft); TIME: - . . . • 

DEPTH (ft FROM TOC): OBSERVERS: 

ELAPSED TIME OEP7H TO WATER RESIDUAL H-h 
111m H/H0 or 

(MIN, SEC from t 0 ) (tt. from TOC) DON '(ft.) H-H 
~ 

I~ .t~L) . ;;., '-II 
i)D.'D~ ~- 'iO 
:J..~ ... e-t) fn l ~ 
(1~:& 0 (, .!=t-
~~;~c G.3~ 
'J~:~ ,.3_> 
3(' .'()0 ,.3( 
'ie :c.c t:.~ (j • '1~:~0 /: JJ -5'!) :~ c G.lJ. . 
{'(" :~e ~-~ :l. 

. ~e~o /;. ~ ::> 

... 

COMMENTS: 

- ~o_t~ ~ ..,Fz_ • 



.- \... .. 
"J' . ,., ..::· 

·r .. . l 

•• l .. 

• c 

• 
' 
( 

( 

( 

t 

~tt ( 

• . "':· ~ ,. 

( 

• 

• ( 

( 

SITE: MON01 MONUMENT VALLEY 
LOCATION~ b10 

()rP 
.:=-9A [MTE ~ 08/20/B~> 

GHOUND Wt~lTEH 

ELAPSED TIME ---- DEPTH 
[MINJ [1/MINJ [SECJ [FT.J 

.00 .000()() 

.50 L-~ " () 00 () () 
1 "0() 1.00000 
1 "so .66667 
2.00 .50000 
2.50 • 400~) 
~~. 00 "~J~~~J' 3 
3.SO .. 2BS71 
4 .. 00 .. :1:~~)000 
4. r;o .. ~~222£} 
5 .. 00 .20000 
6.00 • 11.HS6 7 
7.00 • 14:i.~B6 
8 .. 00 • 1/:'FiOO 
9.00 .11111 

10.00 .10000 
11.00 • 0 11091 

-12.00 II ()8:3:3::~ 

14.00 .. 07 14:) 
16 .. 00 • 06/~\)0 
1!:1 .. 00 • o~·;r;E;6 
20 ,. 00 "0\)000 
i!.~~ .. 00 .. 0'tS'+5 
24 .. 00 .,Crlf1{J? 

:?6 .. ()() .. 03846 
~~0. 00 .oJ:rn 
~l5 .. 00 .. O?DS7 
40 .. 00 .. o?~·~oo 
'-l5" 00 .. 0?222 
50.00 .0?000 
55.00 .OHlHl 
60~00 .()1667' 

FEHH I s-•(NOLJI...ES 
H1)0RSI...FV 
t:: flt.,IL.EH -RICE 

0 6 .. 32 
~~0 8 .t,n 
60 B.46 
90 8.06 

120 7.90 
150 7.7A 
1BO 7.!:)7 
210 7. 4!.) 
J.~40 7. ::H 
270 7.24 
~)00 7 n 1::1 
:3(:,() l.)u9F) 
4/~0 t.>. D~7i 
'+CO I> .. 7 {; 
S40 6. 7~1 
600 6. t,l! 
660 l)" f)9 
i'2G• f.> II E;£' 
B40 6.4El 
9f.!O 1.) .. 46 

1000...: (). 1f1 
1200 6.40 
·1 ~~l :?0 6. ~)7 
1 ·~·"i·O 6.37 
1S60 6 .. 37 
1800 (J" :3\:; 
:{~ ·l 00 I>" ~~r:·; 
2400 6 tt :3ty 
i?OO I)" ~J~~ 
3000 6. 3::} 
:~:~oo t). ::l2 
:~600 6" :~2 

CiiiJPFH, AHEDHDEFT, PAPADOPULO!) 
l~l4NOPH 

RES I DUM .. 
DHt~i~JDDWN 

[FT.J 

.00 
-2~~:~(~\ 

-·i!" ·1 '• 
-1 .. 7l+ 
·-· 1 • r:-:;8 
- ~ •• 4-/..·~ 
-1. 2E) 

·-" ()C/ 
- Q•') " .. ,_ 
- .. n1 
-- 'l 6::; 
-· n ~:)3 

- .. 4A 
- .. 4·1 

,.,, ... 
- .. ,'.)L. 

-- .1?7 
-" l:~() 

-. 1t) 
- •. ·1lf 

-. ()<;' 

- .. Crf:! 
- .. ()E) 

-· n (JF;. 
- .. o~:; 
.... "c~~:; 
-. 0~~ 
- tt ();;~ 

-.<H 
- .(H 

.. 00 

.. 00 

1-J[TJ./HO 
[Fl .. /FT .. ] 

.()000 
-" 9~J~:;r; 
-" rl6·46 
- .. to::-:o 

- .. r;? ::11' 
-· .. so~~;o 
- .. 4.:':-.06 
-·. ·~·000 
-... ,371? 
.... '"J'i""'l'") 

1J ., ,It:./ .(., 

···· .. r.~··'i4'1 
-., 1//r; 

-· 1f ·1 Q~} '1 
- tt 0 ~~! <) ~ :: 

-· "(){:..!{·6 

.... " () :.::: {, 4· 

·-·" 0:20/.~ 
.... ll (J 2 0 ~;.·~ 

·- u () ·1? ·1 
-· .. 0·1?1 
...... (':rOC~ 
--- "OOl:-0 
-· ,. ()()4() 

n () 0 r~) {) 

lJ I'' IT H A·>;· [ Z P t. 0 T . ..J H 2 S 
Ul'1 TR tt·::t· L 2. P L 0 'i' ,.IH? 6 
UMTltA*EZPL.OTJH27 
UMT RA* EZP LOT ,JH ;~'U 

..s 1 i {,
:;i-{~7 



• • BOUlER-RICE SLUG TEST ANALYSIS 
SITE:YONUUENT VALLEY LOCATION:610 D•TI:OB/20/85 
r• ... 

•• • 
10 ° •• 
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COOPER,BREDEHOEFT,PAPADOPULOS SLUG TEST ANALYSIS 
SITE:MONUMENT VALLEY LOCATION:610 DATI:OB/20/85 
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___ W~ _d).Q... _ fo l o ____ _ 
lfflllfllllllllllllllfllllfflflllllllllllllllllllllllllllllfllllll 

WELL IDENTIF!CATIQN- 610 ---· 
DATE -OF f l~L.O !£5! -"----416 .... !2'""nu.lu.A5,~...._ ____ .,.-------------
LEN6i~ OF C~1Rl3JT!NG 1N7EKVAL,(~)= 
BOUW£R-R!CE KE'~OC 
FOR wE~~ RAD!US{R:)= .083 
BOREHOLE R~JiUS(R~)= .276 
HEAD AT To{Yc)= 2.5 
TIME TO HEAD ~EASUREME~T(tl= 54D 
HEAD A7 TIME t(Yt)= .41 

20 

l; D!STA~CE FROM WATER7ABLE TO BOTTO~ o: O~EN OR SCREENED !NTERVA~(~•l= 54.7 
___ __.,;· · DISTANCE FRO!f. wA'!'ERiAS!..E TO If1PERMEA3i.E BOJN~AR~'{H)= 54. i 

------- ~~ 

****************************************************************** 
THE CA~CUL~TED HYDRAULIC CONDUCTIVliY(K)= 2.215629E-~6 f+ I St'-
****************************************************************** 

*****************************************************************' 
wE~~ !D~~~:•ICA-!0~- 61G 
uA'E o: :::~o r::s'- B/2G/e: 
LEN~:;.; o:: CO!IjT~: ~~-: ~~ ; N~E~vA> U = 
:ERRIS-KI\OwLES t~.:-;.;;;: 

RECi~RO:A~ ::~E(:/~)= .33 

2D 

ORA~~C~~ (s)= :.2S 
****************************************************************** 
T"- CA' cu· AT-~ HVD~A' ..• ~ "O•'J""-1' .. -v'".- ~ L7 _____ ..,. L1. I ' .~t '- !..f"!:t:.; .1 1 !C.:~!\. L 'l·J-.:.Vl' 10:..1- ::l.c LLCL:.--~ J1 rn 1 n 

****************************************************************** 

****************************************************************** 
~=-~ : JE~F F l CA'7 !ON- 6~ D 
DA.E o: =iE!..D r::s·- E/2:/8: 

_ _____ ;,.S"JG·;.: 0" CO~:~:S~T;N~ ;N-:-E~i,iA~, (L)= 

COO~E:i<-SR::D::;.;o:=7 -PA~A.D0°J:..OS !'4E':.tC:: 
2C 

****************************************************************** 
T"!E CA:.CU~AED HYDRA:.J:..IC CONDUC'~v:TY(Kl= 3. 1313b3~-J6 f-+ } 6 e'-

,_..._..._ -- - -- --

------ -··· -----
--- ·-------- --- ---

------

---- ------ ···--· 

_************-~l*-***********************************************(*** ----·-·· -------- .... 

. 

·_·! ;---
1

. ~~L IDEN7IFICATION- 61D DATE OF FIELD TEST- 8/20/8~ 
LENGTH o• CONTRIBuTING lNTERVAL,(Ll= 20 
HVORSLEV METHOC 
FO~ WELL RADIUS{r)= .083 
BOREHOLE RADIUS(~)= .27b 

---·-·- AND Tl~E ~AG(Tol= 4.S 
****************************************************************!* . 
THE CALCULATED HYDRAULIC CONDUCT!V!TY(K)= l.b39232E:-D4 f4· /·(Y' rn 
****************************************************************** 

=- 'l. + J( I 0 - b -t+ I sec.. 

-----------------·---

• 



IJ E JACOBS ENGINEERING GROUP INC. 
- ADVANCID IT&TUU DIVIIIOH, ALIVQVIIQUI OPliAliONS 

1 

.i:': ·) ~ ;~ 

SLUG TEST OAT A 
., 

STATIC WATER LEVEL: 
SITE 10: t\10N -rh LOCATION 10: 6(2.: D,l. TE: Cfi/1)2j TIME: ; 5 ·. t"JCI ; 

/M. (zs . 
SLUG VOLUME (ft.3); DEPTH (ft): 

flt c ;- ,.,'-' ~ 
INITIAL WATER LEVEL: OPEN INTERVAL t;t:J··r::,.a, to &: a::r;,,,., 

DATE: e ~ I '-~ t.2 o TOTAL DEPTH OF WELL (ft): 2tu 
) 

TIME: 7 . ~- /.~. . ( I 1]. f-1 WELL Dl,l.M. (ft): . 16 2 
.. OBSERVERS:~- ID(IQL DEPTH (ft FROM TOC): {_(,£ '-fG 

ELAPSED TIME DEPTH TO WATER RESIDUAL H-h 
1/tm H/H0 or 

(MIN, SEC from t 0 ) (ft. from TOC) DON ·cu.) H-H 0 

·oo /~0·9~ . 
:so lbf. 89 

.. ; ·.oo 161. 'i-5 
... 

·. ·.:lo 161 tfl 
:l' ob Jb/ u5'i 

•. ""3 0 /61. 52.. . 
3>. -.,o .L Jhl i3 

'.10 Jh/ 11 
Ll . DC) Jj, I . 3rry 

' 
"30 I bf.. i2 .. 

.s· oo /t..J ~ 0 
h ·. ex) /0,1. 23 
i. 0(') lbl. :i-( 

~ c)o. lb/. 2 0 
., 

't:oo lbt. I~ 
Jf\. Co /~/. 15 

- 2.0: 00 Jbf ,,, 

lS (}o lh\ nb 
3o no )b I .Db 
1f5 ~ Jj, I /)~ 

\ 

••~u-A~~: ub Jbl · 'f.S co TS: !2 a. D E,Pt;, (.) s' £l 'p .-:. ~ ; ()0 s. ~ L '::1. } -:ll 
Prf:kr- + rlo.f(" ~~.u hnrf rcl H'tt<Vered J(') nn~rJJ ~~J.,'( 1 ' r 

G u 



. r. ... 
l. .,. ... 

t 

• c 
r 

<.. 

(_ 

( 

·-· . (. 

l 

( 

.. , 

( 

. i 

, ,. 

• 
• 
( 

---- ELAPSED TIME 
[f'IINJ [1/MINJ 

.oo .ooooo 

.so 2.00000 
1.00 1.00000 
1.50 .66667 
2.00 .soooo 
2.50 .40000 
3.00 .33333 
3.50 .28571 
4.00 .25000 
4.50 .22222 
s.oo .20000 
6.00 .16667 
7.00 .14286 
8.oo .12500 
9.00 • 1 1 11 1 

10.00 .10000 
20.00 .osooo 
25.00 .04000 
30.00 .03333 
45.00 .02222 
60.00 .01667 

FERRIS-.{NOWLES 
HVORSLEV 
BOWLER-RICE 
COOPER, BREDHOEFT, 
@@NOPR 

1 --. - - - - • - -

\ 

4 ,. ,. ... 
- , '-r- • 

C. I ~ -
(/ ..: . -

( 
..... 

. I .,..~ 

~ -; 

/}JjJ SLUG TEST DATA 

SITE: MON01 MONUMENT VALLEY j--t( J LOCATION: 612 
DATE: 04/27/85 

• GROUND &JATER RESIDUAL 
DEPTH DRAWDOUN HCTJ/HO CSECJ [FT.J CFT.J [FT./FT.J 

0 160.95 .oo .oooo 30 161.89 -.94 -.3798 60 161.75 -.so -.3232 90 161.69 -.74 -.2990 120 161.59 -.64 -.2586 150 161.52 -.57 -.2303 180 161.43 -.48 -.1939 210 161.41 -.46 -.1858 240 161.38 -.43 -. 1737 270 161.32 -.37 -.1495 300 161.30 -.35 -.1414 360 161.23 -.28 -.1131 420 161.21 -.26 -.1050 480 161.20 -.25 -.1010 540 161. 19 -.24 -.0970 600 161.18 -.23 -.0929 1200 161.06 -.11 -.0444 1500 161.06 -.11 -.0444 1800 161.06 -.11 -.0444 2700 161.03 -.08 -.0323 • 3600 161.95 -1.00 -.4040 

UMTRA*EZPLOT0037 
UMTRA*EZPLOT0038 

PAPADOPULOS UMTRA*EZPLOT0039 
UMTRA*EZPLOT0040 

• 



1 

0.8 

-... .... -
:.0 0.8 .. 
0 
c:::a .. 
~ 
11:1111 
c:::a 
....::11 0.4 
~ ,., 
:::;:::::, L- . -~ 
Q 

0.3 -rn 
IIIII 
Clll 

0.2 

0 

) 

FERRIS-KNOWLES SLUG TEST ANALYSIS 
SITE:MONUMENT VALLEY LOCATION:612 
r-

• 
• 

• • • 
• 

;· 

• • 
' 

DAT£:04/27 /85 

0 0.2 0.4 0.8 0.8 1 1.2 1.4 1.8 1.8 2 

TillE (1/IIIK) 

ERROR 1 Unrecognizable command 

• 
_/ .;- o .. ~;: ., Jlr) - J 

c 
0 

,..,..,...- ;\-
5 = ... ;),j f-.:: • • 



1 

0.8 

0.8 -.... .. .._ .... ... - 0.4 
C» 

= .._ 
.... -= 

0.2 

0 

) 

• 
COOPER,BREDEHOEFT,PAPADOPULOS SLUG TEST ANALYSIS 
SITE:MONUMENT VALLEY LOCATION:612 DAT£:04/27/85 

1 
10 

4 -~. 

2 
10 

• • 
• ~& • 

1~ 
TIME (SEC) 

• 

;::'· ,_ / :J :J ' \'(' ,:--

• ... • 
3 

10 

• 

.. 

• • • 

-::· :-.~~ ...... -

• 

4 
10 

i 

I 
I 

' ' 
l . 



. 

fJ£ J.AC06S ~~ GROlJ' NC. f/t!/~- f7 ADV.l.MCID IUniiU DfVIIION, AUI.IeUIMUI OnUTlONI ------ " ~ ,.. "" .... 
SLUG TEST DATA 

~ .•.. r- .' .'!1 ~ 

&tZ 
STATIC WATER LEVEL: 

ITE ID: /t;c!J- ¢1 LOCATION ID: DATE: ~i:-~-z ~ TIME: lf5r-" 
SLUG VOLUME (ft.S): a.os~ DEPTH (ft): lie) ·1r· . 

INITIAL WATER LEVEL (AT t 0 ): OPEN INTERVAL (ft.) to 

DATE: ,~~-:~ TOTAL DEPTH OF WELL (ft): 

TIME: J-l,' 30 b WELL DIAM. (ft): c ((=:? 
I 

DEPTH Ut FROM fOC): Lt I. 3;}. FIELD REP: J) (YV I~ ( 

ELAPSED TIME GROUNOWA TER AESIOUAL H-h 
(MIN. from to) (ft. from TOC) 1/tm H/H0 or 

DDN (ft.) H-H 0 

:o / {i_j. CJ f. 
,- -· J ..} 

~uv -
r/,5.: nz. tf: 

:J'.Dd I/., I. 85 
. ..,~ Lc; It. ' 1~ 

· < DO l t- I 1- p., - j!:,l.bl ~-~ 

lt' 0 0 it.l .53 - If. I. ~'1 .~ 

5.'00 I~ I "'S 
b: 00 lbi.J5 

-=J-: nn f{-1 '3i 
R: an :t~l ,i1 

. 

• 

. COMMENTS: })yt:Jffru/ .$/' 0 Lt:3op . (!s/._9/.!P 
) I 

. c;.[!C'!.c,k:, j~ t:.~ It ll. o ' t·o IJ a · L.h. a. 22 ' S -k..J./c 
r t , ; 



.• t . .,.-·::. "" 
. •.. .& 

/1-........ .,! 
.-.;,/ .,. .. . .. SLUG TEST DATA (Jq ·1 .. 

(_ j/ 
SITE: MON01 MONUMENT VALLEY . ,. 

t 
LOCATION: 612 J-1/) 
DATE: 08/25/85 

• • (; 
GROUND l..lf-'TER RESIDUAL 

---- ELAPSED TIME DEPTH DRAWOOWN HCTJ/HO 
[I'IINJ [ 1/I'IINJ [SECJ [FT.J [FT.J [FT./FT.J 

• .oo .. 00000 0 160 .. 97 .00 .0000 

~ 
1.50 .66667 90 162. 16 -1.19 -.4808 
2.00 .50000 120 161 .. 85 -.88 -.3555 
2.50 .40000 150 161 .. 72 -.75 -.3030 

l. 
3.00 .. 33333 180 161 .. 68 - .. 71 -n2868 
3.50 .. 28571 210 161.61 -.64 - .. 2586 

4 .. 00 .25000 240 161 .. 53 -.56 - .. 2262 

(_ 4.50 .22222 270 161.49 -.52 -.2101 
5.00 .. 20000 300 161 .. 45 - .. 48 -. 1939 
6 .. 00 .. 16667 360 161 .. 35 - .. 38 -. 1535 

( 7.00 .. 14286 420 161.33 -.36 - .. 1454 
8 .. 00 .12500 480 161.33 -.36 - .. 145'• 

( FERRI S·-~{NOWLES UI'ITRA*EZPLOT JH33 
HVORSLEV UMTRA*EZPLOT.JH34 

\ 
B QI.JLER -·RICE UI•ITRA*EZPLOT . .JH3S 
COOPER I BREDHOEFTI PAPADOPULOS U~lTRf.'*EZPLOT JH36 

.i 
t4(!~NOPR 

i • ~ 

( 

( 

( 

·- ( 

r. 

( • ( 

( 
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11001 Y
80 
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• 
~ 

\.1' ~~ 
()) ~, 

0.5 ~~ 

0.4 

0.3 -... .. 
......... ... .. - 0.2 c::. = ......... -... -= 

0.1 

0 

) 

• COOPER.BREDEHOEFT.PAPADOPULOS SLUG TEST ANALYSIS 
SITE:UONUMENT VALLEY LOCATION:612 DATI:OB/25/85 

l 
10 

~ 

2 
10 

Till (SIC) 

• 
.. 

• 
• 

• • 

• • • 

• 

3 
10 



•• 

---------

• 

--------~--

... 
------ ---- ---

\)) ~ " l1.. -- --- . 

****************************************************************** 
w~LL IOENi!F!C.TiON- b:2 
QATE OF FIELD TES~- 4/27/85 
LENG~~ o: CO~TR!3~~!NG INTERVA~,(Ll= 2~ 

FERR!S-KNOW~ES ~:~~c: 

FOR: D!SC1ARG~iC)= .05L 
RECi=~OCAL ~!~E{l/~i= .22 
ORAWJOW\ (s)= .37 
****************************************************************** 
-:-:.:: C4.CJ~A ~:: :.:n~A:.:~ i c co~JljC' 1 v: ~ .. i ~; = ~. 2775~ :: -Gt .f. \- / vY" i ~'~ 
****************************************************************** 

= 1- \3 '/. I 0 · '- .r; / "e-
' I ~ '-

****************************************************************** 
~E~~ IDE,...-:-;:;cA·;o~- b:2 
DA7E o: FlE~D T:s·- 6/251:: 
~E"i~-;.; o: C0!\!~:3i..'!!NG ;t.;~=::tvA_,(~)= 2: 
::~~:S-KNO~~ES ~:;~o: 

=~;: D!s:;.;t.~s::G:= .:s' 
~~:i=~c:A~ 7iM~(l/:l= .22 
DRA~:C~\ {s)= .S2 
****************************************************************** 
T .. - ~,..,. .. A--- ...... ,, .. , '" !'I"L'- .,..1' .. -Y(V) 0 -9-·-·- ,.- ( 1 I . 
. ~: \... .. ~\.....;~ ::.!.; ._.!Ut(~J!...H. \...V!-.~~\o .• Vl' ~: 7.U J!'1b:--~:'! .,-T ~\~ 

********************************************************•********* 

****************************************************************** 
WE~L lDEN'lF!CAiiON- b12 
DATE o: FIELD iESi- 8/25/e: 
LENG;:.: Of CONTRIBUTING HiTERVA~,(L): 2Ll 
COO?ER-BREDEHOEFi-PAPADOPU~OS METHOC 
=oR:WE~L KADiuS (R:I= .083 
TlMEitl= l2C 
****************************************************************** 
THE CALCULATED HYDRAULIC CONDUC7iV!TV(K)= 2.87041bE-06 f t !'sec 
****************************************************************** 

---------------- ---. 

----------- -·· ·----------- - --- .. -

-- --------··------------ -------------



( 

fJI JACOBS ~ERNG ~ NC. /?t! 
A.DV.t.MCID IYiftMI DMitON, ALIU.UINUI O"IATIONI 

" ';I. 1--111\ ------... 
• w ; R f~ .. ( 

SLUG TEST DATA -" 

. 
SITE ID: ~f\t ( LOCATION ID: (, .f',:S 

STATIC WATER LEVEL: , 
DATE: &s; / t.n /C) 9 TIME: Lf · ]O a 

' I I 
SLUG VOLUME (ft.l); Q,,iH2 DEPTH (ft): J {;. I 'f . 
INITIAL WATER LEVEL (AT t 0 ): OlEN INTERVA~Cft.) r;8.CJ to 7-$. 0 

F r o ""' -n..:> L.-

DATE: g~ j,o /J-.1-
TOTAL DEf..!_HT~E) WELL (ft): SlJt Q 80 

r I 
TIME: l~,oo ta~aQ. WELL DIAM. (ft): t ~ ~ 3. 
DEPTH (ft FROM fOC): ~>,>~ FIELD REP: £1',-fLs 

ELAPSED TIME GROUNDWATER RESIDUAL H-h 
1/tm H/H0 or (MIN. from to) (ft. from TOC) DON (ft.) H-H 0 

:co l ~. L'f 
.~ :? )., ~9 

I.e .JL-f ~r 
.{ J tf ("J? 

~-C) 1 Lj l ?-"' 
( I~ ]'i.. l'~ 

J.o "J'f, Yt--
.~ :J{',c;:s 

'if!) js- ,0';> 

.~ s~~D -~ 
s.o ~~I (I 
(,. 0 J.t't ll 
?.o )S I 1'-f 
f'.c ~.{"', ( '-1 

. 
COMMENTS: 

. • 
.JEG·AL•ENG•I (Ill•) 



.:.· .4: 

·r .. . . . . . 
' ' 

l 

••• 
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l 

•• ( 

( 
\ 

( 

( 

.. 
( 

( 

( 

• ( 

( 

( 

SLUG TEST DATA 

SITE: MON01 MONUMENT VALLEY 
LOCATION: 653 
DATE: 10/27/HS 

GROUND WATER 
ELAPSED TIME ---- OEPTH 

CMINJ [1/MINJ [SECJ CFl .• J 

.00 .00000 

.so 2.00000 
1.00 1.00000 
1.50 .66667 
2.00 .50000 
2.50 .40000 
3.00 • 3333:1 
3.50 .2BS71 
4.00 .25000 
4.50 • 222/:~2 
s.oo .20000 
6.00 .16667 
7.00 .14286 
8.00 .12500 

FER I~ IS·-·~( N 0 W L E S 
H~JORSLEV 

0 35.14 
30 3:i.79-
60 34.35 
90 34.58 

120 34.76 
150 34.89 
1BO 34.97 
210 35.03 
240 35.07 
270 35.09 
300 35.11 
360 3~.). 1 :~ 
420 35. 14 
480 35. 14 

13 OWL.Ei, .... R ICE 
COOPER 1 BREDHOFFT 1 PAPADOPLH .. OS 

RESIDUAL 
Dl:tAWDOWN 

CFT.J 

.oo 
1.35 

.79 

.56 

.:38 

. r.~s 

.17 
• 1 'i 
.07 
.Ob 
.0:3 
.<H 

Hi:TJ/HO 
[FT./FT.] 

.oooo 
• S4/.!.')' 
. 3177 

,., ...... r·· .... 
.c.r..,:;.r.. 
• ~!32H 
.100b 
"()l)}:~4 

• ()4ft/.!. 
a()/.~ B ~~ 
.o:?<)··i 
.O·L?·i 
.0040 

.00 .oouo 

.oo .oooo 

Ut'ITHA,i{·FZP l ... f)TI~.~ 5 1 G ~· 
l l t"l. fi ~:. * c· z· f' I rr'u.+-·" ':· :; \ (, (, - ., .h r. ........ lf'l···~ .J 
Ul"'TI\A :a:F::Z? 1. .. 0·1·1·11~ ·~ 't ~' <t 7 
Ut'ilr{{,j(L:?.Pl.D'i'H4 ·i~ .S I f.li' 

•, 

·-.- . 
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:.: -0 
Q ... 
~ 
aG 
Q 

....a 
~ 

c:::l> 
Q -v.a 
IWI 
aG 

) 

• 
_ ~B 0 U WE R- RICE SLUG TEST AN A LYSIS 

10 -I 

I SCODE:YONOl LOCATION:653 
-. 

--
• 

0 50 100 

0 Y'{. r cj..,l r I t 

•• 
'· 

" 

~' 

150 

TillE (SIC) 

• 

200 

' 
' 

---., 
'-.... . 

250 

• 
DlTI:l0/27/85 

~ 
' '-.... 

' 
~ 

300 350 400 
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·---------

------------L)JJJJL=--"-5 -~---
----------------------------------

--------------------------------···-- ---

;, ... · 

~ ., 

****************************************************************** 
WELL lDENilFJCAilO~- 653 
DATE OF FIELD TES'- i0/27/85 
LENG~H OF CONTRiBJ•:~G lNTERV~L,(~)= 20 
HVORS~EV !olE'HOC 
FOR W£~~ RAJ!JS(~)= .167 
BORE~O~E RA~!US(R)= .33 
~ND ::~E ~AS{~~i= :.j5 

****************************************************************** 
iHE CA~:J~li'E~ riYDRAJ~:c CONDiJC'IV:7v(K)= 2.i254:b:-C:5 t+/ VI"\· n 
111111111111111111111111111111111111111111111111111111111111111111 I 

~ 4. ; ; i 1 o- S ft I s,e"' 

. ****************************************************************** 
WE~~ iDEN~:•iCA'!O~- 653 
Dt.~E o: :;::~: T£57- ::i2iiE: 
LE~~~~ JF :oN•~:s~~!NS !N~E~~li~,(L)= zn 

=oR WE~~ ~AJ:uS(~:l= .:67 
SORE~O.E Rt~::~S\~~i= .33 
~EliJ ll~ ic(V:)= 7.5 
Tl~E TC ;..;£6J ''EASJ:Pl:~-(d= ~::~ 

~E AS ll' - ; ... £ ~ I '{ ~ l = . z: 
u:s-:A~:: •Ro~ ~A~E~~ASLE TO BO•~ow. o: O;EN OR SCREEN£: l~~E~v~.(~wl= 44.9 
DiSTANCE FRO"i l.JliTERTASLE TO l~;:ER'•EASLE 30~NuARY(Hi= 57. i 

******************************************************************; 
THE CALCU~ATED HYDRt.~i_!C CONDJC'!Vl·v(K)= 3.327i21:-D: -f--t sec.. 
****************************************************************** 

- -· ----------------------------- --- ·---- ·-· -- ·---- . ---

-----------------------------------------------------------

----------- •. - .. 

-------- ---·------------·-·-- --- ... --------·--·------ -------------· 

----- ---- - ·-. ------ ----

•• 

- .• 



.. ·, -· 
flq)j 

fJE J.6.C08S ENGMERNG ~ NC. ~ 
I . . . ~ ·~·. :;-f!; ADV.U.CID IYITIIIII DMitON, ALIMUIMUI OPIIAnoMI 

~ 

• SLUG TEST f2AT 6 . 
SITE ID: MQ~ ~/ 655 

STATIC WATER LEVEL: 
S'":J~p LOCATION ID: DATE:!~ £tc~ a:z TIME: 

I 

~Cf-~z SLUG VOLUME (ft.l): Q' i~J :z DEPTH (ft): 

INITIAL WA TEA LEVEL (AT t 0 ): OPEN INTERVAL (ft.) ~~ to 6! 
~Sl1Dll3 

l_ F rcr<\ 11..)( ) 

b3 DATE: TOTAL DEPTH OF WELL (ft): 

2='1s 
( fr:""'- roc..) 

TIME: WELL DIAM. (ft): o 333 
DEPTH (ft FROM fOC): 3~. 2.3 FIELD REP: t · Q) ll~ /V:c., 'tf_s 

r 
ELAPSED TIME GROUNDW A TEA RESIDUAL H-h 

1/tm H/H0 or (MIN. from to) (ft. from TOC) DDN (ft.) H-H0 

:<r> () ?'j, ~ ?-

' :? ~ (0() 

/J'A :! i II 
/,f' 1 ~ ~ :l 

.J.C< ! + J ~ 

• ~ ~- 3+ '-II 
s.o J'~ 51 
~~~ J7 .~9 
4.0 .~~ h 1f 
w-. (" l7--. ~ ~ 
b:.o ~ ?-- r( 

t:.~ j~ 'f? 
:;.., Jt .o~ 
(.C) >l lf:t 
f,D Jf L ~6 

1~&0 J f."' f' 
I:J .tJ l g ,"il_ 

I~.I!J 1 f ''it 
I r ·" 3r.rs-
li.~ )g ~lr> . 

COMMENTS: f.,.a~ ~ oP~ 



fJE »CC8S ENGt..£ERNG ~ NC. 
ADYAMCID IYITIMI DMitON, Al.IMUIMUI O"IATIONI 1: ... --(. 

. 

(t>rl1 SLUG TEST DATA 
I . 

SITE ID: {\'\Ql\} d:>J LOCATION ID: b.55. 
STATIC WATER LEVEL: 
DATE: TIME: • 

SLUG VOLUME (ft. I): DEPTH (ft): 

INITIAL WATER LEVEL CAT t 0 ): OPEN INTERVAL (ft.) to 

DATE: TOTAL DEPTH OF WELL (ft): 

TIME: WELL DIAM. (ft): 

DEPTH Cft FROM fOC): FJELD REP: 

ELAPSED TIME GROUNDWATER RESIDUAL H-h 
(MIN. from to) (ft. from TOC) DDN Cft.) 

1/tm H/H0 or 
H-H0 

}(t:; . 0 3B.-=t-J 
~~ /') (.)~.~ 
2o.o ~i5 .82. 
2l.D 3u .qn 
2.Lf. () J>8 ·'15 
L'n.O 09.0J 
Js.o ~·.oq 

{ • J~.oo :Jq. I I 
7j. O'D 3?. 1'9 
"18.0 Jq 1-::J 
5.3. 0 ~9.2.0 

l:,o. 0 Jq. 2L> 

. 
COMMENTS: f"'~ a ~ !)e~ 

l. • 



• 

• 

• 

l 

SLUG TEST D{~TA 

SifE: MON01 MUNUMENf VALLCY 
LOCATION: 655 
DATE: 10/24/85 

/2!1/j 
}- -1 J--

GROUND WATER RESIDUAL 
r ---- EL.AP~3E:O TIME ---- DEPTH DI\AI.JDOWN HI: T 1./HO 
~ [MINJ [1/MINJ [SECJ [FT.J [FT.J [FT./FT.J 

• .00 .00000 0 39.27 
.so 2.00000 30 37.00 

C' ""00 1.00000 60 37.11 
1. 50 .6661.>7 90 37.22 
2.00 .50000 120 37.32 

( 2.50 .40000 150 37.41 

3.00 • 3~j333 180 ~~7. s 1 
:3. so • 2B~)71 210 37.59 

(. 
4.00 .25000 240 37.68 
4.50 • 222£.~£: 270 37.74 
5.00 • £~0000 300 ~~7. 85 
6.00 • 166/.,7 360 37.97 
7.00 .14286 4£~0 38.07 
8.00 • 12~)()0 4BO 38. 19 

c 9.00 .11111 540 3B.26 
., 10.00 .10000 bOO 38. 3E) 

1··1 • 00 • 0'·/091 660 38.43 

( 
12.00 .08333 720 38.4B 

13.00 .07692 780 ~3}3. 55 

1'+. 00 .07143 840 38.60 
... 16.00 • CJ<S2SO 960 38.71 

' \ 18.00 ' • 05556 1080 3C. 7,s 
c.o.oo .ObOOO ·1200 :~8. 82 

l 
£.:2. 00 • 0454E> 1320 3B. s·o 
24.00 .04167 1440 ~=:8. 95 

~: 28.00 • 03E)71 16E!O 39.03 

( 
:-r~ . oo .03030 19CO :39.09 
38.00 • OI~C)~~2 2280 39.11 

'+3. 00 .02326 2580 3'1.17 

f 
48.00 • 0208:~ 2880 39. 17 

S3.00 • 01887 3180 :39.20 
60.00 .01667 3600 39.20 

( 

FE H 1\ IS·-· h N 0 W l.. E S 

(; 
HVOHSLE\..1 

BOWLER·-·RICE 
COOPER, BREDHOEFT, PAPADOPULOS 

• @@NOPR 

<"' 

( 

( 

( 

- . ~ - - . - - - ... - . - - . . 

.00 .0000 
2.27 • s· 129 
2. 16 • ~3(:.~36 
2.05 • 8?.4ti 
1 .95 

:·'.;)A •. ..,. 
·'''·~£.. 

1 • 81.) .74BO 
1 .76 ,./()7~~ 

1. 6E: .6756 
1 .SS' • (:.:]94 
1.53 .61b3 
1 . 42 • !;)/ 1 ·1 
1 .... ~ . ..... ~) • sr.~:c~~) 
1 .?0 I ,· ·, ····, I 

"' ·~f) l'. \.) 

1 .08 n4;~4;~ 

1 .()1 . l}062 
.92 • ~::? 0(":1 

.B4 q ~3:3? ~~ 

.79 '"'1. .. 1'')' 

• ''"I/ I 

• i·r.. • '?::lC,'f) 
.6"/ • 2f·'1'•4 
.S6 • ::?2h2 
• 5 ·1 • '20b ·i 

41::" • ·~> . -~ :] ·1 () 
,., ··;· . ,,, . -i ~~ H F~ 
.,,., . '"'").(:. . ·i·/:~v 

• £:4 • os·t:,F; 
. 18 .07?A 

" 16 • 06A:~ 
. 10 • 040:? 
. 10 • C'fi C<C: 
.07 n (i~:::--;2 

o·r • I 
o.-........ , .. r. ('1/: 

UI~TRA~·FZPI...UT!I 1;:1'~ 5\ 7] 
ll "'ITFI ~ :;;r~·,f:o' n1···•t:~ ~, 7L/ 
. •· .ti r.... 1... n t"T.. ·• v 
lJl·r~·T·uAxl~-·z·:'l r ·u.~·? 7.:>-.• r' .... 1 .• .JI••~51 

U"'ITI··, A. l .. ..,1. I ( ..• 1.'1' •.... s 7/. r ·•.t;ji·r.: 1 .. ··' L.. I r· ~ I V 



• • 
BOUlER-RICE SLUG TEST ANALYSIS 

SCODE:MONOl LOCATION:655 D!TI:10/24/85 
..... 

'· ... ... -. • • & 

• • ... 

• .. .. .. • 0 
c:a .. 

10 - 1 
~ 
ICIIS 
c:a -
~ 
~ 
b 
.::a -en 
Dill 
ICIIS 

i 

0 500 1000 1500 2000 2500 3000 3500 
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-- ------ ·---- ----------------- ---. --

---------- -------

****************************************************************** 
~ELL ~O~,~i~lCATiON- 6S5 
OAE OF FiELD TEST- lu/24/8: 
~E~G:~ o~ CONiRI3~T!NG ;~·:~VA~,(Ll= 2D 
BOJwE~-RiCE MET10J 
•o~ ~E~L RAD!US(~c)= .167 
BO~:~o~: RAJiUS(Rwi= ,jJ 

~EAD ~~ To(Vc)= 2.5 
TIME TO HEAD MEASJREME~'(~)= 48~ 
~EAD A' ·:ME ~(Yt)= 1.08 
J:s·~\CE F~CM i.iA~E~~~a~E "'0 30i:OM 0~ OPE~ 0;( SC~EENED INTERVAL(~~~:)= 23.7 
D! ;-:-~"iCE •ROM W~"'E;r AB~E TO lM"ERfo(E'£o8~E BOJNJA;.w ( "i)= Z:: .I 

****************************************************************** 
rr;: CIILC\.L.Ar::o i-OYDRA~~:c co~oucr!V!TY\Kl= 3.902925:-ct- f.+/ 'e'--

. . ************************************************************~***** 

****************************************************************** 
WE~~ I J~ \-r!:: ~ ~"': ~•'\- 655 
DATE O• i='lELD TES'- i0/2~1:~ 
LE~GT~ o: COK~~:a~::~G iNiERVAL,(L)= 2: 
HVORSLEV ME 7r;O: 
;0~ ~E~L ~~J:JS(~i= .167 
BOREMOLE RADIUS(R)= .33 
AND ~!~E LAG(To)= lu 
****************************************************************** 
THE CAi..Ci.LA7ED HYDRAULIC CONDUCTIVITY(K)= 2.661687E·ui. t+ /~; 
****************************************************************** ~ 

-- .. --·--·--·· ------ ---.---
------~ ----- ------- ------ - . --- -- -- -

'" .. ·-· ·-· ----------

-·- . ··-·---;:;,;- -·-·- --· - ··-----------

•• 

---· 
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. } _, , 

~E JACOBS ENGNERNG GROliJ NC. 
Ill t ADYAMCID ann au DMitON,I.LIU.UIMUI OPIIATIONI - ~'- - " . 

SLUG TEST DATA 

SITE ID: f!'lcdt.J il LOCATION ID: b5b 
SLUG VOLUME (tt.l); -~O,'-'¢il:l..jt[,j7:.,__ __ 

INITIAL WATER LEVEL (AT t 0 ): 

DATE: ~ /lo/z'4 
TIME: I 0; eo A 

DEPTH (ft FROM fOC):_s)=-S~._,.9e.___ __ 

ELAPSED TIME GROUNDWATER 
(MIN. from to) (ft. from TOC) 

soo 35.CJJ, 
too -

l; 00 3s.oo 
:so ... ~5. 2+ 

z:oo .\5. 31, 
:5o 3S .. 5t:, 

3:00 35.b3 
:50 JS-bh 

-~:a:> c35.1-5 
;.so _05.19 

5H:o .~5'.B5 

:50 35'P>8 
6:00 3S.M 

: 5!J as Bf-l 
+··Do 35.CJ, 
P-.:oo 8!1. "'I 
q.·oo ~.CJZ 

lo,·.-.:-~o 35.'13 
11: 00 2SJ)f 1-/ 

IZ .· ~() ~-q" 
COMMENTS: 

STATIC WATER LEVEL: 
DATE: 85/tc/2'/ TIME: ': 15ft1. 

DEPTH (ft):_.wd"""5 ..... Cf.~.~~ls-:..---~---
OPEN INTERV"AL (ft.) =it {,i to 

l~n~ IOC..I 

TOTA~ DEPTH OF WELL (ft):_.~~...w;4,_&?"-
(. rv....,.'\. ~OL.. J 

WELL DIAM. (ft): __,;,•~3~~---__;....--
FIELD REP: 1\ ./Otlbr /;r. fuft \ 

RESIDUAL 

DDN (ft.) 
1/tm H/H0 or 

• 



._ ... ;-:-. 
'I·. (_ .,. .. . 
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(_ 
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( 

( 
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• ,. 
c 

·{ 

( 

( 

SLUG TEST DATA 

SITE: ~10NO 1 MI)NUI"'IENT tJr.JI ... LFY 
LOCATION: 656 
DATE: 10/24/85 

GRGUND WATER 
ELAPSED TIME ---- DEPTH 

[MINJ [1/MINJ [SECJ CFT.J 

.oo .00000 0 35.96 

1.00 1.00000 60 35.00 

LSO .66667 90 35.27 

2.00 .50000 120 35.36 

2.50 .40000 150 35.56 

3.00 . 3333~{ 180 35.63 

3.50 • 28~)71 210 35.66 

4.00 .2SOOO 240 35.75 

4.50 .22222 270 35.79 

5.00 .20000 300 3S.BS 

5.50 .18182 330 35.88 
6.00 .16667 360 3E.\. E~f-: 

6.50 -\··-,-.,....- 390 35. t3l3 . .:,:)~(.")~ 

7.00 .142(:6 4£.:0 3E\.9'i 

8.00 • ·12500 4BO 3~:).91 

9.00 • 1 1 1 1 1 540 35.9? 

10.00 .10000 600 3~5. 93 

11 • 00 • 0909 'i 660 3E\. S'4 

12.00 • 083:~3 720 :35.96 

FFRH I ~)--l<t-JCJlJLES 
H'-,.IORSL.EV 
BOWI..ER-RlCE 
CODPEHI BRI:~OI-IDI::FT I P ~.PADDP ULOS 
Cf! 1:<'NOPR 

RES I DI.J{1L 
D I{?-, tJD Okl N 

[FT.J 

.00 

.96 

.69 

.60 

.40 

.33 
• ~~0 
.21 
.17 
• 1 ·1 
.08 
.08 
.08 

(' t"" . ) •.. ) 
.OS 
.04 
.03 
. or.~ 
.oo 

HLT 1/110 
.LrT. /FT. J 

.0000 
• :~B61 
• £.~77!~) 
• 2'd:3 
• 1l'l09 
• 1:3~?? 
• 1 ~~06 
.OE::AS 
• 0Ml4 
.044£: 
• \) :-l2 2 
. o:~ E.~ c~ 
,OTC:2 
• 020 ·i 
.0:?01 
.<H6'i 
.0121 
.OOBO 
.0000 

UMTP.A·:t.F:?:PI..OTH '1?4 ~\"11 
LH'I l"RA~·EZF' UH!~ ~ 1 '7 g 
Ut1 T H {':,·:•: F Z P 1 ... C.1 T 1-~ ::>I 7q 
1.11'1 T H A-~ F Z P 1 ... 1. l ll +44.Z- S\80 

J.) 

/JI(ji 
J~{A 

• 

• 

• 



• 
v -0 

. ., 
0 

p :.. 
-.
~ ,. t 

N
 

0 
... 

0 
·:; 

- -= ... 
,+

--
\I

 
-en 

• 
II

II
I 

V
I 

n 
Q

 
--

w
 

0 
~
 

0 
(
' 

' ,
_- +

 
.._

_, 
.. 0 

Q
 

0 

-t
 

C
) 

-0 0 

• 
..

a
 

0 0 

-0 I N
 

RE
SI

DU
AL

 
D

RA
ID

O
IN

 

I 

I 

-0 I - 1 .
. 

... 
I 

,. 
~
 

... 

I 

-0 0 ~
 

.. 
-

-
=
~
 

0 
t-

o
 

z c::
:>

 
U

,l
 

.,_
. 
e
-

c
: 

C
"l

 

~
 

t-.
::1

 
C

l'l
 

e
-

t-
-3

 
0 ~
>
 

>
z
 

..
..

:I
>

 
-
~
 

0
~
 

z • 
• 

U
,l

 
0

)


C
J'

1
U

J 
0

)
 

'=
' .....
 ... II

II
I -0 .....

.... 
N

 .. .....
.... 

C
D

 
g

, 



-... .. -... ... .. -
0 

= -... -... -= 

> 

• • HVORSLEV SLUG TEST ANALYSIS 
SCODE:MONOl LOCATION:656 DATI:l0/24/85 

l0°!=====~=====E====~======E=====I=~==3 

I . ·,, 
' • "·· to- 1 +-----~-------r------~-----+------4-----~ 

-
6 

•• A 

to-2 +-----~------~------~----~------~----~ 
0 2 4 8 10 12 

Tllll (IIIK) 
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• 

• 

****************************************************************** 

SLUG TEST SOLU~iONS 

****************************************************************** 
wELL !OE~i!F!CAT!ON- b56 
OATE OF FIELD TEST- 10/24/85 
LENGTH 0~ CONTR!BUT!NG !NTERVAL,(L)= 20 
BOUwER-RlCE METHOD 
FOR wELL RAJlUSIR:l= .lbi 
BOREHOLE RAD!US(R~l= .33 
HEAJ AT To(Ycl= 2.5 
TiM.~ TO HEAJ MEASUREMENT(tl= 15~ 
HEAD AT TiME t(Ytl= .4 
DISTANCE fRO~ w~~ERTA3LE TO SOTTQ~ Or OPEN OR SCREENED lNTERVAL(L~l= 29 
DISTANCE FRO"' ~,iATERTABLE TO IHPER":EAS~E BOUNDARY(i1l= 29 
****************************************************************** 
TH; cA: "'i: AT;" UVii"Ai'; lr CON":·r~"·;·v(K)= 2 a~-~24=-il~ f l I - . -1..1.0-- . -" .. ~!( u. ... uw .... I v. I . .lL. - -.- I s-ec 
****************************************************************** 

****************************************************************** 
wE~~ lDEN~i-~CATiON- b5b 
DA~E Or r!ELD iES!- lui24iE: 
LENG~;.; o=- CO~TR l 3i.JT! N~ : 1\TE:;:V~~, ( L) = 
HVORs~::v M::T;.;o: 
FOR WELL RAJ!~S(·l= .167 
30~E~O-E RA::JSIRl= .33 
Al\j ~:M.E LAG{"ci= l.S 
*************************************************************7··.~·~ 
TH

- -A·_, .. A·-"1 "Y"-f,"" .,. _", ...... - •. ""Y('" • ---;c·- -- t r ::. L :..L.U:.. !::.u '1.!.!!0:"1~-'"' L\J•,.J..: ... :v •. <,j: ~.'1~1 ?;:-:..: '1 i L"/1 II'\ 

****************************************************************** 
-::: 3 ~~ lD- 5 1 J / su 

i ~; ··~. 

/},1jl 
1-1J 



. ,11/J -J-1c 
fJt J.6C08S ENGMERNG ~ NC. 

~Cv , ADVAMCID IY&nllll DMitON, AUU.UINUI O,.IATIONI "~~·· 
~ - ··-~ 

t SLUG TEST DAT6 . 

SITE ID: ffiot-J fl LOCATION ID: 651-
STATIC WtT~A LEVEL: 
DATE: 8j 10 2( TIME: 4: Itt p 

SLUG VOLUME Cft.l): Q.,~lZ DEPTH (ft): '1'1.81 . 
121../ 

l~~ () I- /3 INITIAL WATER LEVEL (AT t0 ): OPEN INT~VAL(ft.) ~-bQ to 

~s l 1 o I lt:t ( r,-v;.,, 7oc:.. 
~"6 z:i l'-11 DATE: TOTAL DEPTH OF WELL (ft): 

3: l'i p (r,-.:-.?'1 n;.X_..,) 
TIME: WELL DIAM. (ft): .- 333 

DEPTH (ft FROM fOC): SD. JLJ FIELD REP: 1) ·l!lll~ 

ELAPSED TIME GAOUNDW A TEA RESIDUAL H-h 
1/tm H/H0 or (MIN. from to) (ft. from TOC) DON (ft.) H-H0 

:co 'i'l s ~ 
:5o ~1 z'-1 

I :oo u~ 
:sD ~-=~~ L3~ 

].1'1n lft, -/l) 
( :5o ~lL/'l 

3 ·,oo t:/.50 
:.~ '11.<~ 

L{.cx:; "11.f,( 
, _5".l> ~1 ~ 

.1 j£)0 ~ ~~ 
Jn;oo ~B. 12. 
1.,:; on ..,B ~5 
2/J·OD ~B·b9 
2.500 'lq .O'T 
Jl>oo ~'1.3o 
·35.a_:, 'ICJ 3't 
'lb. ~ 1/.'1 ,5tt 
hn 00 '/9 .1-o 
'16.·oo '/Cl.B 1- • 

COMMENTS: 

( r• 



... . 

• 

• 

• 

SLUG TEST DATA 

( SITE: MONO ·1 1'10NlJI•IFNT VAI...I ... EY 
LOCATION: 657 

l 
DATE: ~0/21/85 

GROUND WATER 
(;; ---- ELAPSED TIME DEPTH 

[MINJ [~/MINJ [SECJ [FT.J 

• 
( 

... 
( 

( 

• 
• 
c 
( 

( 

.0() .00000 0 

.so 2.00000 30 
~ .00 ~.00000 60 
~.so .66667 90 
2.00 .50000 120 
2.50 .40000 ~so 

:~. 00 .33333 ~80 

3.50 .2BS7~ 2~0 

4.00 .25000 240 
4~50 .22222 270 
5.00 .20000 300 

10.00 .10000 600 
15.00 • 0&..61>7 900 
20.00 .05000 1200 
£~5. 00 • (lti-000 1500 
30.00 • 0333:~ 1800 
:~::·:;. 00 • o:c:Bri7 2100 
45 .. 00 • 02£:22 '2700 
60.00 .01667 3600 
7E"i. 00 .01333 ltSOO 

Ft:RI{ IS ~-hNDl-.II...E:S c. f vo 'Cf 
H',JOR~~l.EV 

49.87 
47.2.4 
47.29 
4i'. ~~4 
47.40 
47. '•El 
47.50 
47. S'• 
47.6~ 
47.66 
47.75 
48. ~2 
4B.45 
4B.69 
49.07 
4'7'.30 
4'7'.~ .. ~7 
49. ~)9 
.:.9.70 
49.87 

B O~Ji..EH·-·R ICE 
CODP ER 1 8 REDHDEFT 1 PAPADOP ULO~) c. foo3'i 
(~i5H~OP H 

RESIDUAL 
DHAWDDl4N 

fFT.J 

.00 
2. 6:~; 
2.58 
2. s:3 
2.47 
2. 4:i? 
2. ~~7 
2.33 
2.26 
2.£: ~ 
2. 12 
1 -.·t: 

• I --' 

·1. 42 
~.~B 
.80 
.57 
.so 
. £~8 
.17 
.00 

Hl:TJ/HO 
lFT./FT.J 

.0000 
LOS/'7 
1. {):.37~·; 
~.0·174 

• ?'7'33 
• <7'7 ~~~-) 
.9S31 
• s\:3?0 
.90B9 
.8BBD 
• B~>?.6 
• 70:~E: 
• !:;? ·1 ·1 
• 47 4F) 
• 3:1.~ 17 
• 22'7'£~ 
• 20 1 ·1 
• 1 ~ £.:~, 
• ()t,::i '• 
.0000 

I ••. 
; . 

/?P!J~ 
::t-1!-



3 

2.5 

2 

:z: - 1.5 C) 

Q ... 
~ 
a: 
Q 

~ l 
~ 

:::::> 
Q -en 
Do:~ 

0.5 a: 

0 

> 

• FERRIS-KNOWLES SLUG TEST ANALYSIS 

I 

I 

.. 
A 
I 

~ 

• 
• 

I 

SCODE:MON01 LOCATION:657 

.a. 

A 
A A 

A~ 
A 

0.25 0.5 0. 75 1 

TIME (1/MIN) 

I/::__ -:.. (J I I 0 ) 5--- I' 7 S'(F't) 

1.25 1.5 I. 75 

• 
DATK:l0/21/85 

2 2.25 2.5 
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0.8 

0.8 

.... 
Do.. 
-..._ 
E- 0.4 r-

0 = -..._ 

E-- 0.2 = 

0 

) 

• 

c 0 0 pER I BREDE H 0 EFT I pAp AD 0 p U_L 0 s sLuG TEsT AN A LysIs 

1 
10 

SCODE:MONOl LOCATION:657 DATE:t0/21/85 

2 
10 

• 
. 
• • • • 

Tllll (SEC) 

• 

• 

' 

• 

3 
10 

l -• . , ·;;) ;;,c_c r;J 
1-· 

• 

• 
• 

• 
• 

4 
10 

• 



--------- . - - ---· -------- ------- -

i' 

~i : 

****************************************************************** 
wE~L lDEN~iFiCAi!ON- 657 
DATE o• FiELD iE='- 10/2i/85 
LENG'~ 0~ CO~i~i3UilN~ lNTE~VA~,{Ll= 15 
FERRiS-KNO~LES ~ET~O: 
•OR: DlSC~A~GE{C)= .2:7 
RECiPROCA~ Ti~E(i/t)= .1 
DRA~DO~~ {s)= 1.75 
****************~************************************************* 
... - "'IJ.' ,.. .. , IJ.•-~ "VJ. ~,. .. ,,.. ro•:~ .. ,.. ... , .. ,,, .. \ L "'7"'1..~4- -· ('I lr::. 1.. .~;.j_ ·:.~ ~ ·~ . .;~:1.. '- .,J;.,;.·:V: I!\/= c:.:1 O'l: ~.-.:':' 't"' tni t'\ 
****************************************************************** 

=- 1. 1 -~. l o - " + + 1 sec..-

otJ.·~ o• •::~~ ~:s~- 1012:te~ 
~E\s·:..: 0• co;.;·~:s_·.,.::.J~ :;.;-:::;:va;.~\~l= 15 
coo=:~-aR:J:~o:•T-FA=Aoo=~_os ~:.,.~o: 
•OR:~E~~ RA~;~= (~:i= .:e7 
'i~Eitl= 45[ 
****************************************************************** ···- CA' ,.. .. , tJ.·-~ .... ~-,,. ... ,.. CO"~ .. ,. ...... Y(K)- 4 '3'7~3- -6 r' / 1 !'1:. . 1..1..U:.. . : :.u ~ ~ u-: . .::..: 1 '- m.J:Jv l v: ' . . - . 1 ~ u :. -u /"t 10 ((... 

****************************************************************** 

---- --·- --------~.- ---------------. 

--------- ------ -------·- --- -

J-1cf • 

• 

---------···--··-------------···---------·--··-·------------

• 
. }. 



·- ····-- ·--.. -~- .. --···- ~=-:-:-:-:::-:::--::--::-:-:-~~~~~~~~~~--------·----~ --~-'-··-·· ---··-·--· ---- .. . ......... - . . ... ~ .. 

fJE JACOBS Et-GINEERING GROUP INC;-
- &DVANCID IUtUU DIVIIION, ALIUQUIMUI OPIIAttONI \' LJ ~ J b ~": 

SLUG TEST QAT A 

SITE ID: /lfP4 t1/LOCATION ID; &:~ STATIC WAT),,R LEVEL: 
DATE: 85//D lZ- TIME: I :5/c 

• 
SLUG VOLUME (fl.S): a a' z DEPTH (tt):· 1:]. b'-l 

INITIAL WATER LEVEL: OPE~ INTERVAL l~l, to I,S~ 

S5,1.Jo ~ t 
l'tiY"\ T 0 c. 

DATE: TOTAL DEPTH OF WELL (ft): l~fL 

TIME: I !.?Dp 
.. f rcrrv\ T 0 t:-- • 

o3~3 WELL DIAM. (ft): 
. .. ·cr.,, OBSERVERS: D. Mt\ltr [lL>· C~clet: DEPTH (ft FROM TOC): 

ELAPSED TIME DEPlH TO WATER RESIDUAL H·h 
1/tm H/H0 or 

(MIN, SEC from t0 l (ft. from TOC) . DON ·ut.) H-H 0 

:-c::o . q. J,"' 
~ • _51) tst . 

-
J. 00 7-. A?... 
:sD_ R O'i 

2o0 ~ .~r"' 

·"5D ~ .'1/rl 
J·co R f,.,f, 

• '5[J A.~ 

4:00 -8 · 'l I 
:.'lt:J ·.A qq. .. 

~ 

!);NJ &). 0~ 
1.~oo ~ 2~ 

-:f;D() e ?>5 
~: Q-') OJ.~ (J 

9.(')() c;; L( P-
tl'l .. on q -~ 

. 11 {) ("\. . .. CJ.sa.J . . .. 

12 n') lJ.55 

--~ . (")() e-J.~I 
N-: ro ,,G3 
J'S:oo "}. b"' 

COMMENTS: 

• 
: 
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' 
SLUG TEST DATA 

-· . 

l SITE: MONOi t-10NU1'1FNT \l?1LLEY ~P(jl 
LOCATION: 658 J-1otZ DATE: 10/2£~/85 

(, 
GROUND WAT[R REblDUAL • • ELAPSED TINE ---- DEPTH D i{ r1 W D Ol.JN I-ICTI/HO 

lMIN:I [1/I"IJNJ [SECJ [FT.J lFT.J [FT./FT.J 

• .00 .00000 0 9.64 .00 .0000 

.so 2.00000 30 7.51 2. 13 .8566 

c 1.00 1.00000 60 7.83 1. 81 .7279 

1.50 .66667 90 8.05 1.sc;· . 639'• 

2.00 .50000 120 8.30 1.34 . ~;~389 

( 2.50 .40000 150 8.46 1. 18 ·'•74F.i 

3.00 .33333 180 8.66 .98 .1941 

3.50 .28571 210 8.78 .B6 • 34-t)f.j 

( 4.00 .25000 240 8.91 .73 .2936 

4.50 .22222 270 8.99 6t'• .?6'14 . -.) 

s.oo .20000 300 9.08 .56 
,···," \ , .. .-) 

• C.L' . .:>£. 

( 
6.00 .16667 360 S'. 2'• .40 .1609 

7.00 .14286 420 9.35 .29 • ·i il>b 

8.00 .12500 480 9.40 .24 • 096~) 

( 9.00 .11111 540 9.48 .16 .0643 

10.00 .10000 600 9.50 • 14 • Obt..::-l 

11.00 .09091 660 9.54 • 10 . 0·40/.~ 

12.00 .OB333 720 9.55 . os· • 0~~~) ~.? 

13.00 .07692 780 9.61 .03 .012-1 

14.00 .07143 8'•0 9.63 .01 n C1 () '+ () 
15.00 .06667 900 9.64 .00 .000() • ' 

FFRHJ S--I<NOWLES C. fOOlS'" UI"ITP.(l'li FZP i .. OTI I '1 ~-~, S \~S 

1-11,)01\SLEV 
Ut·1 T Rr-1 x E 7.P 1 ... 0 T:..l-4::; J S\Jl, 

BCIWl..ER-FUCE c.rOOI~ 
Ut1 T R f11( F i' PLOT 1+-:, .:.A :;\87 

COOPER, 13REDHOEFT, PA'~ "')11'-·ULOS 35' UMTnA .,,_ .. , .. ,1 (r-'+4-&5- .5\l.e 
.- 1"1' .•• - c. F{)O I 1'\ 1*0../ .. 1" - I I • '· '· 

l~(~NOP ~{ 
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• 
r 
( • r 
I 

( 



• 
v 0 ~ 1 

;.,
 

~ 

• 
(
\
 

,, 
-t

:-
. 

L c:
 

'I
 

('\
 

r
- ----:::;:::: .

_
/
 

•' 0 '0
 

...£
1 

• 

.... -= 111
'11

 -en 111
'11

 
n -

-0 0 N
 

c:
;:,

 
0 c.:

» 
0 c:

;:,
 • c:;:, c:

;:,
 

g
,
 

c:
;:,

 
c:

;:,
 

el
l»

 
0 0 ~
 

0 c:
;:,

 

O
lt

 
0 0 

.._
__

. __
 ~~

~
-
-
-
-

RE
SID

UA
L 

DR
AI

DO
IN

 

-0 I 
N

 

! 

i 

-0 I - I I i 
...

 

} 

/ i ' .. 

~
 

-0 0 

.. 

~;
 • .. .. 

11
0 

t:
C

 
C

)
 

c:
:: 

tn
=

E
 

n
t
z
=
~
 

C
)
~
 

0 
I 

tz
=

l 
~
 

. .
 -

s:::
:: 

n 
C

)
 

tz
=

l 

z c::
::>

 
u

;
)
 

-
E

: c:
:: 
~
 

-
3

 
t:z

.:::
i 

u
;
)
 

E
:-

....
.-3

 
0 n

>
 

>
z
 

-
3

>
 

-
E

:-
C

)
..

.-
<

 
z •
•
 

1:
/.l

 
~


C
,}

'1
 
e

n
 

0
0

 



• • 
FERRIS-KNOWLES SLUG TEST ANALYSIS 

SCODE:MONOl LOCATION:658 DATE:l0/22/85 
3 . 

2.5 

2 

:z: .... 1.5 0 
• 

Q -~ I 

a:: .. 
Q 

....:J l 
~ 

:::» 
Q 

/ 
/-

t -en 
DoQ 

0.5 a:: I 
/; 
II 0 

0 0.25 0.5 0.75 l 1.25 1.5 I. 75 2 2.25 2.5 

TIME (1/IIIN) 
) 



-·--- ·----·· 
JJJ R1L & s e_ -----··---· ___ ··--·- ·--- .. ___ .. 

01fl 
:;-4o< 
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1 
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-···-----
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-·- . ---·----. 
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fflllllllllllflffllllfllfflfllflllllllllllllllllllllllllllllllllll 

wELL IDENTIFICATION- 658 
OAT~ OF Fl~LD TES~- 10/22/85 
lENGTH OF CONTRIBUTING INiERVAL,(Ll= 20 
~jwE~-RlCE METHOD 
FOR UELL RADIUS(R~l= .167 
BORE~O~E RAD!US(Rwl= .33 
HEAD A~ Tc(Ycl= 2.5 
TIME TO NtAO ~EASUREMENT(t)= 420 
HEAD 4~ TIME t(Ytl= .29 
O!SiANCE FROM wATERiABLE TO 30~TO~ OF OPEN OR SCREENED lNTERVAL(Lw)= 67 
D!STANCE FRO~ wA'~R!AB;_E TO 1MllER!'E~5~E BOUNiJARYiHl= 67 
~~~IIII~~~·~~~~~~~··~~~·I**~*~*~·~~~~·~****~*****~~~~~··IIIIIIIJII 
TM: CA:.~:.di!:.U !"!!uRA .. uC COND:,jC 1 lV! !) (I\)= !.3647 .. :-u:: f.+ I sel.-
111111111111111111111111111111111111111111111111111111111111111111 

·-·----

------ ------
----------·------

~-----

-------------- ·-· .. -----
... -- ~---· ---- -----

--------------- -----~----· ·- -------- ~--

·-:--
lllllllllllllllllllllllllllllllllllllllllllllllllllllll*****t***** 

wELL IDEsr:•:cA7iON- 65e 
DATE o~ FJ::;.D -:-::-:- 1Ci22i5: 
~ENGTH 0• CO'·-iTif!3~:;;N~ lNiERVA~, (d= 2: 

DRAWDOWN (s)= .73 
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllll;:·l .1++ 
... - "A',.. ... A·-- "\'--A'" IC co··-···-······v("' 2 9-;..---- -J. .J- I . 1!'1:. ... :..~..;.::.. .. ~:.:; M.:.i!C~:.. ,,u:..: .. ~:v.:. 1\1= . ,_'7:.:.!:·;.; .. ..,. h'llt"' 
1111111111111111111111111111*********1*11111111111111111111111111* 

------

- -----·------------------------- --------·-----·---- --·- ·----
-----~ 

\ ----·i 
-·-------

1 
• --~------·---

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 

WELL iDENTiFiCATION- 658 
DA~E 0~ FIELD TEST- 10/22/65 
LENG!~ o• CONTRIBUTING !NTERVAL,(Ll= 2D 
COOPER-BR~DEHOEFT-PA~ADO~ULOS METHOC 
•OR:wELL RADIUS (R:l= .167 
Tl!'IE(tl= 60 
1111111111111111111111111111111111111111111111111111111111111111'* 

THE CALCULATED HYD~Au~IC CONDUCTIV!TY(Kl= 2.324083~-05 ~1r / se~ 
111111111111111111111111111111111111111111111111111111111111111111 

·---------·---- --· - ·-- . ---------- . -

-- ------·-- ---

-----·-----
--·------··----______ .. __ _ 

·-----·-----------------------------·------· ·-······· .. - .. ·- ---·-----

.. ------·-·· --·----------------·-··-------·- ·-·--

----·- ···--· .. ·---··------------------------------·----·-·-- -·- -·- ---· -··- -----
... . . - . .. . ... - . - ·-- . .____ _____________ __:_·----·-- -··· -··-··-



'.Pf; 
rJf .JACO&S ENGMERNG GROlJ> NC. ::;- '!)-

ADYA.MCID &UnMI DMIK>N, ALIMUIMUI OPIIAT'IOMI 
~ . .. " ~-~r: 

\ SLUG TEST DATA 

b29 
STATIC WATER LEVEL: 

SITE ID: !tJOr:.2~1 LOCATION ID: DATE: f( .. (*k TIME: S ~{'S p .~ 
SLUG VOLUME (ft.l): 2·eL2 DEPTH (ft): ? S, {, 1 . 
INITIAL WATER LEVEL (AT t 0 ): OPEN INTERVAL (ft.) C}D to lfO 

f rVYV'\.. TO C..... 

DATE: ~~lei Z-3 TOTAL DEPTHc_9F WELL (ft): 112. 
9:~~ 

Fr~IO 
TIME: WELL DIAM. (tt): • 33) 
DEPTH Ut FROM fOC): 3b.~ FIELD REP: ~ .11'\~\tu- I f=r.,'fi.~ r-

ELAPSED TIME GROUNOWA TEA RESIDUAL H-h 
(MIN. from to) (ft. from TOC) DDN (ft.) 

111m H/H0 or 
H-H0 

.oo 3~.'tL.f 

.~ Jl 6 " 
l.o ~'l. € r 
I~~ JL.f.D~ 

:l.O 1'1.~+ 
tJ.$ 3L.f Yl 
J.o "J 'i GJ 
3,~ 'J>l-L ~~ 
"{,0 .JLf._ Ll 
'1.( -s~ (9J 

so 3 {', I c2. 
,,0 )_f" ~-~ 

~.,.., _( 'r, s I 
t.o l~ .l7-
//),() J(",'-rr 
['f,O s.r_ r' 
/C,Q J.('.~ ;}_ 
~.& 3b' {,5 
~0 ss,t. £ 

3Q.O s~ ~.b_ . 
COMMENTS: 



·.-"' . . ...:,:~ ... 
·r . -. . . 

' 
Sl UG TEST DATA 

(. SITE: MONUMENT VALLEY 
LOCATION ID: 659 

DATE: 10/26/85 
( 

-. !?1;1 
-j--Ofj. 

• t GROUND WATER 
----- ELAPSED TIME ----- DEPTH 

(.. CI'IINJ C1/I'IINJ CSECJ CFTJ 

RESIOUAL 
DRAWOOWN HCTJ/HO 

CFTJ CFT/FTJ 

------- -------- ----- ------------ -------- ---·----

• .oo .00000 0 C·33.Y~ .oo .0000 
.so 2.00000 30 33.69 2.00 • ~~046 

1.00 1.00000 60 33.88 1. 81 .7282 
e 1.50 .66667 90 34.08 1. 61 .6477 

2.00 .50000 120 34.27 1.42 .5713 
2.50 .40000 150 34.41 1.28 .5150 

( 3.00 .33333 180 34.63 1.06 .42(-4 
3.50 .28571 210 34.78 .91 .:3661 
4.00 .25000 240 34.93 .76 .30SB 

t 4.50 .22222 270 35.01 .68 .2736 
5.00 .20000 300 35.12 .57 .2293 
6.00 .16667 360 35.22 .47 .1891 

( 7.00 .14286 420 35.31 .38 .1529 
8.00 .12500 480 35.37 .32 .1287 

10.00 .10000 600 35.47 .22 .088S 
( 14.00 .07143 840 35.59 .10 .0402 

.. 18.00 .05556 1080 35.62 .07 .0282 
22.00 .04545 1320 35.65 .04 .0161 

'- 26.00 .03846 1560 35.66 
30.00 .03333 1800 35.66 

. o:~ .0121 

.03 .0121 

• MAPPER DATA FILE . I'ION01*UOPSTD100015 . 
~ 
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10 -I Q 
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-= ::;:, 
Q -en 
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• BOUWER-RICE SLUG TEST ANALYSIS 

• • 

0 

SCODE:MONOl LOCATION:659 

•• 
"' ,. 

a 
a . "' 

250 500 

' . 
~ 

750 

TIKE (SECL 

.·, 

1000 1250 

• 
DATE:l0/26/85 

1500 1750 2000 

. . 
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• • COOPER,BREDEHOEFT,PAPADOPULOS SLUG TEST ANALYSIS 

1 
10 

SCODE:MON01 LOCATION:658 DATE:l0/22/85 

,. 

2 
10 

6 

6 

.. 

TUU (SEC) 

~ 
6 

6 

6 

~ .. 
6 

6~ .. 

3 
10 

4 
10 
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c 0 0 pER I BREDE H 0 EFT I pAp AD 0 p u L 0 s sLuG TEsT A NIA LysIs 

1 
10 

SCODE:MONOl ' LOCATION:659 DATE:l0/26/85 

r. 

I i 

2 
10 

• 

. 

• 
• 

Tl111 (SEC) 

I " . / ) ' .. 
; :' . ~ ,_ .. 
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• • 
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-----------------------------

; ..... 

****************************************************************** 
WELL IDE~TlFiCAi!ON- 659 
DATE OF FIELD TEST- 10/26/85 
L:~s~~ 0~ CO~TRlBUT!NG lNTERVAL,(Ll= 
BOUWE~-RiCE HEiMO~ 
FOR WE~~ RADiUS(Rtl= .167 
80RE:.;O~E RAD!US(Rwl= .33 
~AD AT lo(Yol= 2.5 
TIME TO ~EAJ MEASUREMEN7(t)= 42G 

20 

HEAD A~ TIME t(Ytl= .38 
DiSiA~CE :~o~ ~A7E~rA3~E TC so~~OW: o~ o;:N OR SC~EE~EJ !N~E~VAL(~w)= 70 
DiSTANCE FROr i.JAER'A3~E iO i"';::ERME43.E 80UNDA~\'i;,;)= 7~ 

************************************•***************************** 
T .. - rA· C'" ,.--~ "V~-~A'" ·c coL:~··-TJ"'-V(") • 2-.~--- ~- f +I 11::."- W:..~-::.;.; '"-;.;-:~~:..! 11U~I..:.I/,:. "- = L :.i!Lj':):·t:~ S(C.,... 

****************************************************************** 

************************************************'***************** 
WE~~ lDE~·;:;cA~ION- 659 
DATE o~ FIE~~ ~~s~- 1Gi2bl5~ 
:..::.;s-:-;.; o: CC:\~~:3~t:NG lN7ERVAL..,(L)= 
~ER~:S-KNO~~ES ~:·;.;:: 

~OR: D!SC~A~SE(Q)= .2:7 
RE::;::ROCA~ -:-~":~= _.25t 
JRA.iJOi,;t\ ( s i- . :-: ~ -~ 0 . 9 I - L-\ t ·-:-

****************************************************************** 
THE CA~CiJL.ATEJ '""~RAJ~iC COND~C::v:··•i>:)= 2.7:3592E :: t+ /rnifl 
'****************************************************************** 

: 4 .~1 i \0 ~ ft /.stc. 
t.IO_(, ~-S. 

fl.,#fl 1-.1A · 

• 
-----------

-· 

----------------- -- ------- ···-----·---- ·- ---- -- ·-· --- -· . ·-- -- -

****************************************************************** 
WE~L lDE~;l~:CATlON- b59 
OAiE OF FiEi..D TEST- 10/26/8:-. 
LENG!H Of CONTR!BU1iNG lNTERVAi..,(Ll= 20 
COO~E~-BREDE~OE~i-PA;ADO~J~OS HEiHOD 
;oR:wEL..~ RADIUS (Rtl= .167 
TiPIE(!l= 65 
****************************************************************** 
lHE CALCi.JLATEO HYDRAi.JL!C CONOUC'iVlTY(Kl= 2.145308E-05 f-+ I ,~c.-
****************************************************************** 

---- ---------- ------------



';...) 

fJ( JAC08S ENGNERNG ~ NC. ill: I J • :: ·;·_ t' . 
..-...=.~ ADYAMCID IYITIIIII DIVIIION, AI.IU.UIMUI O"IATIONI 

(2c!;l SLUG TEST DATA . 
9' yz_ }-'1) -...... /JJo STATIC WATrR LEVEL: 

SITE ID: C'btJ d>J LOCATION ID: DATE: 85/Jo l-=1 TIME: 

SLUG VOLUME (ft.l); Q. ~I:Z DEPTH (ft); 31·il . 

INITIAL WATER LEVEL (AT t 0 ): OPEN INTERVAL (ft.) 1~3 I ~{e to /5!1~(; 
DATE: 85//0 flb 

Ft"C/"fW\."TOC... 

1$1:>-B TOtAL DEPTH OF WELL (ft): 
rC/WI. TDC... 

TIME: z:oo WELL DIAM. (ft): • 335 
DEPTH (ft FROM fOC): 33.25 FJELD REP: 0 m1lt or ~ .Ps::,·t~ 

7 

ELAPSED TIME GROUNDWATER RESIDUAL H-h 
(MIN. from to) (ft. from TOC) 1/tm H/H0 or 

DDN (ft.) H-H0 

:oo 31·51 
: ~r") "11. + -

1: (X) ]J :ry 

:5o Jl ~, 

?_! oo Jl. '1 I . 
:so Jl. 't3 

3:oo .31. iJ 
:so ] I. 'lb 

t.l: 00 :? (. '1" 
:r;D s (. y g 

s:cx::> ?J. "J'€ 
": 00 31. "-16 
'::1-: Oo 31.~R 

PJ. ~ DO 31. '-lR 
~ .. Do ~1.")9 
ln ·. fri 31. 5___! 
\1 : OD (~1.5'1 

. 
COMMENTS: 



0,.~.-·. ( 
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'.1: 0 
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SLUG TEST DATA 

SITE: MONO~ ~10NUI"IF~NT VAL.I..EY 

LOCATION: 660 
DATE: 10/27/BS 

GROUND WATFR 
ELAPSED TIME ---- DEPTH 

EMINJ [~/MJNJ [SECJ EFT.J 

.00 .00000 0 3~ .5 ~ 

.so 2.00000 30 3~. 27 
1.00 1.00000 60 31.34 
1.50 .66667 90 31.39 
2.00 .50000 ~20 31.4~ 

2.50 .4()000 150 31.43 
3.00 .33333 180 31.43 
3~50 .28571 210 31.46 
4.00 .25000 240 31.46 
4"50 

r, .-,,..I:) I"'\ 270 31.4B • £.£C.£.L:o 

5.00 .20000 300 3 ~. it8 
6 .. 00 .~6667 360 31.48 
7.00 .142(-)6 420 3 ~. 4·8 

8 .. 00 .12500 480 31.48 
9.00 • 1 1 1 1 ~ 540 :31.49 
~0.00 .10000 600 31.51 

1~.00 .0909~ 660 31.5~ 

RES:tnur~t 
DI~AlJDDWN 

EFT.] 

.oo 

.24 

.~7 
• 12 
.10 
.OB 
.08 
.OS 
.OS 
.03 
.03 

0"' • .:> 

.03 

.03 

.02 

.oo 

.00 

H[TJ/HO 
lFT./FT.J 

.oooo 
.. C•<i' 6 E) 
.OMl·~ 
• 0'+f.~:~ 
• 0'+01..~ 
• 03£.~/.~ 
. o:i22 
ft 0?0 'i 
.0201 
"01?1 
.0°12·1 
.01?1 
• 0 "2 °1 
.o1r.··1 
.OO:iO 
.0000 
"oooo 

UI'"ITRt'~·)( FZ Pl. OTI-1-' ... : .. o FERR :r S-~(NOl~LES c.~ t>OL'-1 
H'.JDRf:>LEV UI'1TI~t'~·);r:zp LOTH+'r't 
BCIWL.ER-.. RICE (roo~ 5' UI'"ITR{1·iiFZPI .. CITHJ.f ... l/:. 
COOP E:R, BHEDHOEFT, PAPADOPULOS(. r=oo "/,7 UI'1Ti\A*F'l.P L.iJT~ 
~1(<tNOP R 

( .. 

( 0 

( 

• 
( 

( 

_; 

• 

• 

• 



BOUWER-RICE SLUG TEST ANALYSIS 
SCODE:MONOl LOCATION:660 DATE:l0/27/85 

' 

... 

:z: ... 
10 - 1 

0 
Q 

~ ·,"---. 
"'-

"' ... " - ·· ... -
~ 

ar:: 
Q 

I 

"' 
., 
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~ ·, 
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~ 
p 
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"'"' "'·~ 
"' 

~ ., 

-en 
Goa ' 
ar:: ' 

' -
' 

' 

0 '100 200 300 400 500 600 

) TIME (SEC) 

tc:ul~ h~ 1::-= Cl 0 '::.LL L)Ld =-D.\2. 

() rt-rcJJ_ t;/ '), (1 0 ~llA- l\ l t ) -:. o.o:?:; 

.• ':" ~ "4-

• • • 



• • FERRIS-KNOWLES SLUG TEST ANALYSIS 
SCODE:MONOl LOCATION:660 DATE:l0/27 /85 

0.5 . 

0.4 

0.3 
:z; ... 
0 
Q ... 
~ 0.2 a:: 
Q 

.....:I 
~ 

~ 
Q -Cf.l 0.1 DIQ 
~ 

/ • 
// 

-~ 
;6 

__. 
/ 

/ 0 

0 0.25 0.5 0. 75 1 1.25 1.5 1.75 2 2.25 2.5 
) 

TIME (1/MIN) 

~~ 6. s· 'IVY\- ) s-=- o. \o~\-



··-- ------------·- ··--- -- -·- . -· ··---- .. 

PEJJ 
/- q J----

--------------- ----·--:--=~~=------- ·-· ·--- --

*******************'** ...... ****ll******************************** 
WELL lDENTiFlCAT!ON- bbO 

-------- OA7E OF FIELD TEST- 10/27/65 

• 

LENGTH 0~ CONiRlBUTlNG !NrERVAL,(Ll= 
FERRiS-KNOWLES METHOD 
FOR: OiSCHARGE(Q)= .Zli 
RECi=~OCA~ iiME(l/t)= .5 

20 

ORAwDOWN (sl= .1 
****************************************************************** 
•· ·- CA' C'" Ar-- "Y,-A. ,. '· CON·-·.,...'·" ·y'"' 4 3' ;-;-- -- ( 1 /. • 1"1!:. .!..U;...:~"-:,O:.i.JUL .UlJv:VL-1"-1= .•. L: f:;_-;.;j ,..-, W'll('l 

****************************************************************** 

****************************************************************** 
IIIE!. .. i.. lDENTlFlCATlON- bbO 

~E\s·~ 0; CO~TR:~wr:NG lNTE~VA~,(~)= 20 
so;.;;,;:-;.;:c: ~ETHO: 
=:.; .: __ RAD!JS(R~l= .lb7 
eoR::4o~: RAui~S\R~l= .33 
HEAD AT io(Yoi= 2.5 
T!~E TO HEA~ ~EASURE":E~~it)= 9C 

D!S~A~CE ~RO~ ~A~E~~ABLE iO 30T:o~ OF o::~ 0~ SCREE~E~ :~rERVAL(L~i= 90 
o:srA~CE •i<O": WA':'ER7A3~E iC 1''1=ER~EA3~E SO:JNJARv(;.;)= 9~ 

- - ----. ****************************************************************** 
THE CALCU~AED HYDRA:.i~iC CONDUCiiVI!Y(K)= 9.3b6776E-05 
****************************************************************** 

.... ---. 

-------------------------------------------------- ... 

----------
------------------------------------------------

---------· ------· ···- ----..... 
------------------------

----------------- -------·--------

... ------------ --------- .. -

.· 

----- -----------
- ____ ,,. -~-----

-----------

.• ,- -~~:--.lo"••." •. ····-~·~:·· .. ~~,....,-~ ....... a.--



-C' ... ·' 

rJf J.AC08S ~ERNG ~ NC. 
. ADVAJIICID IYinMI DMitON, ALIU.UINUI OPIIATIOMI --

1-11 .. ·, ·. ~ ~~ 

( SLUG TEST DATA 

SITE ID: IY\QrJ dJ! ~~~ 
STATIC WATER LEVEL: 

~·~,OP,~ LOCATION ID: DATE: f(jtcfzK TIME: 
I ' SLUG VOLUME (ft.l): Q. ~~:z DEPTH (ft): I l, s, Z:J 

• 
INITIAL WATER LEVEL (AT t0 ): OPEN INTERVAL (ft.) {93 to 21~ 

BSito~ 2.~ 
F ,., ....... iOC..... 

215 DATE: TOTAL DEPTH OF WELL (ft): 

TIME: ~Q: Qo A 
';C"'OM- "TO C... 

o33~ WELL DIAM. (ft): 

DEPTH (ft FROM fOC): lbj. zo FIELD REP: tJ. mll}.g£ l ;;rud-/1 

ELAPSED TIME ,. GROUNDWATER RESIDUAL H-h 
1/tm H/H0 or (MIN. from to) (ft. from TOC) DON (ft.) H-H 0 

:~0 //,:t 7s 
.~ -

•· /.(") I c; f. "Jo ... 
16tt'f=t-,("' 

- . ;; r"\ 1,/;{"'-J 
(" /b I,(.. 0 

.. - l.n 
: ~. . 

16 r~ hS 
( • c ;, ,L ro 

' '-1.11 1/'C I 9- ( 
l~( lit: I f.( 
-~-n i/~/.~'1 
~-0 If£:::> t0 I 
7.o /~.o~ 

6.o I /c, ;:) I'-{ 

I~ [I 
~, 

~~~,X1 
/~.[() /(;';) '1 ~ 
Ibn ·'fJ. ~ 
.~.o /{..;). b~ 
tXC.O J6J./r'1 
~O.o IJb /;lc fO . 

COMMENTS: F:Je l "F~. 
" • 



rJ( JAC08S ENGMERNG GROO> NC. 
A.DVA.MCID IUnlllll DMitON, A11U.UIMUI O"IATIONI 1411:: I ' 

~:.;}If' -----
SLUG TEST DATA 

SITE ID: 1A2/\. f/ LOCATION ID: ·b6 .{ STATIC WA~R LEVEL: 
DATE: B$j<tr Z.f TIME: 

r lb SLUG VOLUME (ft. S); DEPTH (ft): 3~ 1:.3 
INITIAL WATER LEVEL (AT t 0 ): OPEN INTERVAL (ft.) to 

DATE: TOTAL DEPTH OF WELL (ft): 

TIME: WELL DIAM. (ft): 

DEPTH (ft FROM fOC): FIELD REP: F,.., 'tfs h1' 1/ e / -,--
ELAPSED TIME GROUNDWATER RESIDUAL H-h 

1/tm H/H0 or (MIN. from to) (ft. from TOC) DDN (ft.) H-H0 

3~ .. 0 ,, Q g ~ 
'-/C.() lie~ Cf:J.. 
£l).,O lb ~ 9_9 

·. 

.. 

. 
COMMENTS: f&J~2 ~t~ 



.-
•,J ::-, 

· .. 4 .,. 
. . . . 

i . 

l 

SLUG TEST DATA 

SITE: MONO~ MONUr11=:NT VALI..EY 
LOCATION: 66~ 
DATE: 10/?.8/85 

GROUND WATER 

;?~JJ 
f -lj)., 

., ---- ELAPSED TIME ---- DEPTH 
[MIN:i [ 1/l'liNJ [SECJ [FT. J 

RESIDUAL 
DRttWDOWN 

[FT.J 
HCT .l/1-10 

[FT./F·l.) 

• 
c 

\ 

(_ 

( 

I 
' 

{ 

( 

• 
• 
( 

( 

.00 .00000 0 
1 .. 00 1.00000 60 
1.50 .66667 90 
2 .. 00 .soooo -t20 
2.50 .40000 150 
:3.00 .33333 180 

3.50 .2B571 210 
4 .. 00 . 2~;ooo 2'•0 
4.50 .22222 270 
5.00 .20000 300 
6.00 .16667 360 
7 .. 00 .142Ei6 420 
8.00 .12500 480 

10.00 .10000 600 
12.00 .08333 720 
1b.OO .062E>O 960 

20.00 .05000 1200 
2~;. 00 .04000 1500 
30.00 . o:i333 1800 
35.00 .02BS7 2100 
45.00 • Oi~222 2700 
60.00 .0161.>7 3600 

FERRIS-KNOWLES tfOO~, 
H'v'Oft!~l FV 

163.73 
161.30 
161.47 
161.54 
161.60 
161.65 
161.70 
161.?8 
161.85 
161.9'• 
162.01 
162.08 
162.14 
16/~. /::E{ 
162.42 
16£:.S4 
162.68 
16£:.74 
162.80 
16£.:.8'7' 
1.:-:.2.92 
~t.>£:.99 

BOWLER-RICE 
COOPER, BREDHOEFT, PAPADOPULOS£Foo3B 
~~C~NOP R 

.00 .0000 
2.43 .9771:' 
2.26 .?OH9 
2. 19 • BE:(J/ 

2. 13 .8561> 

2.0B • E::.:.:t.)F) 
2.03 .B1f>·4 
1. s·s • 7B4/:: 
1.B8 • /''S60 

1.7<7' .719B 
1.72 .6917 
1.6S • 6t.):~F. 

1.59 • ~.s~·~CJl+ 

1.4S II SF:!::) ·1 
1.31 • s~.~t>t~ 
1 • 19 a 4'/F:{, 

1.05 
I •''1,..)• .. \ • "+ t: . .<'. ~') 

• 9C,' • :.:: ~;· F: l~ 

.93 • ~~?I~·<> 

.84 • :~: ~~ ~/ t:: 

.81 . ~32~)7 

.74 .. 2'l7l· 

lJI'1 T H Ax F. Z PI .. 0 T ~ S I '17 
UI'1T H A ·X F i' PL. CIT ~tirif'f, S I q 1 
lll"'f'"'"li:F./'=-t o·l·~ Stq9 .. ., "H .... t .. . n •t .,. !.> 

Uhl1'fi ~ j( ·: .. ,. '". (1 .... ~ .5 ""\ 3 (, ,. ,t\ 1: .. / .. 1... .. I rr"t ... " "" 

.... 
• - 1 

• 

• 

• 



m 
N -

E-..... -... --ea.. 

0 = -... -.... -= 

> 

• 

0.8 

0.6 

0.4 

0.2 

0 

COOPER,BREDEHOEFT,PAPADOPULOS SLUG TEST ANALYSIS 

1 
10 

SCODE:MONOl LOCATION:661 DATE:l0/28/85 

2 
10 

• • • 

TIME (SEC) 

• 

• • • 
• 
·~ 

~ 

I 

1 .. 

3 
10 

• - • 
lA • • 

4 
10 

• 



·---·-------~-~ _ __(p b 1.--- ---·· .. ·-·-- ··-·-·--
----------··-----

-· -· -··· ------------------- ---· --- -. 

(2 ~.r1 
1-!J )-

----------------------------------------------------
-----------------------------------------·--······---

' t. J 

·-· 
---~-----.---:---------------------------· --- ·-·· --· 

·--::.....--------------------------------------------

-------;. --
~~. 

. ·-;-. 

'***************************************************************** 
WE~L lDE~'!"!CP'!ON- bbl 
DAiE OF FlELC TES~- 10/28/85 
~ENG~;.; 0' CONi~: 3L:·: ~S : N'E~VA~ ,(~ l= 
COO;E~·SREJ:~o:•~-;ACA~0°J~OS M::r~c: 

=oR:i.iL~ ;(A~:~:s (Rcl= .~b7 

z: 

·:"1::\~i= 65: 
************************************•***************************** •··· ~A·~··· t.•·- "11--!J."' ·~ ,..A.,.., .. ~ .... ,.V("I ~ .. ~-~e- -/... (+ j 

_!Mt L.'-i..:..'- :"' '"'.'-1-: .. ~.n .. i..U!uJ,.!\1!'· '\,= !. ;l.::j;,; :-~... r /Sec..-
. ********************************************•********************* 

---------··----- ----· ---·-···· -· ---- .. 

·--------------- .. 

·-.....,....------------------·--------·--··-·---· ---· 
-----------------------------------------

·-- --------

------- ·---- - -- ..... -- .. _ ·-·-- ---·- --·-- ·----- ··--- --· 

-------····-·---

• 

• 



rJ( JAC08S ENGI'..lERNG GRO(J) NC. 
--=-=- A.DYAMCID UITIIIII DMitON, ALIU.UIIteUI O,.IATIONI 

SLUG TEST DATA 

~I U\f · 

. .. ""\ . _, 

:. ·.:;~~ 

SITE ID: t'Y\o tJQ I LOCATION ID: 6bL 
STATIC WATFR LEVEL: 
DATE: SS/to U TIME: /0 :,3D 

SLUG VOLUME (ft. S): o.~L2 DEPTH (ft): 5o. 8f2 
INITIAL WATER LEVEL (AT t0 ): OPEN INTERVAL (ft.) 'iO to 1-1 

Fro ov-.. "tt '-

DATE: B~l IO U:s TOTA~~~J~ OF WELL (ft): ":fJ.OO' 
TIME: Z:oo Q WELL DIAM. (ft): • 333 

DEPTH Ut FROM fOC): 51. so FIELD REP: ~· M,Lllf-

ELAPSED TIME GROUNDWATER RESIDUAL H-h 
(MIN. from to) Cft. from TOC) 

1/tm H/H0 or 
DON (ft.) H-H 0 

~00 so. P13 
; 5o so. 00 

I~ Oo 5o.2o 
:50 00 . .% 

z:oo 5::>. "#.Q 
:so &.58 

3:oo OO·b~ 
:so so.~. 

"1 1 oo 5o·7b 
: 5n 5o. -=tg 

s.·oo. 5o. "=15 
b:o:::J 5n·P-o 
1:oo s·o. 82.. 
B~_oo =fr"r""A~ 
9:on 50-_B~ 

Ia: ao so.s.s 
}5: (')C) So·RA 
lO ,' on so.B~ 

• 

COMMENTS: 



.;. (-

l 

( 

( 

-
( 

c 

( 

( 

( 

( 

SLUG TEST DATA 

SITE: MON01 MONUMENT VALLEY 
LOCATION: 66£~ 
DATE: 10/22/85 

GROUND WATER RESIDUAL 
---- ELAPSED TIME ---- DEPTH DRAWDOWN H[TJ/HO 

[MINJ [1/MINJ [SECJ [FT.J [FT.J [Fl./FT.J 

.oo .00000 

.so 2.00000 
1.00 1.00000 
1. 50 .66667 
2.00 .soooo 
2.50 .40000 
3.00 .33333 
3.50 .2BS71 
4.00 • 2!-;ooo 
4.50 • 22221~ 
5.00 .20000 
6.00 • 166c)7 
7.00 .14286 
8.00 .12500 
9.00 .1·1111 

10.00 .10000 
15.00 .06667 
20.00 .05000 

FE H R IS·-· ~aW W L E S 
1-1\)01\F;L.EV c.r>oo'-10 
B DWL.E:R -RICE C. ~oo'jj 
cooPEr(, BHFDHOEFT, 
@(ilNOPR 

0 50.88 
30 50.00 
60 50.20 
90 50.36 

120 50.48 
150 SO.SB 
180 50.68 
210 50.76 
240 50.76 
270 50.78 
300 50.78 
360 50.80 
420 50.82 
480 50.83 
540 50.83 
600 ~iO. 85 
900 50.88 

1200 50.88 

PAPADOPULDti 

.oo .0000 

.88 . :~s:~9 

.68 .2735 

.52 • £.'091 

.40 .1609 

.30 . 1?0<') 

.20 • ':)E:()4 

. 12 .04B3 

.12 • ()ft8~~ 

.10 • o.tto:;:: 

. 10 • 040~~ 

.OR II()~~:?/.? 

.06 .0241 

.OS .020'i 

.OS • 0~~0 1 

.03 .01£.:·i 

.00 .0000 

.00 .0000 

UI"1TRA-x·F.7P LOTI14 ',8- ~ 1..37 
UMTkt:;·XFiPi .. [lT~ ~8 
UI'1TR?'a*F.:7PLiHI~ S0239 
UMTRti·KFZt'L OTI·~ s,;zt.J() 

• I 
._ I 

• 

• 



• 

·----- -·-· -- -- ---·--·. ··-- -- - - ----- ---

---------------- --- -----·· -- - -----

****************************************************************** 
WE~~ lDE~~i~iCAi!ON- 662 
OAiE o: FiEL~ ~EST- 10/22/S~ 
LENG:~ o; CON7~;3JTJNc iNTERVA~,(~l= 
BOJWE~·RiCE METHO: 
FO~ wEL~ ~ADlJS\~:l= .167 
BORE~OLE R~J:~:;~~)= .33 
HEA~ Ai To(Y:l)= 2.S 
ilME ro ~::A: "EASJRE":Et-.:·(~)= :2: 

::S~A\CE ;~o~ w~-::~~~a~E :c so·:o~ 0~ 0=E~ 0~ SC~EENE: ;\·E~V~~(L~l= 22.:2 
OIS-A\:E :~ow ~A·E~TA5LE :o !M=ER~EAS~E 50JNJARv(~)= 6:.56 
****************************************************************** 
T .. - ""A' .... A"'-~ ........ A ... ·r ·oN~-·-- .... -....... ~ •·64' ·- -- f+/ M: l.l"!:...l.i.lt.. !:~ l"'!u-:. ,.t:..,,._ l 'W.! ... ' !V. :.!\/= L.~! -~1:::·~.,: sec,... 
****************************************************************** 

*****************************************************************~ 
~E~L iJE\"':FlCA·;o\- 662 
JA-E o: ;;::~: r::s·- ::122/E7 
LE\~-~ o: CON-;-;u~~:r.;~ :r-;:::~v~~,(Li= 

i-iVORSLEv ":::r~c~ 

:~~ ~:: __ ~•::~s:·l= 
BORE~OLE ~A::~:;~)= .33 
A\; ·:v.:: LA~(7~)= 1.2 
****************************************************************** 
Ti-iE Clt..CJLAr::: ;.;···J~A~L:C CC:C~:-:-rv:····(~)= :.746552:-:::- -if /~-n'1 n 
**************•*************************~·;r~~*h*~·;~·~~~i';~ . 

. -- --. ------ ------

·-- ----- - --·· ---- --- --~- ~- ··-- ---- --------------

- --·- - --· ·- ---· ---- -- ---------- ---------- ···- ------ ·- ~ 

·---

'-



• • BOUWER-RICE SLUG TEST ANALYSIS 
SCODE:MONOl LOCATION:662 DATE:l0/22/85 

- -
... 

-

:z: & & .. 
10 - 1 

0 
c::::a -.. -
41: 
a.: -c::::a - -
~ 

41: 
~ 
c::::a -Ul ..... 
a: 

0 100 200 300 400 500 800 700 

TUn (SEC) 

) 



0 

= ...._ 
5--= 

) 

• 

'.).jtiO·' 

HVORSLEV SLUG TEST ANALYSIS 
SCODE:MON01 LOCATION:662 

• \ 

I 

I .... 
I 

I • 

I 

_I • 

I 
I 

I 

l 

! 
I 
! 

0 1 2 3 4 5 6 

TIME (KIN) 

• 

DATE:l0/22/85 

... 

7 8 9 10 11 

• 



rJf JACOBS e-GMERNG GR<::U> NC. 
ADVA.MCID IY&nlllll DMitON, &UIIeUIMUI OPII&TIONI ~ ' : ~ :;\4:.; ............... 

( SLUG TEST DATA ,. 
(!)o~d>l LOCATION ID: fo63 

STATIC WATER LEVEL: 
1;'15 p SITE ID: DATE: P>sltolzi TIME: 

I 

SLUG VOLUME (ft.l); Q.~l:Z DEPTH (ft): 32.95 . 

OPEN INTERVAL (ft.) i:~r9 IBfo l2.Q INITIAL WATER LEVEL (AT t 0 ): 
ri'"'(J"'YY\.. TDC. 

DATE: ~~t lC ll.O TOTAL DEPT~ OF WELL (ft): 2l2... 

l o : lS !:Q. 
f" rv yV"\. TO 

TIME: WELL DIAM. (ft): • 333 
DEPTH (ft FROM fOC): ~~~ lS. FIELD REP: o.z:Qi\t.u 

ELAPSED TIME GROUNOW A TEA RESIDUAL H-h 
1/tm H/H0 or (MIN. from to) (ft. from TOC) DDN (ft.) H-H0 

•• 00 32. 't5 
~So &:">.3, 

J-.: On a:>. 31 
:.so 3D·3h 

2.·cr; .Jj.acf 
( :5lJ c3o.s:J 

.~ :o:::; Ja.Jq 
:~ Jo.J1 
~:oo 31.4.~ . 

; StJ 30 ·f:f 
5 :tJ() 3{). 4q 
Jo~oo JD·b3 
JS .. oo .JO.ji 

3~ :C)() .3Jo6 
~:,-o .. ro 3/.51 

. 
COMMENTS: 

( 

JEG-AL•ENG•I (1/14) 



L· .,., . 
... . 

• 

• 

• 

( 

l 

SLUG Tf.ST DATA 

SITE: MON01 MONUMENT VALLEY 
L.OCI~T HlN ~ 663 
DATE: 10/24/HS 

GROUND WATER 
~ ---- ELAPSED TIME DEP TI-l 

[MINJ [1/MINJ [SECJ [FT.J 

RESIDUAL.. 
DI\AlJDO\..IN 

[FT.J 
HCTl/1-10 

[FT./FT.:t 

• .00 .00000 0 32. c;·s .00 .0000 

.so 2.00000 30 30.31 2.64 1.0617 

1.00 1.00000 60 30.33 2.62 1 . or>~~6 

".so .66667 90 30.36 2.59 1.0'+16 

2.00 .50000 120 30.39 2.56 ·i • 0 29E> 

2.50 .40000 150 30.39 2.56 ~. ()£.~S·F~ 

3.00 .33333 180 30.39 2.5l> 1. 02S'r> 

3n50 .28571 210 30.39 2. St.• 1 .. o:c:s·~·; 

4.00 .25000 240 ~~0. 43 2.52 1.0134 

4.SO .22222 270 30.49 2.46 • 9E~s·~~ 

5.00 .20000 300 30.49 2.46 • ·:,' ::.:J '7 ~~ 

10.00 .10000 600 30.63 2.32 • 93:~0 

15.00 .06667 900 30.77 2. 18 • i]7r~7 

30.00 .03333 1800 31. 0!3 1. 87 .75?0 

60.00 .01667 3600 31.54 1. 41 • ~>670 

c 

( 

( 
.... 

( 
FERH I S--~{NOI..JL..ES c..Foo'-1 ~ Ut'IHZ(i'.a:F 7 PLOT~' 5 2.41 
HVOR£->LEV UI'1TRA*EZPi ... (H'I~ Sd'l-z, 
ROWLER-RICE UfYITFU'~·)(·EZPI..OTI-M'.:M 5.:2'13 • 
COOPER, "13REDHOEFT, PAPADOPUL0SLr-oo'i3 UMTRA*EZi~'L.OTI·~ 5;>..'1'-{ 
@f~NOPH 

( 

( 

( 

• 
( 

( 

( 

·····-··---------------- -·· 



• • FERRIS-KNOWLES SLUG TEST ANALYSIS 
SCODE:MONOl LOCATION:663 DATE:l0/24/85 

3 . 

• • • • .. 2.5 

r • 
i. 
I 

I ~I 
2 

:z ... 1.5 0 
Q ... 
~ 

a: 
Q 

.....:a 1 
~ 

:=:> 
Q -en 
CIQ 

0.5 0:: 

0 

0 0.25 0.5 0. 75 1 1.25 1.5 1. 75 2 2.25 2.5 
) 

TIME (1/MIN) 

1--:: .. 6.0(p7 \IVV\If'... Lj{t)-; d·3 ~t 



1 

0.8 

0.8 

-E-
lAo ......._ 

0.4 &-
lAo -
0 
:X: ......._ -&-

0.2 -:X: 

0 

) 

• 

COOPER,BREDEHOEFT,PAPADOPULOS SLUG TEST ANALYSIS 

1 
10 

SCODE:MONOl LOCATION:663 DATE:l0/24/85 

2 
10 

TIME (SEC) 

• 

• 

.& 

• 

I 

3 4 
10 10 

~--:. )JI)O 5£L o.J· T~ -:. \ 
z 

..-~.. 

• 



------------- -~W-~ -- J b b 3 _____ ·------- ----
-----

----------------- - ---··------ ... ·---

(·--

-. 
--- -- -----·-

-
- --- ·- -- ·-

************************* 
wE~~ !DENTlFiCA~IO~- bb3 

***************************************** 

OA~E 0~ FiELD TES~- 10/24 
LENGir OF CONi~:SUTlNG lN 
FER~:S-K~Ow~ES ~ET~o: 
;o~: D!SCHARGE(Q)= .217 
RECiPROCA~ Ti~E(:/!)= .D 
DRAWDOW~ (sl= 2.3 

te~ 
7£:(\iA~ dU= 4G 

/::,I 

************************* 
THE CALCi.LATED H'J~4:.;L i C 

***************************************** 
,.or.;" .. ,. ..... rv(K' • ~-7·s·- -- f.-tL I.. . .J;.;;,.:!\',,. J= ,;..L:;::l.t:.-~: ~ll1 

********************************** ***** ************************* 
=- 'l . \ 0 )( 'o· ~ f+/ s~c 

....... -----.. - -------

•· 

************************* 
WELL JDEN!!F!CA7!0~- bb3 

***************************************** 

o~~: o= F::~: ~::·- iO/Z4 
~E"~G-:- :.f o= CO'·t ~: a~:7 1 NG : N 
coo=:~-3~EDE~O:=r-?A?AJO= 
;o~:WEL~ ~AD:~: (~:l= .: 
TiME ( tl= 22C: 
************************* 
THE CALCULATED 'l'DRA:..idC 

************************* 

r· ..,~ 

~E~VAL ,( ~) = 4[ 
J~OE KE:i;.tO: 
1:7 

*************************************i'** 
-o~., .... tV''~"Y(K' 3 'b9r4- "'7 f+ fa v i. J:.JV. ! ! }: .! U ·:_•:_: ( 

***************************************** 

-

----- ·----------------

-------------------------------

-- ---- ------------

-

~ :; 1 'J 
!RP~/ 
J --1 J-

----------- ··- - -----. 
-----· 

- -·-· -----

---

---
I 

t=z . 
I 

! -
..,. 

.. 
' .. ---

-~ 

---.-
-----

---- ---------- ------ ··-·· ---- ------
-----------



fJ( JACOBS ~ERNG ~ NC. ,, 
ADVAMCID IYSTIMI DMitON, AJ.IU.UIMUI OPIIATIONS ' 

. 
.•, . 

............... 

SLUG TEST DATA 

SITE ID: fY'otJ ¢f 6/n'J 
STATIC WATER LEVEL: 

LOCATION ID: DATE: 8VrC)(~-? TIME: .2 •. ar f 
SLUG VOLUME (ft.l): a..~l z DEPTH (ft): lo,c ~ 
INITIAL WATER LEVEL (AT t 0 ): OPEN INTERVAL(ft.) 2:Ae.:;;i_ to ~.J3'/ 

asual27 fi'O"n'\. "TT c... 
~ s;i3~(, DATE: TOTAL DEPTH OF WELL (ft): 

~=~.s 
tt"''I"'t\. TO C....... 

.33~ TIME: WELL DIAM. (ft): 

DEPTH (ft FROM fOC): 30.15 FIELD REP: Fr:11.rL I!:J ,·a <>c 
I 

ELAPSED TIME GROUNDW A T~A RESIDUAL H-h 
(MIN. from to) (ft. from TOC) 11tm H/H0 or 

DON (ft.) H-H 0 

:~o lO.~'l. 

.5 ~ 8 ~lb 
/.n -~~.~s 
.s -<~ T-:l. 

~. l") ";JK. fb 
.~ ::l Cf I 'f 

~.0 acr1~ 
.~ ~'f. ~t 

\.f. cD ~i .. ' I 
S'_ 1 i PI 
~0 ~cr,~r 

c. -0 ~or~Cfo 
f..o a.Cj y J 
g ,0 J '1 ~ 7 
? .. {) 'lc9.d>o 

(t!:J .. O )&> 0_'? 

IJ.. D Jo .. (!) -;. 

lf".o ?o d)? 

~0 J.o,ocr 
~.v .l0d0 . 

• ( 

COMMENTS: 



.,._.. 

.... 
. . 

.. 

l 

(_ 

0 

( 

( 

SLUG TEST DA.fA 

SITE: MON01 MONUMENT VALLEY 
LOCATION: 664 
DATE: 10/27/85 

GROUND WATER RESJnUAL 
ELAPSED TIME ---- DEPTH DRAWDOWN H[Tl/HO 

[MINJ [1/MINJ [SECJ [Fl.J [FT.J CFT./FT.J 

.00 .00000 0 

.. 50 2.00000 30 
1.00 1.00000 60 
1. 50 .66667 90 
2.00 .50000 120 
2M 50 .40000 450 
3.00 .33333 180 
:3.50 .28571 210 
4.00 .25000 240 
4.50 .22222 270 
5.00 .20000 300 
6 .. 00 • 166cl7 360 
7.00 .14286 420 
BMOO .12500 480 
9.00 • 1 1 1 1 1 540 

10.00 .10000 600 
12.00 .08333 720 
15.00 .06667 900 
20.00 .osooo . 1200 
25.00 .04000 1500 

FERRIS-KNOWLES~roo~~ 
H'~·'ORbl ... tV 

30. 12 
28. 16 
28.45 
28.72 
28.96 
29. 18 
29.37 
29.48 
29.61 
29.71 
29.78 
29.86 
29.93 
2S'. 97 
30.00 
30. 0~~ 
30.07 
30.07 
30.09 
30. ·iO 

.00 .0000 
1. 96 • 78f!2 
1.67 .1,7 11> 
1.40 .5630 
1. 16 • .'ti.>Mi 

9" • t • 3/'fi() 
.75 .:3016 
.64 r.r.E:>f't 
.51 • 20~.) 1 
.41 • 164S' 
.34 • ·\:~67 
.26 • 10't6 
• 19 .0764 
.15 • 060:::5 
• 12 .04H3 
.09 • () :~4l·· '2 
.OS .0201 
• OEi • 0/::0 ·i 
.03 .<H21 
.02 .OOHO 

UMTRAxF~ZPLOTH4~:it:.. ~~'1~ 
ut··1TP.(:,·ii E/PI. OTt~ S 2,_, C., 
UMTI~A·li·E:ZP Ulrl I ,.1 :~·~: :S~'I7 B Ol..ILER···R ICE 

COOPER, BREDHOEFT, PAPADOPUL.Of:)t;~OOL.iS UMTRA·)fE7PIJiTI+V:;!7 ~'/8' 
@@NDPR 

( . 

( 

" • 
(' 

( 

( 

• 

• 



FERRIS-KNOWLES SLUG TEST ANALYSIS 
SCODE:MONOl LOCATION:664 DATK:10/27 /85 

2 

1.5 
• 

• 
1 / 

I 
I 0.5 

I 

/ • I 

If I 
I 

I:,. I I 

0 

0 0.2 0.4 0.8 0.8 l 1.2 1.4 1.8 1.8 2 

TIMI (1/IIIN) 
) 

• • • 



• COOPER,BREDEHOEFT,PAPADOPULOS SLUG TEST ANALYSIS 
SCODE:MONOl LOCATION:664 DATE:l0/27/85 

1 

0.8 

0.8 

-.... .. -- 0.4 .... .. 
CJ = ---.... 

0.2 -= 

0 I 

***INPUT PA~ITV ERROR*** 
10 

) 

~ 

2 
10 

. 

• 
• 

• 
I& 

.. 

TIME {SIC) : 

~ 

• 
• 

-1::: --- .'; :·. s. ILL. u.J ; .t -~.- :::. \ 
lc 

~ . • 
3 

10 

... ~ 

• 

4 
10 



-·l-----
----···------·-- ---------

• 
------ ~- H.lfftifiHIIHHHHHIUUIHIIIIHIIIIHIHIIIHIHHIIIIHHH 

~LL IDENTIFiCATION- oo4 
------- DAE 0~=" ~="IELD TEST- 10/26/ES 

LENGTH Or CONiRlBUilNG lNiERVAL,(L)= 20 
COO~~R-B~EJEHOE~T-PA?ADOCU~OS MEiHOC 
~O~:wEL~ RAD!~S (R:)= .167 

___ .. _ --- Tii'E(t)= t.: 

-· 

*****************************. **********************************}** 
THE CALCULATED HYDRAJ~iC CO"iJJCiVi"mKl= 3.242907E-~S f+ / SlC.... 
****************************************************************** 

~IJ 

****************************************************************** 
WEL~ !DE~'i~="!CATlO"i- 66~ 
OAiE 0; FiEL~ TES~- 1~/2715: 

LE~GT~ Or CO~T~:s:J~l~G :N'E~vAL,(L)= 

FERRlS-KNO~LES ~:~~o: 

~oR: D:SCHARGE(Q)= .2:7 
RECi~ROCAL iJ~E(litl= .266 
DRAwDOwN (s)= .64 
****************************************************************** 
T .. : cA: c:·: A;:~ ~-<vo~t~·l: :r- co•::-;·cr; .. :;v(Kl= 3 e·~:•~s=-:;1. J '/ · M_ ~- :.J •.. _U .. I(·""-·'" ":JU .• II... . • ::lw~~ _ • ;- l'V\ rl'\ 

****************************************************************** 

. ' 

fli'/JJ 
:;--IJ}-

------·.- ------ ----·--- ----·- ·--- --- ______ .. __________ .. -.--- .. 

----. ---.---.---- . --· _ .. _ .... ·------- ----------·----·- -· --. -·-. ·--···-- -----

. ----- - . ------ -- - .. - ------- --

----- ·----~-----·-

--------------------------- ---------.. ·~····--

·-
------------------- -----· 



( 

fJ( JACOBS ~ERNG GROl.F NC. /291}J 
ADVAMCID Ill TIM I DMitON, ALIU.UIMUI OPIIATIONI 'I \ .. ' ::~1~ ] -11) o.=-.=,1 

SLUG TEST DATA 

SITE ID: '~e> Q; ~ i LOCATION ID: 4-> (Q ~ 
STATIC WATER LEVEL: 
DATE: i~ {to/# TIME:;_ ll. ~I~ f 

SLUG VOLUME (ft.l): ,:1.~12 DEPTH (ft): L.Je.'f/ . • 
INIT~AL WA TEA LEVEL (AT t 0 ): OPEN INTERVAL (ft.) If~. :f to .?092·5" 

~~~ 
DATE: S.~Lte9{_~g TOTAL DEPTH OF WELL (ft): :J..I},6 • Frc.rt"''' 'tO C..... 
TIME: {_:o& a. WELL DIAM. (ft): ,'] l 

' 'j_J, 30 Ec~:Ht DEPTH Ut FROM toe>: FIELD REP: 

ELAPSED TIME GROUNDWATER RESIDUAL 
H/H0 

H-h 
(MIN. from to) 1/tm or 

(ft. from TOC) DON (ft.) H-H0 

t~o '1o.<t l 
,( 3' /9. 
/.o 3f.~s 

; ).~ 1~ .J ~ 
cJ.f'" .38 l.f\ 

( . 1 () l~t'i'l 
•-: J.~ ,, 3f .~o 

1-J.o :!i. ~ 
'1.~ ._lg, ~ r 
s.o ').K ~ b 

:· /,.o Je .. :f.J 
. ··+.o ~g "' 
~ ... c 5 g. 11~-

It: F' ~?. f. y" 
f'J.._ (} \:,.! 1 cr.~?-

' ft./ A"'} 3cr. ~~ 
/f, ,;'J ? 't,,.J~ 
~C .. c!> .3 T. 'to 
·J.'1.o 3 i ~f,· 

a(¥; I (f) 3,. 6?- . 
COMMENTS: ~~,£ I t'~ ~ 

'. . .. I. 



..., 

IJ( JAC08S ENGNERNG GROtJ> NC. -3 ~/ .1---
ADVAMCID IUTIIIII DMIION, ALIU.UIMUI OHI.lTlONI I.: . ~ ~ ·~~ -----• SLUG TEST DATA 

SITE ID:'fY\Qt> )ft LOCATION ID: 6 tf 
STATIC WATER LEVEL: 
DATE: t.t;" /({} h ... 6 TIME: 

F I 
SLUG VOLUME (ft.l): DEPTH (ft): 

INITIAL WA TEA LEVEL (AT t 0 ): OPEN INTERVAL (ft.) to 

DATE: TOTAL DEPTH OF WELL (ft): 

TIME: WELL DIAM. (ft): 

DEPTH (ft FROM fOC): FIELD REP: 

ELAPSED TIME GROUNDW A TEA RESIDUAL H-h 
1/tm H/H0 or (MIN. from to) (ft. from TOC) DDN (ft.) H-H 0 

~~,0 1,.-i-, 
s' ~o 3r,v~ 
'in (') 3 ·~"( 'f~ 
L.f ~ ,o 4tD,.cDn 
beD' .. 'iDeO?-
s~.o '-1~.11 

~ ., 

.~~_;,., 'tn. IS' 
/(!)&, 0 i.ftJ~:l~ 

/.~(), 0 tt~~33 

. 

• 
COMMENTS: ~~~ a~t:~ 



·r . ' . . . . 
. . 

. ·-

( 

SLUG TEST DATA 

SITE: MON01 MONUMENT VALLEY 
LOCATION: 66B 
DATE: 10/2f>i85 

{j ---- ELAPSED TIME 
' • [MIN:! [ 1/MINJ [SECJ 

.oo .00000 

GROUND WATEH 
DEPTH 
[FT.J 

0 40.91 
38. 1 El 

RFSIOUAL 
DFi.AWDOWN 

lFT.J 

.oo 
2. 7:4 

HCT"I/1-10 
[FT./FT.J 

.0000 
1 • ()<i'i' 'i , 

( 

, . 

( 

• 
r 
( 

( 

( 

.so 2.00000 30 
1.00 1.00000 60 38.25 
1. so .66667 90 38.3El 
2.50 .40000 150 38.41 
3.00 .33333 180 38.48 
3.50 .28571 210 38.50 
4.00 .25000 240 3f~. E:~t~ 

4.50 .22222 270 3!3.61 
5.00 • i~OOOO 300 3E:. 6t.: . 
6.00 • 16667 360 38.73 
7.00 .142B6 4?.0 38.81 
8.00 .12500 480 38.85 

10.00 .10000 600 38. !7'8 
12.00 .08333 720 39.07 
14.00 .07143 840 39. 17 
1(:>.00 .06250 960 39.25 
/~0. 00 .05000 1200 39.40 
24.00 .0'+167 1440 39. ~;s 

28.00 .03571 1680 39.67 
32.00 .03125 1920 3'7'. 79 
36.00 • 0277B 2160 37'. 8\:i 

40.00 • 0£:500 2ti00 39.95 
4S.OO • ()2221.~ 2700 40.00 
50.00 .02000 3000 40.07 
ss.oo .018·W 3300 40.11 
60.00 .016{>7 3600 40. 15 

100.00 .01000 6000 40.?.1> 
150.00 .00667 9000 40.33 

FE"Hf~J~)-~(NOWl..ES c. r::oo'l (; 
1-IVORSL.EV 
El f\WI...F.H.-H ICE 
COOPER, BREDHOEFT, PAP?,DOPULOS c.foo~7 

l~@NnPr\ 

2.66 1. 06'7'7 
2. 5:1 1 r. () ·'i/ 4 
2.50 1. 00~")4 
2. 4:::; .. 9//'/:: 
2.41 • 91:,91.~ 
2.33 .. c;·:~? () 
2.30 • 9~?49 
2. 2~") .90-'+fi 
2. 18 • ::.:;;' (.)7 

2. HI • f.~44E:: 
2.06 • :=: :r.~ }~ lj, 
1. 9:i .776-'t 
1. 84 .7400 
1.71t .69'7'7 
1.66 .1)/)7 6 
1. 51 • 60/'i~ 
1.36 • !:.:;·~69 
1.£:4 • 47'F:/ 
1.12 . 't~·;o4 
1.06 • '• ~2l· :~: 

.96 • :·in!:."> 1 
• 9 ·'t • 3(:.{.(! 

.B4 .:-=:37H 

.80 .3:?·i7 

.76 .:"";()!j; 
6l:" " ... , .26·i<i 

.58 • r~~]~~L~ 

UI 1ITHf:c·)(·FZPI.OT~i sz "1 q 
LII'ITRA11:·F:~ l.P L.O rl+-'tfr-1 S-250 
UI·HP.t4:;(F/PU.1TI··I!.·l2 S~ .SI 
UI'ITRAX·FZ~'L.O T"l~.s~.5~ 

-

• 

• 

• 



FERRIS-KNOWLES SLUG TEST ANALYSIS 
SCODE:MONOl LOCATION:668 . DATE:l0/26/85 

3 

.... 

•• 2.5 

•• 
• 

2 • 
•• 

• 
::z; : ... 1.5 0 
Q ... 
..: 
a: 
Q 

~ I 
..: 

i • 
f, -

:::> 
Q A, -rn 
DQ 

0.5 a: 
~ I 

j I 

I 

I 

0 I 

0 0.2 0.4 0.6 0.8 I 1.2 1.4 1.6 1.8 2 

TIME (1/MIN) 

) 
•r 

• • • 



• 
1 

0.8 

0.8 

(!JAIT-LAST --tlJAIT-LA~t - . 

0 = ---..... -= 

) 

0.2 

0 

• COOPER,BREDEHOEFT,PAPADOPULOS SLUG TEST ANALYSIS 
SCODE:MONOl LOCATION:668 DAT£:10/26/85 

~NPUT 

riNPUT 

1 
10 

IGN~ 

IIGN 

RE D~ 

DRE ID~ 

2 
10 

. • 

TIME (SEC) 

~ 
•• 

• 
lA.,. 

~ 

~ 

,, 

l.t 

3 
10 

... 

• 
• 

.t • 
• • 

•• 
4 

j 

• 

4 
10 



_______________ W ~ __ fob l6 

-------------------- ------

----------------------------------
----·- -· - ·--··-·----

----- ----------------------:-

·---

.---

... ---------··-- ___ ... __ --

****************************************************************** 
~E~~ IDEN~lFlCA~!ON- 668 
DATE OF Fi:~: ::s~- lD/26/E: 
LENG~~ OF co~r~:au~:NG lN~E~vA~,(L)= 7D 
coo=:~-s~:J:;.;o::=--:--?A=Aoo=~.Las ~o~::r;.;o: 
;o~:WEL~ ~AJ:~S (~:i= .:b7 
T!!'IE(cl= 52: 
***•***************~********************************************** 
ii-i::. :4_:J~A ~::: :.;VJ~A~-: c CO'\J~.C: v: ~\' ( K j = : . iJ2;L. 9:.-: ~ t t I r. t..C, 

***~*********************************************************'**** 

****************************************************************** 
w~~L l0E\~::::A-iON- b6E 
DA-:: 0; ;::L: ~:s·- !:126/~~ 
L:r.;;~~ QF C0\·;:3~~:r.;G :~~E~vA~,(L)= 2~ 

=:~~:S-KNO~~~S ~:·;.;c: 
=o;: ::s:~A~~E~Q)= .2:, 
RECi=~o:c.~ ~!ME(:i:)= -~'~ 
D~A~JGw~ (si= 1.36 
****************************************************************** 
i~E CALCLt.~:.o '-'i'J~AJLlC CO~::x·;;,;;-v(K)= 2.666L.3E-~~ tir-/ 11'\in 
****************************************************************** 

:: 4.44 '1.\~-f.f+/sf.C-

----------------- ·--------

--------------- -----------



'· 

rJE J.6C08S ENGMERNG ~ NC. 
. .. 

·.. : ~ 

•· ···_ .. ~ 
ADYA.MCID If I TIM I DIVIItON, AUutaUIMUI O,.IATIONI .....-......-.. 

( SLUG TEST DATA 

SITE aDMc?o rit 
STATIC WATER LEVEL: 

;} :s<O f LOCATION ID: 'b + DATE: £5./CI/ ;)..6 TIME: 
I I 

SLUG VOLUME (ft.l): Q I liZ?al :z DEPTH (ft): jj~tO . 

INITIAL WATER LEVEL (AT t0 ): OPEN INTERVAL (ft.) ,32: to 5":} 

8s~ /2- ~ 
~ r(IW\... 'TO c.. 

DATE: TOTA~ DEPTH OF WELL (ft): 5'1 
I I r~TOC-

TIME: /f) ':ft.~ 8 WELL DIAM. (ft): o;3~3 

DEPTH (ft FROM fOC): ~ !~ ~ 0 FIELD REP: fi:. ''tJ. s. 
ELAPSED TIME GROUNOW A TER RESIDUAL H-h 

1/tm H/H0 or (MIN. from to) (~mTOC) DDN (ft.) H-H 0 

!fJO _tf]. 5(}_'') 
~s '{[_~r,]/ 
/,0 't} ~J 

'-' '-1 ,. • ' "-~ 
., 20 L. ±~jd. 

{ ~.~ "~" i 0 ~ 
].0 Lfg c l 0 

"1( "1~ . ~ 
· Lf.o ~g"~1 

'f.( L(g. 'l I 
r..o 'tK.~:3 

6-o ~~c. 11-
'1-.0 t.; rK.{:A 
f.O _'i&__~_'l 

/c9D '-18.1o 
1.2,0 jL __ FQ_ 

~/If .. 0 'it.Rf... 
/t,_o 4( t. ?o 
«.{.O !ft. YV 

·~, 0 '11.~ . 
COMMENTS: ed,~ lc~~ 2 • 



fJI JACOBS ENGMERNG ~ NC. .. 
ADYANCID IYinMI DMitON, AUU.UiteUI O"IATIONI 

........ ~ 
--...--.... ' 

SLUG TEST DATA 

SITE ID: .111. ~ 0 (J:_ LOCATION ID: 6 ~ 1 
STATIC WATER LEVEL: 
DATE: ~£( (e> {?zt£ TIME: 

' I 'i.t (0 SLUG VOLUME (ft.S): DEPTH (ft): 

INITIAL WATER LEVEL (AT t0 ): OPEN INTERVAL (ft.) to 

DATE: TOTAL DEPTH OF WELL (ft): 

TIME: WELL DIAM. (ft): 

DEPTH (ft FROM fOC): FIELD REP: 
I. 

ELAPSED TIME GAOUNOW A TEA RESIDUAL H-h 
1/tm H/H0 or (MIN. from to) (ft. from TOC) DON (ft.) H-H 0 

3/,,0 '1r. o 'i 
],, 0 'f?.OCo ,. 
'i/,0 'il ~" 
t;~ 0 'i1.0b (. 

. 

~· 
COMMENTS: ~dj~ ~~E~ 



.~ 

1·)3 ·---::· . ..:· 
SLUG TEST DATA .,. . 

11/J ... .. l SITE: MONUMENT VALLEY . . 
LOCATION IO: 669 

DATE: 10/26/85 
l 

GROUND WATER RI:-SIOUAL • ., ----- ELAPSED TIME ----- DEPTH DRAWI)OWN HCTJ/HO 
(.' CMINJ C1/MINJ CSEC) CFTJ CFlJ CFT/FTJ 

------- -------- ----- ------------ -------- --···----
(• .oo .00000 0 ~ .00 .0000 

.so 2.00000 30 1 1.49 .5994 
1.00 1.00000 60 47.73 1.37 .5512 

( 1.50 .66667 90 47.84 1.26 .5069 
2.00 .50000 120 47.92 1.18 .4747 
2.50 .40000 150 48.02 1.08 .4345 c 3.00 .33333 180 48.10 1.00 • 402:~ 
3.50 .28571 210 48.18 .92 .1701 
4.00 .25000 240 48.23 .87 .3500 
4.50 .22222 270 48.31 .79 .3178 
5.00 .20000 300 48. 3:~ .77 .3098 
6.00 .16667 360 48.47 .63 .2535 

( 7.00 .14286 420 48.52 .58 .2a33 
8.00 .12500 480 48.59 .51 .2052 

10.00 .10000 600 48.70 .40 .1609 
12.00 .08333 720 48.80 .30 .1207 
14 .. 00 .07143 840 48.86 .24 .0966 
16.00 .06250 960 48.90 .20 .0805 

( 21.00 .04762 1260 48.98 .12 .0483 
26.00 .03846 1560 49.02 .08 .0122 
31.00 .03226 1860 49.04 .06 .0241 • t 36.00 .02778 2160 49.06 .04 .0161 
41.00 .02439 2460 49.06 .04 .0161 
46.00 .02174 2760 49.06 .04 .0161 

( 

I'IAPPER DATA FILE . MON01*UDPSTD100015 . 

( 

• 
( 

( • 
---r .. -. - . . . . -.... 



::r 
\1" BOUWER-RICE SLUG TEST ANALYSIS 
-'<:".~~ 

~~ 
SCODE:MON01 LOCATION:669 DAT£:10/26/85 

()I '\'\-· -... --
.... 
~ .... 

-.A. 

• 

-
:z: -- ( • 0 
Q --- I 
~ 
iCII:: 

10 - 1 Q 
• 

......3 --
~ 

:::> -
Q -en - -
!WI ' 
iCII:: 

I 

I 

I 

0 500 1000 1500 2000 2500 3000 

TIME {SIC) 

) r :: , .' (' ~·, r u ~~ · -- c7 . J c.., r\ 
. \ .:.'.: ' 

• • • -------------------------------------



• 

C) 

= .......... -.,_ -= 

) 

• HVORSLEV SLUG TEST ANALYSIS 
SCODE:MONOl LOCATION:669 

~-."'" -a • 

•• -. 
•• ... 

• 
_A 

\. 
'\ 
'\ 

'\ • 

• 
• 

0 5 10 15 20 25 30 

Tllll (MIN) 

T (J ~ ·j . '. I\ • ' I ·~ 

• 
DATE:10/26/85 

• • • 

35 40 45 50 



-·-

•• 

• 

****************************************************************** 
wElL JDE~T!;lCATiON- b69 
DATE O" "!E~G TES'- i012ble5 
LENc71 0~ CO~:~:SwTi~~ :N~S~VAL,(Ll= ZC 
BOu~:~-~ICE M~T10D 
=o~ ~E~~ RAJlUS(~:l= .167 
BORE10L.E RAJi~S(R.:)= .33 
HEAD AT ToiY:i= 2.5 
TiME TO HEAD ~EASU~:~:~~(t)= i2C 
;.;EAJ t.,• "ifoiE ,(Yt)= .3 ~ 
D:S~A~C: ~~o~ ~A·E~"A3~: "C 30~-c~ C" o~:, 0~ S:R::~:: l~7E~VA~(Lw)= ~ 
o:s'A"~: ~Ro" i.W~:R-:-As~: '0 iM~:Rw.:As~: SOJ"iJA~.,.,;.;l= 9.49 
****************************************************************** 
···- -A- C'" A--~ "~·n-A''' .,. rol~,.. .. ,.., ...• .,., .. \ - 36T'- -L r '/ !"'!: :.. .. ~ ;.:~ ·:.; ~.:.;~.:..:~ • ._ ""!'1l.JL.!._·~V!!. ~~= :J. ~4:-..;c -t'Jr' SQ(_, 

****************************************************************** 

__ .. _______ .. ______ _ 
~=~~ !DEN.l"lCA'l~•\- 669 
JA•: o~ •::~: ~:s7- :~t26ie~ 
~ENG';.; 0~ CON'R!3uilN5 lNTERVA~,(~)= 2: 
wVORS_EV t-E-:-;.;oJ 
;oR ~E~~ RAJ:JS(·)= .~67. 

BORE"'O~E RA.:::.:S\Ri= .33 
A.NC ::~E LA.G(Tc)= 5 
****************************************************************** 
T"- (A,: r"; t.T;"' i-iYQ. -A:i· Jr (Ql:~~ii"Tt":T~'I"): - r·-:.;3:-~i. +-f. /to\it\ . t1t:. . _ ... u.~. _., . .. !': .~- ... ,;.~~... • v. , " ::1. £:;_ - ... 

= q .C)"\ 'f. l o-"' .f+! sec., 

··---. ·--------·--- .. -·---
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Section 17.1.~ 

nfl JACOBS ENGINEERING GROUP INC. 
~ ALtUeUIMUI Ofli&Anc.& 

CALCULATION COVER SHEET 

11. ~ /C?J' ... LJt/ 
:l? 

CALC No.tJAl&J-;1- ~-tf/-~ DISCIPLINE //wd<o&A£4 NO. OF SHEETS ~ Z' 
r 7.4 7 7J 

PROJECT: v 

u;J1!XA . 
SITE: 

/J7t:Jt1J ~I 

FEATURE: 

61't:?,r:r;7ddJ '""' 1~ C/k,lf &1.J <?I /J1011c;;n,-/tfo 
tb//,-~ p;t!J/M Sl~ , 

SOURCES OF DATA( 

·._ .• a~A·r f,-t//c/c:7/a r :;{:/fi;.r ;V/2:7/flt'l?r 
,/c-//-4' r't?lkt-~/ -r 7; C'. 

SOURCES OF FORMULAE & REFERENCES: 

{a/(. 
.f vf} (tO /Jv tf - t7 pl- ;t/- ~cl.. - c:/ t/' 

///!c. J~ /()t/;1}- t:Jf -qj..- ;{j -t7J>-o'/) 

PRELIMINARY CALC. D FINAL CALC. 0 SUPERSEDES CALC. NO. 

o/~ ~21tt I?RP ld·v--4J . 
\....) I 

REV, ' 
NO, 

REVISION CALCULATION CHECKED APPROVED 
BY 

DATE DATE DATE 
BY BY 

- -



MONUMENT VALLEY CALCULATION MON01-11-92-14-06/07-00 

CALCULATION OF HORIZONTAL AND VERTICAL HYDRAULIC GRADIENTS 
AND GROUNDWATER FLOW VELOCITIES, MONUMENT VALLEY PROCESSING SITE 

A. PURPOSE OF CALCULATION 

To calculate average linear groundwater flow velocities within 
the alluvium, Shinarump sandstone and D& Chelly sandstone at 
the Monument Valley, Arizona site. 

B. METHOD AND PROCEDURES 

General groundwater flow directions were determined with water 
table or potentiometric surface maps. Monitor wells pairs (one 
upgradient and one downgradient) parallel flow directions were 
then selected. The distance between each pair and the 
hydraulic head change were then used to calculate a gradient 
for each date water level measurements were available. 

C. ASSUMPTIONS 

It is assumed that the hydraulic conductivities, hydraulic 
gradients, and porosities used in the calculations are 
sufficiently conservative to predict the maximum average 
linear velocity. 

D. MATERIAL PROPERTIES 

The data set of hydraulic conductivities consists of twenty 
values for the the alluvium, Shinarump conglomerate and De 
Chelly sandstone obtained from field investigations performed 
by the TAC. The data set is summarized in Table 1. 

E. DATA SOURCES 

Water level data and the aquifer parameter data collected by 
the TAC. 

Average linear groundwater flow velocities were calculated 
using data from the following sources: 

(1) hydraulic conductivites determined from slug tests (Calc. 
MON-08-92-14-02-00) and from an aquifer test (Calc. MON-
08-92-14-03-00). 

(2) hydraulic gradients determined from groundwater contour 
maps contained in this calculation. 

• 

• 

(3) porosity values obtained from Freeze and Cherry {1979). • 



• F. CALCULATION AND ANALYSIS 

• 

• 

The average linear horizontal flow velocity was calculated 
using the following equation: 

v = Ki/n 

where: 
v = horizontal flow velocity (ft/day) 
K = horizontal hydraulic conductivity (ft/day) 
i = horizontal gradient (dimensionless) 
n = effective porosity (dimensionless) 

Determination of effective porosity 

Effective porosities for the each unit were taken from the 
literature (Freeze and Cherry, 1979). For the sake of 
conservatism, effective porosities were chosen at or near the 
low end of the range found in the literature. The porosities 
chosen for each for each water-bearing unit is shown in Table 
2. 

Table 2 

Value of 
Water-bearing Unit Lithology Porsity n(%) 

Alluvium Well-sorted sand 25 

Shinarump Well-sorted sandstone 10 
Conglomerate 

De Chelly Sandstone Well-sorted sandstone 10 

Determination of hydraulic gradient 

The hydraulic gradient is the change in head (dh) over a given 
distance (dl) in the direction of groundwater flow. The 
hydraulic gradients were calculated using monitor wells 603 
and 653 for the alluvium, 601 and 659 for the Shinarump, and 
663 and 664 for the DeChelly (Figures 1- 3). 

Alluvium 

The hydraulic gradient in the alluvium was calculated by 
determining the change in head and distance bewteen monitor 
wells 603 and 653. These monitor wells were chosen because a 
line drawn between them is nearly parallel to the direction of 
groundwater flow. The water level elevations for each of 



these monitor wells is presented in Table 3. The distance 
between these monitor wells (dl in feet) as determined by • 
their location coordinates is approximately 3482 feet. The 
resultant hydraulic gradient is 0.011 for each date. 

Shinarump conglomerate 

The hydraulic gradient in the Shinarump Conglomerate was 
calculated by determining the change in head and distance 
between monitor wells 601 and 659. The water level elevations 
for each of these monitor wells is presented in Table 3. The 
distance between these two points (dl in feet) as determined 
by their location coordinates is approximately 4141 feet. The 
resultant hydraulic gradient is 0.010 for each date. 

De Che11y sandstone 

The hydraulic gradient in the De Chelly Sandstone was 
calculated by determining the change in head over the distance 
between monitor wells 663 and 664. The water level elevations 
for each of these monitor wells is presented in Table 3. The 
distance between these two points (dl in feet) as determined 
by their location coordinates is approximately 2380 feet. The 
resultant hydraulic gradient is 0.011 for five dates and 0.012 
for two dates with an average of 0.011. 

Vertical Gradients 

In the Monument Valley site area, there are three monitor well 
clusters that have wells completed in the DeChelly Sandstone, 
Shinarump, and alluvium aquifers. Two monitor well clusters 
have wells completed in the DeChelly Sandstone and alluvium 
only (Figure 4). A compilation of all historical water level 
elevations in these clusters in shown in Table 4. Water level 
differences between the alluvium and DeChelly in each cluster 
are also shown in this table. 

In cluster 1, just north of the tailings pile within the 
alluvium contaminant plume, an upward gradient exists with an 
average water level difference of 3.8 feet. In other words, 
the potentiometric surface of the DeChelly Sandstone is 3.8 
feet above the alluvium water table. In cluster 2 (Table 4), 
further to the north (Figure 4) , the DeChelly Sandstone 
potentiometric surface historically averages 5.2 feet above 
the alluvium water table. 

In cluster 3, north of 619 (Figure 4), the DeChelly Sandstone 
potentiometric surface historically averages 4.1 feet above 
the alluvium water table. In cluster 4, a head difference 

• 

between the DeChelly and alluvium of over 10 feet is recorded • 
up to 1987. Since 1989 however, the gradient has changed from 
upward to downward. The reason for this change in vertical 



• 

• 

• 

gradient over time is unknown. Incidently, there is no cause 
for concern about this condition because this area of the 
alluvium is not contaminated with the nitrate plume. 

DeChelly well 625 and alluvium monitor well 604 are 400 feet 
apart, not close enough to be considered a cluster, but a 
comparison of water levels gives an indication of the upward 
gradient in this area. The average difference between the 
DeChelly pontentiometric surface and the alluvium water table 
in these wells is 8.3 feet. 

These historical water level differences between the DeChelly 
potentiometric surface and the alluvium water table indicate 
that over the area of the site downgradient of the tailings 
piles, there has been an upward gradient from the DeChelly to 
the alluvium. This has prevented the nitrate contaminant plume 
in the alluvium from moving downward stratigraphically. 

Determination of hydraulic conductivity 

The hydraulic conductivities in the alluvium, Shinarump 
Conglomerate and De Chelly sandstone were obtained from 
analysis of slug test data collected by the TAC (See 
Calculation No. MON-01-08-92-14-02-00). An aquifer pumping 
test w~s also performed in a monitor well 651 screened in the 
alluviuln (see Calculation No. MON- 01-08-92-14-02-00). The 
hydraulic conductivities determined from the slug tests an 
aquifer aquifer test is summarized in Table 1. 

Table 4 summarizes the calculated range of average linear 
groundwater flow velocity for each water-bearing unit. 

G. CONCLUSIONS AND RECOMMENDATIONS 

Alluvial Aquifer 

Hydraulic conductivities computed from slug test data showed 
a variation in values ranging from 0.33 to 3.5 feet/day. The 
hydraulic conductivity computed from the aquifer test data 
resulted in a value of 19 feet/day. The range of average 
linear groundwater velocities in the alluvium were calculated 
using hydraulic conductivities ranging from o. 33 to 19 ft/day, 
~hydraulic gradient of 0.011 to the north (Figure 3.8), and 
an assumed effective porosity of 0.25. Using Darcy's Law, the 
range of average linear velocities for groundwater flow in the 
alluvium is from 5 to 300 ft/year. 

Shinarump Conglomerate 

Hydraulic conductivities computed from slug test data showed 
a variation in values ranging from 0.39 to 8.1 feet/day. The 
range of average linear groundwater velocities in the 



Shinarump Conglomerate were calculated using these hydraulic 
conductivities, a hydraulic gradient of 0.010 to the north 
(Figure 3 • 8) , and an assumed effective porosity of o. 10. 
Using Darcy's Law, the range of average linear velocities for 
groundwater flow in the alluvium is from 15 to 290 ftfyear. 

De Chelly Sandstone 

Hydraulic conductivities computed from slug test data showed 
a variation in values ranging from 0.018 to 2.8 feet/day. The 
range of average linear groundwater velocities in the De 
Chelly sandstone were calculated using these hydraulic 
conductivities, a hydraulic gradient of 0.011 to the north 
(Figure 3.8), and an assumed effective porosity of 0.10. 
Using Darcy's Law, the range of average linear velocities for 
groundwater flow in the alluvium is from 0.8 to 120 ftfyear. 

Vertical Gradient 

There is an upward vertical gradient from the DeChelly to the 
Shinarump and alluvium over most of the site area. 

H. REFERENCES 

Calculation Set MON-08-92-14-02-00 
Slug Test Analyses for Monitor Wells: Monument Valley Site 

Calculation Set MON-08-92-14-03-00 
Aquifer Pumping Test Analysis of Monitor Well 651 

Freeze and Cherry, 1979, Groundwater, Prentice-Hall Inc. 
Englewood Cliffs, New Jersey, 604 pp. 
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• • 
TABLE 1 
SUMMARY OF HYDRAULIC CONDUCTIVITIES CALCULATED 
FROM SLUG TESTS AND ONE AQUIFER TEST (Monitor well 651) 

HYDRAULIC CONDUCTIVITY (K) - FEET/SEC 
Arithmetic 

Formation Well J.D. Bouwer-Rice Hvorslev Ferris-Knowles CBP MeanK 

AL 602 4.3E-06 3.3E-06 N/A N/A 3.8E-06 

AL 604 1.7E-05 N/A N/A N/A 1.7E-05 

AL 605 3.6E-05 4.6E-05 N/A N/A 4.1E-05 

AL 651 N/A N/A N/A N/A 2.2E-04 

AL 653 3.3E-05 4.5E-05 N/A N/A 3.9E-05 

AL 655 3.9E-05 4.6E-06 N/A N/A 4.3E-06 

AL 656 2.8E-05 3.2E-05 N/A N/A 3.0E-05 

AL 662 2.0E-05 2.9E-05 N/A N/A 2.5E-05 

AL 669 5.4E-06 9.5E-06 N/A N/A 7.5E-06 

DC 610 2.2E-06 2.7E-06 9.5E-07 3.1E-06 2.2E-06 

DC 612 N/A N/A 1.8E-06 2.9E-06 2.4E-06 

DC 657 N/A N/A l.lE-06 4.1E-06 2.6E-06 

DC 661 N/A N/A N/A 2.1E-06 2.1E-06 

DC 663 N/A N/A 2.1E-07 3.2E-07 2.7E-07 

DC 664 N/A N/A 3.2E-05 6.0E-06 1.9E-05 

DC 668 N/A N/A 4.4E-07 1.7E-06 l.lE-06 

SR 601 5.5E-06 N/A N/A N/A 5.5E-06 

SR 658 1.4E-05 N/A 4.9E-06 2.3E-05 1.4E-05 

SR 659 1.2E-05 N/A 4.5E-06 2.1E-05 1.3E-05 

SR 660 9.4E-05 N/A 7.2E-05 N/A 8.3E-05 

Geometric 
MeanK 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

2.0E-06 

N/A 
N/A 
N/A 
N/A 

1.4E-05 

8.6E-07 

N/A 
1.2E-05 

l.OE-05 

N/A 

AL- ALLUVIUM ALLUVIUM K RANGE: 3.3E-06 to 2.2E-04 ft/s = 0.28 to 19ft/day 

DC - DECHEUEY MEMBER OF TilE C1.Til..ER FORMATION DECHELL Y K RANGE: 2.1E-O!I to 3.2E-05 ft/s = 0.018 to 2.8 ft/day 

SR - SHINARUMP MEMBER OF TilE CHINLE FORMATION SHINARUMP K RANGE: 4.!1E-06 to 9.4E-0!1 ft/s = 0.39 to 8.1 ft/day 

CPB- COOPER-BREDEHOEFT-PAPADOPULOS METIIOD 

NOlE: Single Aquifer Test Conducted in Alluvial MW 651 

• 



TABLE 2 
EFFECTIVE POROSITY OF MON01 
GEOHYDROSTRATIGRAPHIC UNITS 

Water-Bearing Value of 
Unit Litholo~ Porositv nl%) 

Alluvium Well-Sorted Sand 25 
Shinarump 

Con£}omerate Well-Sorted Sandstone 10 
DeOlelly 
Sandstone Well-Sorted Sandstone 10 

• 

• 

• 



• 
NORTII EAST FORMATION 

LOCATION COORDINJITL COORDINATE OF 
ID (FT) (FT) CCJ4PLETION 

0601 54980.4 88017.7 SR 

0602 563n.4 88661.2 AL 

0603 57812.7 89036.9 AL 

FORMATION OF CCJ4PLETION CODE: 
SR · SHINARUMP MEMBER OF THE CHINLE FORMATION 
AL • ALLUVIUM 

•• \AC3L.E 3 
STATIC GROUNDWATER LEVELS 
ALL MONITOR YELLS • ALL DATES 
SITE: MON0~ u~NUMENT VALLEY 
REPORT !:· !: '. : · •JZ/22!93 

......... 
c:.:'NG SCREEN 

FLOW Ei ·:\·~ TION BEGINNING 
CODE (II ~SL) DEPTH (Fl) 

u 4884.43 15.00 

N 4864.02 22.00 

c 4848.56 45.00 

SCREEN 
LENGTH 
(FT) 

10.0 

10.0 

10.0 

--· 
DEPTH FRCJ4 

TOP OF 
LOG DATE CASING (FT) 

02/15/85 18.40 
03/07/85 13.70 
03/12/85 14.00 
06/04/85 14.03 
08/15/85 14.50 
04/07/86 13.84 
10/09/86 14.16 
03/26/87 13.98 
05/08/87 13.67 
05/31/91 13.91 
02!23/92 13.98 
08/11/92 15.50 
11/22/92 13.70 

03/07/85 8.10 
03/12/85 8.30 
04/23/85 8.41 
06/04/85 8.50 
08/18/85 9.43 
04/06/86 8.57 
10/09/86 9.03 
03/26/87 8.79 
05/08/87 8.32 
04/21/88 8.03 
06/04/89 9.04 
05/30/91 8.57 
02/25/92 8.66 
08/10/92 9.32 
11/22/92 8.60 

02/15/85 13.90 
03/07/85 10.20 
03/12/85 14.40 
04/23/85 10.25 
06/04/85 10.31 
08/15/85 10.88 
04/06/86 10.33 
10/09/86 10.37 
03/26/87 10.40 
05/08/87 9.96 

• 
GROUNDWATER 

ELEVATION 
(FT MSL) 

4866.03 
4870.73 
4870.43 
4870.40 
4869.93 
4870.59 
4870.27 4 '2-.f 
4870.45 
4870.76 ~ 
4870.52· 

4/ B'li. '2. 
<~-r'LI . ., 
'if'l&-.7 

d'l.G. 
vz., 

4870.45 
4868.93 
4870.73 

4855.92 
4855.n 
4855.61 
4855.52 
4854.59 
4855.45 
4854.99 
4855.23 
4855.70 
4855.99 
4854.98 
4855.45 
4855.36 
4854.70 
4855.42 

4834.66 
4838.36 
4834.16 
4838.31 
4838.25 
4837.68 
4838.23 
4838.19 
4838.16 
4838.60 

<1. 

~ 

~4"1-&.'f 

&- 2 rr. t' 
''Z.~ ·'1 

~z./ 

4/0.S' 

"'·&' 

<~'1'*'·' sr. 5' 
~7'fi.'i $'1. 3 

4'7'1,,.,-; 1i'. 7 

FLOW RELATIONSHIP CODE: 
U • UPGRADIENT 
N · UNKNOWN 
C · CROSS GRADIENT 

. 
l 

o.ol(.) 
o.ulv 
o.ult.J 

u .vlo 

0 ·6 f C> 
o.olo 

().Oil 

0. D I/ 

6. 0 ,, 



NORTH EAST FORMATION 
LOCATION COORDINATE COORDINATE OF 

ID (FT) (FT) COMPLETION 

0603 57812.7 89036.9 AL 

0604 58397.0 89424.6 AL 

0605 58707.6 90066.7 AL 

FORMATION OF COMPLETION CODE: 
AL • ALLUVIUM 

• 

TA'SLE ·3 (c_tnAt ·) 
STATIC GROUNDWATER LEVELS 
ALL MONITOR WELLS • ALL DATES 
SITE: MON01 MONUMENT VALLEY 
REPORT DATE: 02/22/93 

CASING SCREEN 
FLOW ELEVATION BEGINNING 
CODE (FT MSL) DEPTH (FT) 

c 4848.56 45.00 

c 4839.09 15.00 

D 4833.96 17.00 

• 

SCREEN 
LENGTH 

(FT) 

10.0 

15.0 

15.0 

DEPTH FR<Jt GROUNDWATER 
TOP OF ELEVATION 

LOG DATE CASING (fT) (FT MSL) 

04/22/88 9.15 4838.81 
06/04/89 10.38 4838.18 
05/31/91 10.25 4838.31 
02/22/92 10.46 4838.10 
08/10/92 10.56 4838.00 
11!21/92 10.05 4838.51 

02/15/85 12.20 4826.89 
03/07/85 8.10 4830.99 
03/12/85 8.20 4830.89 
04/23/85 8.11 4830.98 
06/04/85 8.26 4830.83 
08/18/85 8.89 4830.20 
04/06/86 8.09 4831.00 
10/09/86 8.23 4830.86 
03/26/87 7.80 4831.29 
05/08/87 7.71 4831.38 
06/05/89 8.19 4830.90 
05/31/91 1.99 4831.10 
02/22/92 8.09 4831.00 
08/11/92 8.30 4830.79 
11/19/92 7.75 4831.34 

02/15/85 15.20 4818.76 
03/07/85 9.10 4824.26 
03/12!85 9.50 4824.46 
04/23/85 9.63 4824.33 
06/04/85 9.68 4824.28 
08/20/85 10.53 41323.43 
04/05/86 9.67 4824.29 
10/09/86 10.12 4823.84 
03/26/87 9.53 4824.43 
05/08/87 9.35 4824.61 
04/21/88 9.27 4824.69 
06/05/89 9.91 4824.05 
12!04/89 10.76 4823.20 
06/19/90 10.30 4823.66 
01/25/91 9.98 4823.98 
05/31/91 9.80 4824.16 
08/15/92 10.40 4823.56 
11/22/92 9.65 4824.31 

FLOW RELATIONSHIP CODE: 
C • CROSS GRADIENT 
D • DOWN GRADIENT 

& .;~ A 
I 

c. 

.f~oo. l> \ ~-~ u.oll 

i/-,qq.1 ~~--~ 0. 0 ,, 

cf 71<1j ,; '3t·1 0 .ull 

o/rc:t<t. r 3lJ.'1 b.t>/1 

• 



• 
NORTH EAST FORMATION 

LOCATION COORDINATE COORDINATE OF 
ID (FT) (FT) COMPLETION 

0606 59034.2 88634.0 AL 

0607 59657.2 87519.2 SR 

0608 58685.7 87189.4 DC 

0609 59052.1 87652.9 SR 

FORMATION OF COMPLETION CODE: 
AL • ALLUVIll4 
SR • SHINARUMP MEMBER OF THE CHINLE FORMATION 
DC • DECHELLEY MEMBER OF THE CUTLER FORMATION 

• lA ~ L-E: 3 umt. 
STATIC GROUNDWATER LEVELS 
ALL MONITOR WELLS • ALL DATES 
SITE: MON01 MONUMENT VALLEY 
REPORT DATE: 02/22/93 

CASING SCREEN 
FLOW ELEVATION BEGINNING 
CODE (FT MSL) DEPTH (FT) 

D 4863.31 35.00 

D 4871.26 12.50 

0 4903.11 100.00 

0 4880.17 9.00 

SCREEN 
LENGTH 
(FT) 

10.0 

10.0 

20.0 

5.0 

DEPTH FROM GIUJIJilDWA TER 
TOP OF (i l:'IATION 

LOG DATE CASING (FT) < 'ii MSL) 

03/07/85 35.20 4828.11 
03/12/85 35.40 4827.91 
04/23/85 35.37 4827.94 
06/04/85 35.39 4827.92 
04/05/86 34.95 4828.36 
10/09/86 35.18 4828.13 
03/26/87 34.89 4828.42 
05/08/87 34.82 4828.49 
04/22/88 34.61 4828.70 
06/07/89 34.08 4829.23 
12/01/89 36.20 4827.11 
06/23/90 35.11 4828.20 
01/27/91 34.74 4828.57 
06/01/91 34.96 4828.35 
02/21!92 35.06 4828.25 
08/11/92 35.0 4828.31 
11/24/92 34.62 4828.69 

02/15/85 DRY -
03/07/85 DRY . 
03/12/85 DRY . 
04/23/85 DRY . 
06/04/85 DRY . 
04/06/86 DRY . 
03/26/87 DRY . 
05/08/87 DRY . 
06/06/89 DRY . 
11!23/92 DRY . 

04/23/85 58.38 4844.73 
06/04/85 57.80 4845.31 
08/16/85 58.00 4845.11 
04/07/86 57.62 4845.49 
10/09/86 57.25 4845.86 
03/26/87 57.64 4845.47 
05/08/87 57.44 4845.67 

02/15/85 DRY . 
03/07/85 DRY -
03/12/85 DRY . 

FLOW RELATIONSHIP CODE: 
D • DOWN GRADIENT 
0 • ON·SITE 

• 



• 

---~---------------------------------

NORTH EAST FORMATION 
LOCATION COORDINATE COORDINATE OF 

ID (fT) (FT) CCJtPLETION 

0609 59052.1 87652.9 SR 

0610 56338.8 88611.6 SR 

0611 57811.0 89017.5 DC 

0612 58437.2 85614.8 DC 

0613 56377.8 88643.7 DC 

FORMATION OF CCJtPLETION CODE: 
SR • SHINARUMP MEMBER OF THE CHINLE FORMATION 
DC • DECHELLEY MEMBER OF THE OUTLER FORMATION 

fAt13LE" 3 r~. 
STATIC GROUNDWATER LEVELS 
ALL MONITOR YELLS • ALL DATES 
SITE: MON01 MONUMENT VALLEY 
REPORT DATE: 02/22/93 

CASING SCREEN 
FLOW ELEVATION BEGINNING 
CODE (FT MSL) DEPTH (FT) 

0 4880.17 9.00 

N 4861.81 65.00 

N 4848.35 155.00 

N 5001.74 170.00 

N 4862.82 140.00 

• 

SCREEN 
LENGTH 

(FT) 

5.0 

20.0 

20.0 

20.0 

20.0 

DEPTH FRCJt GROUNDWATER 
TOP OF ELEVATION 

LOG DATE CASING (FT) CFT MSL) 

04/23/85 DRY -
06/04/85 DRY -
04/06/86 DRY -
03/26/87 DRY . 
05/08/87 DRY -
06!06!89 DRY -
02/15/85 DRY . 
03/07/85 DRY. -
03/12/85 DRY -
04/23/85 5.39 4856.42 
06/04/85 5.52 4856.29 
08/18/85 6.32 4855.49 
04/06/86 5.40 4856.41 
10/09/86 5.87 4855.94 

03/07/85 FLOWING -
03/12/85 FLOWING -
04/23/85 FLOWING -
06/04/85 FLOWING -
03/26/87 FLOWING -
05/08/87 FLOWING -
06/07/89 10.71 4837.64 
08/15/92 10.98 4837.37 
11/23/92 10.40 4837.95 

02/19/85 160.60 4841.14 
02/28/85 158.50 4843.24 
03/07/85 158.40 4843.34 
04/23/85 161.97 4839.77 
06/04/85 158.92 4842.82 
08/18/85 161.33 4840.41 
04/07/86 160.86 4840.88 
10/09/86 160.17 4841.57 
03/26/87 160.40 4841.34 
05/08/87 161.24 4840.50 
04/23/88 160.65 4841.09 
08/15/92 161.25 4840.49 
11!22/92 160.50 4841.24 

03/07/85 FLOWING -
FLOW RELATIONSHIP CODE: 
0 • ON-SITE 
N • UNKNOWN 

• 



• 
NORTH EAST FORMATION 

LOCATION COORDINATE COORDINATE OF 
ID (FT) (FT) COMPLETION 

0613 56377.8 88643.7 DC 

0614 60940.5 87832.6 SR 

0615 57794.4 88980.7 SR 

FORMATION OF COMPLETION CODE: 
DC - DECHELLEY MEMBER OF THE CUTLER FORMATION 
SR - SHINARUMP MEMBER OF THE CHINLE FORMATION 

• lA/!.L...£ 3 c.~. 
STATIC GROUNDWATER lEVELS 
ALL MONITOR WELLS • ALL DATES 
SITE: MON01 MONUMENT VALLEY 
REPORT DATE: 02/22/93 

CASING SCREEN 
FLOW ELEVATION BEGINNING 
CODE (FT MSL) DEPTH (FT) 

N 4862.82 140.00 

D 4855.66 50.00 

c 4849.29 68.00 

SCREEN 
LENGTH 

(FT) 

20.0 

20.0 

20.0 

DEPTH FROM GROUNDWATER 
TOP OF ELEVATION 

LOG DATE CASING (FT) (FT MSL) 

03/12/85 FLOWING . 
04/23/85 FLOWING . 
06/04/85 FLOWING . 
04/06/86 FLOWING . 
10/09/86 FLOWING . 
03/26/87 FLOWING . 
05/08/87 FLOWING . 
06/04/89 FLOWING . 
06/22/90 FLOWING . 
01!25/91 FLOWING . 
05/30/91 ·4.74 4867.56 
02/26/92 -5.22 4868.04 
08/10/92 FLOWING -
11!21!92 FLOWING -
03/07/85 48.30 4807.36 
03/12/85 48.50 4807.16 
04/23/85 49.90 4805.76 
06/04/85 49.61 4806.05 
08/19/85 49.59 4806.07 
04/05/86 49.67 4805.99 
10/09/86 50.08 4805.58 
03/26/87 50.24 4805.42 
05/08/87 49.64 4806.02 
04/19/88 49.35 4806.31 
06/07/89 49.40 4806.26 
12/02!89 50.16 4805.50 
06/23/90 49.58 4806.08 
01/28/91 49.26 4806.40 
06/01/91 49.68 4805.98 
08/10/92 49.70 4805.96 
11/24/92 49.43 4806.23 

04/23/85 10.67 4838.62 
06/04/85 10.71 4838.58 
08/15/85 11.25 4838.04 
04/06/86 10.71 4838.58 
10/09/86 10.76 4838.53 
03!26/87 11.06 4838.23 
05/08/87 10.33 4838.96 

FLOW RELATIONSHIP CODE: 
N - UNKNOWN 
D - DOWN GRADIENT 
C • CROSS GRADIENT 

• 



• 

NORTH EAST FORMATION 
LOCATION COORDINATE COORDINATE OF 

10 (FT) (FT) C(IIJPLETION 

0615 57794.4 88980.7 SR 

0618 58868.3 87016.1 DC 

0619 58876.5 87587.9 DC 

0625 58272.5 89803.1 DC 

0650 64970.2 89923.8 AL 

FORMATION OF C(IIJPLETION CODE: 
SR • SHINARUMP MEMBER OF THE CHINLE FORMATION 
DC • OECHELLEY MEMBER OF THE CUTLER FORMATION 
AL • ALLUVIUM 

TA ~r, t-£ 3 (_~ · 
STATIC GROUNDWATER LEVELS 
ALL MONITOR WELLS • ALL OATES 
SITE: MON01 MONUMENT VALLEY 
REPORT DATE: 02/22/93 

CASING SCREEN 
FLCII ELEVATION BEGINNING 
CODE (FT MSL) DEPTH (fT) 

c 4849.29 68.00 

0 4921.02 -

0 4887.42 -

c 4840.09 -

0 4793.29 80.50 

• 

SCREEN 
LENGTH 

(FT) 

20.0 

-

-

-

20.0 

DEPTH FR(IIJ GROUNDWATER 
TOP OF ELEVATION 

LOG DATE CASING (FT) (FT MSL) 

06/08/89 FLCIIING -
08/15/92 FLCIIING -
11/23/92 FLCIIING -
04/23/85 60.21 4860.81 
06/04/85 89.56 4831.46 
04/07/86 88.15 4832.87 
10/09/86 89.14 4831.88 
03/26/87 93.39 4827.63 

02!15/85 57.90 4829.52 
03/07/85 55.40 4832.02 
03112185 55.60 4831.82 
06/04/85 55.49 4831.93 
04/07/86 55.24 4832.18 
10/09/86 54.90 4832.52 
03/26/87 55.29 4832.13 
05/08/87 54.20 4833.22 

02/15/85 FLCIIING -
03/07/85 FLCIIING -
03112185 FLCIIING -
04/23/85 0.62 4839.47 
06/04/85 0.63 4839.46 
04123/86 0.54 4839.55 
10/09/86 1.37 4838.72 
03/26/87 0.59 4839.50 
05/08/87 0.62 4839.47 
02!26/92 FLCIIING -
08/15/92 1.35 4838.74 
11/21192 FLCIIING -
10/19/85 19.34 4m.95 
04/29/86 19.15 4774.14 
03/26/87 19.87 4m.42 
05/08/87 19.05 4774.24 
04/25/88 18.91 4774.38 
06/05/89 19.30 4m.99 
06/03/91 19.26 4774.03 
02/25/92 19.43 4m.86 

FLOW RELATIONSHIP CODE: 
C • CROSS GRADIENT 
0 • ON-SITE 
0 • DOWN GRADIENT 

• 



• 
NORTH EAST 

LOCATION COORDINATE COORDINATE 
ID (FT) (FT) 

0650 64970.2 89923.8 

0651 63788.9 92734.3 

0652 62581.5 93759.3 

0653 61249.3 89596.3 

FORMATION OF COMPLETION CODE: 
AL • ALLUVIUM 

• lAI3L€. · 3~· 

FORMATION 
OF 

COMPLETION 

AL 

AL 

AL 

AL 

STATIC GROUNDWATER LEVELS 
ALL MONITOR WELLS • ALL DATES 
SITE: MON01 MONUMENT VALLEY 
REPORT DATE: 02/22/93 

CASING SCREEN 
FLOW ELEVATION BEGINNING 
CODE (FT MSL) DEPTH (FT) 

D 4793.29 80.50 

D 4784.51 23.00 

D 4803.84 37.00 

D 4834.94 58.00 

SCREEN 
LENGTH 

(FT) 

20.0 

60.0 

20.0 

20.0 

• 
DEPTH FROM GROUNDWATER 

TOP OF ELEVATION 
LOG DATE CASING (FT) (FT MSL) 

08/13/92 19.57 4m.n 
11/21/92 19.37 4m.92 

10!19/85 5.70 4778.81 
04/29/86 8.11 4776.40 
10/09/86 8.62 4775.89 
03/26/87 8.87 4775.64 
05/08/87 7.98 4776.53 
04/19/88 7.54 4776.97 
06/03/89 8.30 4776.21 
12/03/89 8.81 4775.70 
06/21/90 5.50 4779.01 
01!26/91 8.10 4776.41 
06/02/91 8.14 4776.37 
02/25/92 8.05 4776.46 
08!13/92 8.80 4775.71 
11/21/92 8.36 4776.15 

10/19/85 18.96 4784.88 
04/29/86 18.58 4785.26 
10/09/86 19.00 4784.84 
03/26/87 19.55 4784.29 
05/08/87 18.42 4785.42 
06/01/91 18.60 4785.24 
02/23/92 18.67 4785.17 
08/12/92 19.08 4784.76 
11/21!92 18.92 4784.92 

10!19/85 35.55 '·799.39 
04/28/86 35.06 4799.88 
10/09/86 35.25 4799.69 
03/26/87 36.07 4798.87 
05/08/87 34.99 4799.95 
04/21/88 34.93 4800.01 
06/22/89 35.00 4799.94 
12/01/89 33.50 4801.44 
06/19/90 35.05 4799.89 
01/24/91 34.98 4799.96 
06/04/91 35.14 4799.80 
02!25/92 35.28 4799.66 
08!13/92 35.20 4799.74 
11/19/92 35.18 4799.76 

FLOW RELATIONSHIP CODE: 
D • DOWN GRADIENT 



NORTH EAST FORMATION 
LOCATION COORDINATE COORDINATE OF 

ID (FT) (FT) COMPLETION 

0654 59351.4 91063.4 AL 

0655 59154.6 88624.1 AL 

0656 59545.2 89175.1 AL 

0657 59266.0 81596.5 DC 

FORMATION OF C~PLETION COOE: 
AL • ALLUVIUM 
DC • DECHELLEY MEMBER OF THE CUTLER FORMATION 

• 

TA6t...E: 3 ~. 
STATIC GROUNDWATER LEVELS 
ALL MONITOR WELLS • ALL DATES 
SITE: MON01 MONUMENT VALLEY 
REPORT DATE: 02/22/93 

CASING SCREEN 
FUN ELEVATION BEGINNING 
CODE (FT MSL) DEPTH (FT) 

c 4827.01 60.00 

D 4860.39 41.00 

D 4854.61 43.00 

0 4883.21 124.00 

• 

SCREEN 
LENGTH 

(FT) 

20.0 

20.0 

20.0 

15.0 

DEPTH FR~ GROUNDWATER 
TOP OF ELEVATION 

LOG DATE CASING (FT) (FT MSL) 

10/19/85 1.n 4825.29 
04!27/86 1.23 4825.78 
10/09/86 1.83 4825.18 
03/26/87 2.18 4824.83 
05/08/87 1.15 4825.86 
04!23/88 0.18 4826.23 
06/06/89 1.42 4825.59 
12/03/89 2.04 4824.97 
06/19/90 1.52 4825.49 
01!27/91 1.31 4825.70 
06/02/91 1.28 4825.13 
08/12!92 1.15 4825.26 
11/22/92 1.42 4825.59 

10/19/85 39.23 4821.16 
04!29/86 38.80 4821.59 
10/09/86 38.87 4821.52 
03/26/87 39.47 4820.92 
05/08/87 38.65 4821.74 
04/20/88 38.55 4821.84 
06/08/89 33.60 4826.79 
12/03/89 39.47 4820.92 
06/22!90 38.86 4821.53 
01!23/91 38.65 4821.74 
06/02!91 38.80 4821.59 
02/22!92 38.83 4821.56 
08/13/92 38.80 4821.59 
11/19/92 38.80 4821.59 

10/19/85 35.98 4818.63 
04/29/86 35.47 4819.14 
10/09/86 35.79 4818.82 
03/26/87 37.08 4817.53 
05/08/87 35.30 4819.31 
06/23/89 35.25 4819.36 
08/13/92 35.50 4819.11 
11/22/92 35.34 4819.27 

10/19/85 50.20 4833.01 
04/28/86 49.90 4833.31 

FLOW RELATIONSHIP COOE: 
C • CROSS GRADIENT 
D • DOWN GRADIENT 
0 • ON·SITE 

• 



• 
NORTH EAST FORMATION 

LOCATION COORDINATE COORDINATE OF 

• --,-AI3L-£ 3 ~. 
STATIC GROUNDWATER LEVELS 
All MONITOR YELLS - ALL DATES 
SITE: MON01 MONUMENT VALLEY 
REPORT DATE: 02/22/93 

CASING SCREEN 
FLOW ELEVATION BEGINNING 

SCREEN 
LENGTH 

ID (FT) (FT) COMPLETION CODE (FT MSL) DEPTH (fT) (FT) 

0657 59266.0 87596.5 DC 

0658 54763.4 88857.0 SR 

0659 59069.8 88670.3 SR 

0660 61303.4 89584.3 SR 

FORMATION OF COMPLETION CODE: 
DC - DECHELLEY MEMBER OF THE CUTLER FORMATION 
SR • SHINARUMP MEMBER OF THE CHINLE FORMATION 

0 4883.21 124.00 15.0 

N 4878.82 138.00 20.0 

D 4863.63 90.00 20.0 

D 4834.16 136.00 20.0 

DEPTH FRIJII GROUNDWATER 
TOP OF ELEVATION 

LOG DATE CASING (FT) (FT MSL) 

10/09/86 50.75 4832.46 
03/26/87 51.10 4832.11 
05/08/87 49.89 4833.32 
04!22/88 49.66 4833.55 
06/21/89 49.80 4833.41 
12!04/89 50.58 4832.63 
06/21!90 50.31 4832.90 
01!24/91 49.73 4833.48 
11/23/92 48.70 4834.51 

10/19/85 9.61 4869.21 
04/29/86 9.27 4869.55 
10/09/86 9.60 4869.22 
03/26/87 10.64 4868.18 
05/08/87 9.15 4869.67 
08/14/92 9.83 4868.99 
11/24/92 9.45 4869.37 

10/19/85 36.45 4827.18 
04/27/86 35.33 4828.30 
10/09/86 35.43 4828.20 
03/26/87 35.71 4827.92 
05/08/87 34.96 4828.67 
04/25/88 34.83 4828.80 
06/22/89 35.00 4828.63 
12!02/89 36.18 4827.45 
06/20/90 36.30 4827.33 
01/28/91 35.10 4828.53 
06/04/91 35.20 4828.43 
02/20/92 35.28 4828.35 
08/13/92 35.22 4828.41 
11!18/92 35.20 4828.43 
11!24/92 34.73 4828.90 

10/19/85 33.25 4800.91 
04/28/86 31.35 4802.81 
10/09/86 31.54 4802.62 
03/26/87 32.28 4801.88 
05/08/87 31.30 4802.86 
04/20/88 31.04 4803.12 

FLOW RELATIONSHIP CODE: 
0 - ON-SITE 
N - UNKNOWN 
D • DOWN GRADIENT 

• 



• 

NORTH EAST FORMATION 
LOCATION COORDINATE COORDINATE OF 

ID (FT) (FT) COMPLETION 

0660 61303.4 89584.3 SR 

0661 56366.1 85447.7 DC 

0662 59236.5 875n.5 AL 

0663 59069.6 88593.5 DC 

0664 61255.9 89537.0 DC 

FORMATION OF COMPLETION CODE: 
SR • SHINARUMP MEMBER OF THE CHINLE FORMATION 
DC • DECHELLEY MEMBER OF THE CUTLER FORMATION 
AL • ALLUVIUM 

fA6L€ 3 C.~· 
STATIC GROUNDWATER LEVELS 
All MONITOR WELLS • ALL DATES 
SITE: MON01 MONUMENT VALLEY 
REPORT DATE: 02/22/93 

CASING SCREEN 
FUN ELEVATION BEGINNING 
CODE (FT MSL) DEPTH (FT) 

D 4834.16 136.00 

N 5059.99 193.00 

D 4879.81 41.00 

D 4864.41 180.00 

D 4835.76 214.00 

• 

SCREEN 
LENGTH 

(FT) 

20.0 

20.0 

30.0 

40.0 

20.0 

DEPTH FROM GROUNDWATER 
TOP OF ELEVATION 

LOG DATE CASING (FT) (FT MSL) 

06/22/89 31.15 4803.01 
12/01/89 32.09 4802.07 
06/23/90 31.30 4802.86 
01/26/91 31.17 4802.99 
08/13/92 31.43 4802.73 
11/19/92 31.40 4802.76 

10/19/85 164.20 4895.79 
04/29/86 162.75 4897.24 
10/09/86 162.18 4897.81 
03/26/87 163.67 4896.32 
05/08/87 163.57 4896.42 

10/19/85 51.50 4828.31 
04/28/86 50.97 4828.84 
10/09/86 50.52 4829.29 
03/26/87 51.75 4828.06 
05/08/87 50.82 4828.99 
06/21/89 50.75 4829.06 
06/05/91 51.00 4828.81 
02/26/92 50.85 4828.96 
11!23/92 40.57 4839.24 

10/19/85 33.15 4831.26 
04/27/86 32.56 4831.85 
10/09/86 32.03 4832.38 
03/26/87 32.70 4831.71 
05/08/87 32.18 4832.23 
04/24/88 31.93 4832.48 
06/23/89 32.10 4832.31 
12/02/89 33.33 4831.08 
06/22/90 32.80 4831.61 
01/25/91 32.20 4832.21 
06/04/91 32.58 4831.83 
02/20/92 32.32 4832.09 
08/15/92 32.42 4831.99 
11/20/92 31.37 4833.04 

10/19/85 30.75 4805.01 
04/28/86 30.22 4805.54 

FLOW RELATIONSHIP CODE: 
D • DOWN GRADIENT 
N • UNKNOWN 

~~ ...J 11 l_ 
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• 
NORTH EAST FORMATION 

LOCATION COORDINATE COORDINATE OF 
ID (FT) (FT) COMPLETION 

0664 61255.9 89537.0 DC 

0668 60171.4 88287.0 DC 

0669 60146.3 88247.8 AL 

FORMATION OF COMPLETION COOE: 
DC · DECHELLEY MEMBER OF THE CUTLER FORMATION 
AL · ALLUVIUM 

DATA FILE: M:\DART\MON01\GWL10005.DAT 

• --r-A/31-£ _3 G~ .. 
STATIC GROUNDWATER LEVELS 
ALL MONITOR WELLS • ALL DATES 
SITE: MON01 MONUMENT VALLEY 
REPORT DATE: 02/22/93 

CASING SCREEN 
FLOW ELEVATION BEGINNING 
COOE (fT MSL) DEPTH (FT) 

D 4835.76 214.00 

D 4866.71 182.50 

D 4865.78 37.00 

SCREEN 
LENGTH 

(FT) 

20.0 

20.0 

20.0 

DEPTH FROM GROUNDWATER 
TOP OF ELEVATION 

LOG DATE CASING (FT) (FT MSL) 

10/09/86 30.27 4805.49 
03/26/87 31.60 4804.16 
05/08/87 30.23 4805.53 
08/13/92 30.10 4805.66 
11/19/92 30.17 48D5.59 

10/19/85 41.30 4825.41 
04/29/86 40.04 4826.67 
10/09/86 39.55 4827.16 
03/26/87 40.28 4826.43 
05/08/87 39.63 4827.08 
06/24/89 39.70 4827.01 
08/13/92 39.94 4826.n 
11/24/92 39.40 4827.31 

10/19/85 49.30 4816.48 
04/28/86 49.03 4816.75 
10/09/86 49.21 4816.57 
03/26/87 49.41 4816.37 
05/08/87 48.85 4816.93 
06/24/89 48.80 4816.98 
02/24/92 49.07 4816.71 
08/13/92 49.10 4816.68 
11/24/92 48.89 4816.89 

FLOW RELATIONSHIP COOE: 
D • DOWN GRADIENT 

FIELDS DISPLAYED WITH A DASH INDICATE THE DATA IS UNAVAILABLE 

• 



• 

TABLE4 
MONUMENT VALLEY: WATER LEVEL ELEVATIONS: Alluvium, DeChelly, Shinarump 
Negative head difference = upward flow from DC to Alluvium 

------------Cluster 1 ----------1 
DATE Well606 Well663 Well659 AI/DC Head 

(AI) (DC) (SR) Difference 
07-Mar-85 4828.11 
12-Mar-85 4827.91 
23-Apr-85 4827.94 
04-Jun-85 4827.92 
19-0ct-85 4831.26 4827.18 
06-Apr-86 4828.36 
28-Apr-86 4831.85 4828.3 
09-0ct-86 4828.13 4832.38 4828.2 -4.25 
26-Mar-87 4828.42 4831.71 4827.92 -3.29 
08-May-87 4828.49 4832.23 4828.67 -3.74 
22-Apr-88 4828.7 4832.48 4828.8 -3.78 
04-Jun-89 4829.23 
22-Jun-89 4832.31 4828.63 
01-Dec-89 4827.11 4831.08 4827.45 -3.97 
23-Jun-90 4828.2 4831.61 4827.33 -3.41 
27-Jan-91 4828.57 4832.21 4828.53 -3.64 
31-May-91 4828.35 4831.83 4828.42 -3.48 
22-Feb-92 4828.25 4832.09 4828.35 -3.84 
12-Aug-92 4828.31 4831.99 4828.41 -3.68 
20-Nov-92 4828.69 4833.04 4828.43 -4.35 
17-Dec-92 4828.1 4832 4828.39 -3.9 

• • 



• • 
TABLE 4 (Continued) 

MONUMENT VALLEY: WATER LEVEL ELEVATIONS: Alluvium, DeChelly, Shinarump 
Negative head difference = upward flow from DC to Alluvium 

r ___________ Cluster 2 -----------] 

DATE Well653 Well664 1 AI/DC Head 
(AI) (DC) (SR) Difference 

19-0ct-85 4799.39 4805.01 4800.91 -5.62 

28-Apr-86 4805.54 4802.81 
09-0ct-86 4805.49 4802.62 
26-Mar-87 4799.69 4804.16 4801.88 -4.47 
08-May-87 4799.95 4805.53 4802.86 -5.58 
22-Apr-88 4800.01 4803.12 
22-Jun-89 4799.94 4803.01 
01-Dec-89 4801.44 4802.07 
23-Jun-90 4799.89 4802.86 
27-Jan-91 4799.96 4802.99 
31-May-91 4799.8 
22-Feb-92 4799.66 
12-Aug-92 4799.74 4805.66 4802.73 -5.92 
20-Nov-92 4799.76 4805.59 4802.76 -5.83 

16-Dec-92 4799.3 4802.85 4802.25 -3.55 
17-Dec-92 4803.15 

• 



TABLE 4 (Continued) 
MONUMENT VALLEY: WATER LEVEL ELEVATIONS: Alluvium, DeChelly, Shinarump 
Negative head difference = upward flow from DC to Alluvium 

[-------Cluster 3-------1 
DATE Well662 Well657 AI/DC Head 

(AI) (DC) Difference 
28-Apr-86 4828.84 
09-0ct-86 4829.29 4832.46 -3.17 
26-Mar-87 4828.06 4832.11 -4.05 
08-May-87 4828.99 4833.32 -4.33 
22-Apr-88 4833.55 
22-Jun-89 4829.06 4833.41 -4.35 
01-Dec-89 4832.63 
23-Jun-90 4832.9 
27-Jan-91 4833.48 
31-May-91 4828.81 
22-Feb-92 4828.96 
20-Nov-92 4834.51 
17-Dec-92 4829.1 4833.71 -4.61 
18-Dec-92 4828.69 4832.91 -4.22 
19-Dec-92 4828.44 4832.61 -4.17 
20-Dec-92 4828.44 4832.63 -4.19 

• • • 



• • TABLE 4 (Continued) 
MONUMENT VALLEY: WATER LEVEL ELEVATIONS: Alluvium, DeChelly, Shinarump 
Negative head difference = upward flow from DC to Alluvium 

[----------- Cluster4 -----------1 
DATE Well603 Well611 Well615 AI/DC Head 

(AI) (DC) (SR) Difference 
15-Feb-85 4834.66 4848.35 -13.69 
07-Mar-85 4838.36 4848.35 -9.99 
12-Mar-85 4834.16 4848.35 -14.19 
23-Apr-85 4838.31 4848.35 4838.62 -10.04 
04-Jun-85 4838.25 4848.35 4838.58 -10.1 
15-Aug-85 4837.68 4848.35 4838.04 -10.67 
06-Apr-86 4838.23 4838.58 
09-0ct-86 4838.19 4838.53 
26-Mar-87 4838.16 4848.35 4838.23 -10.19 
08-May-87 4838.6 4848.35 4838.96 -9.75 
22-Apr-88 4838.81 
04-Jun-89 4838.18 4837.64 F 0.54 
31-May-91 4838.31 
22-Feb-92 4838.1 
12-Aug-92 4838 4837.34 F 0.66 
20-Nov-92 4838.51 4837.95 F 0.56 
17-Dec-92 4838.12 4837.63 F 0.49 

• 



Table 5 • 
Range of 
average 
linear 

Range in groundwater 
Water- Hydraulic flow 
bearing Effective Hydraulic Conductivity velocities 
Unit Porosity Gradient (feet/sec) (feet/sec) 

Alluvium 0.25 0.011 0.33 to 19 5 to 300 

Shinarump 
Conglom-
erate 0.10 0.010 0.39 to 8.1 15 to 290 

De Chelly 
Sandstone 0.10 0.011 0.018 to 2.8 0.8 to 120 

• 

• 
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