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Acronyms and Abbreviations 

ACL 
BI A 
BLRA 

c d s  
cdyear  
coc 
COPC 
DOE 
Eh 
EPA 
ESC ' 
ET 
ET/P 
ft  
ft/day 
ft/year 
ft2 
Wmin 
ft' 
ft3/day 
gal 
GCAP 
GJO 
gpm 
GRM 
HEW 
HCI 
HQ 
Hz 

alternate concentration limits 
U.S. Bureau of Indian Affairs 
baseline risk assessment 
centimeters 
centimeters per second 
centimeters per year 
contaminants of concern 
contaminants of potential concern 
U.S. Department of Energy 
oxidation-reduction potential 
U.S. Environmental Protection Agency 
expedited site characterization 
evapotranspiration 
evapotranspirationfprecipitation 
foot (feet) 
foot (feet) per day 
feet per year 
square feet 
square feet per minute 
cubic feet 
cubic feet per day 
gallon(s) 
Ground-Water Compliance Action Plan 
Grand Junction Office 
gallons per minute 
generalized reciprocal method 
U.S. Department of Health, Education, and Welfare 
hydrochloric acid 
hazard quotient 
Herz 

ICP-AES inductively coupled plasma-atomic emission spectrophotemetry 
ICP-MS inductively coupled plasma-mass spectrometry 

in. 
in./year 
IP 
IRIS 
km 
L 
m 
MAP 
MCL 
mdkg 

inside diameter 
inch(es) 
inches per year 
induced polarization 
Integrated Risk Information System 
kilometers 
liter(s) 
meters 
management action process 
maximum concentration limits 
milligrams per kilogram 
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m!& 
mL 
I'm 
P!& 
111111 

Mn 
mV 
NEPA 
NH4 
NO3 
NRC 
O&M 
OMB 
pCi/L 
pCi/g 
PEIS 
P P ~  
PPm 
PVC 
RAP 
Rfd 
RO 
RRM 
so4 
S O W  
Sr 
T AGR 
TDS 
TEM 
UMTRA 
UMTRC A 
u 
USDA 
VCA 

milligrams per liter 
milliliters 
micrometers 
micrograms per liter 
millimeters 
manganese 
millivolts 
National Environmental Policy Act 
ammonium 
nitrate 
U.S. Nuclear Regulatory Commission 
operating and maintenance 
Office of Management and Budget 
picocuries per liter 
picocuries per gram 
Programmatic Environmental Impact Statement 
parts per billion 
parts per million 
polyvinyl chloride 
remedial action plan 
reference dose 
reverse osmosis 
residual radioactive material 
sulfate 
site observational work plan 
strontium 
Technical Approach to Groundwater Restoration 
total dissolved solids 
transient electromagnetic 
Uranium Mill Tailings Remedial Action (Project) 
Uranium Mill Tailings Radiation Control Act 
uranium 
U.S. Department of Agriculture 
Vanadium Corporation of America 
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Executive Summary 

Ground water beneath the Monument Valley site was contaminated by former uranium 
ore-processing operations that were ongoing from 1955 through 1968. Tailing piles, leach areas, 
an evaporation pond, and other associated contaminated surface materials were completely 
removed from the site by January 1994 in accord with 40 CFR Part 192 Subpart A as part of the 
Uranium Mill Tailings Remedial Action (UMTRA) Surface Project. However, the potential for 
infiltration of ground-water contaminants remained until that time. 

site-specific field investigations reveal the alluvial ground water is the aquifer most effected by 
the former milling operations. Contaminants of concern (COCs) in the alluvial aquifer are 
identified as nitrate; sulfate, and uranium. Nitrate concentrations exceeding the U.S. Department 
of Energy (DOE) maximum concentration limit (MCL) of 44.0 milligrams per liter (mgL) are 
present in the alluvial aquifer up to a maximum of 4,500-feet (ft) downgradient from the site. 
Elevated concentrations of COCs are not present in the Shinarump bedrock aquifer. Uranium is 
present in the De Chelly bedrock aquifer at concentrations that slightly exceeds the 0.044 mgL 
uranium MCL; however, the area of impact is small, isolated, and the concentrations are below 
any level that would pose a significant health risk. 

DOE'S goal is to implement a cost-effective strategy to remediate the ground water at the former 
Monument Valley mill site that complies with the U.S. Environmental Protection Agency (EPA) 
ground water standards and protects human health and the environment. The requirements for 
ground-water compliance for UMTRA Project sites, including the Monument Valley site, are 
found in the Uranium Mill Tailings Radiation Control Act (42 USC $7901 et seq.) and EPA's 
Health and Environmental Protection Standards for Uranium and Thorium Mill Tailings 
(40 CFR Part 192; 60 FR 2854). The compliance framework was developed in the UMTRA 
Ground Water programmatic environmental impact statement (DOE 1996~). 

The proposed compliance strategy to cleanup the alluvial ground water at the Monument Valley 
site is no ground-water remediation of constituents that do not pose a potential risk and do not 
exceed EPA standards. For constituents that pose a potential risk or exceed EPA standards or 
both, the strategy is to perform active ground-water'remediation in combination with natural 
flushing. Information presented in this final site observational work plan supports the proposed 
compliance strategy in a manner that is consistent with the regulatory compliance framework. 

DOEIGrand Junction Office 
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1.0 Introduction 

The Monument Valley Uranium Mill Tailings Remedial Action (UMTRA) Project site in 
northeastern Arizona (Figure 1-1) is the location of a former uranium mill. Ground water 
beneath the Monument Valley site was contaminated by milling operations that were ongoing 
from 1955 through 1968. Tailing piles, leach areas, an evaporation pond, and contaminated 
surface materials were completely removed from the site by January 1994 in accord with 
40 CFR Part 192 Subpart A, as part of the U.S. Department of Energy (DOE) UMTRA Surface 
Project. However, the potential for infiltration of ground-water contaminants remained until that 
time. 

DOE'S goal is to implement a cost-effective compliance strategy that is protective of human 
health and the environment bv remediating contaminated ground water at the Monument Valley - - 
site. For site-related constituents that pose a potential risk or exceed the U.S. Environmental 
Protection Agency (EPA) standards or both, the proposed strategy is to perform active ground- 
water remediation in combination with natural flushing. The proposed compliance strategy is no 
ground-water remediation of site-related constituents that do not pose a potential risk and do not 
exceed the EPA standards. 

This final site observational work plan (SOWP) documents the site-specific strategy that will 
allow DOE to comply with EPA ground-water standards at the Monument Valley UMTRA 
Project site and provides a mechanism for stakeholder participation, review, and acceptance of 
the recommended remedial alternative. Site-specific data are presented that support the proposed 
strategy. 

Compliance requirements for meeting the regulatory standards at the Monument Valley site are 
presented in Section 2.0. An overview and history of the former milling operation are reviewed 
in Section 3.0. Results of field investigations conducted at the site are presented in Section 4.0. 
Site-specific characterization of the geology, hydrology, geochemistry, and ecology are 
synthesized in the site conceptual model in Section 5.0. Potential human health and ecological 
risks associated with ground-water contamination are summarized in Section 6.0. The proposed 
compliance strategy and an evaluation of potential remediation technologies to clean up the 
ground water are presented in Sections 7.0 and 8.0, respectively. 

1.1 UMTRA Project Programmatic Documents 

The programmatic documents that guide the SOWP include the UMTRA Groundwater 
Managelnent Action Process (MAP) (DOE 1998b), the Final Progran~n~atic Environlnental 
Impact Statement for the Uranium Mill Tailing Remedial Action Ground Water Project (PEIS) 
(DOE 1996c), and the Technical Approach to Groundwater Restoration (TAGR) (DOE 1993~). 
The MAP states the mission and objectives of the UMTRA Ground Water Project and provides a 
technical and management approach for conducting the project. The PEIS is the programmatic 
decision-making framework for conducting the UMTRA Ground Water Project. DOE will follow 
PEIS guidelines to assess the potential programmatic impacts of the Ground Water Project, to 
determine site-specific ground-water compliance strategies, and to prepare site-specific 
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1-1 MAP LOCATION 

Figure 1-1. Location of the Monument Valley Site 
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environmental impact analyses more efficiently. Technicalguidelineifor conducting the 
ground-water program are presented in the TAGR. 

1.2 Relationship to Site-Specific Documents 

The surface remedial action plan (RAP) (DOE 1993b) provides site characterization information. 
This information was updated in developing the S O W  to strengthen the site conceptual model. 
If a ground-water compliance strategy requiring remedial action is selected for this site, a 
ground-water draft and final Ground-Water Compliance Action Plan (GCAP) will be prepared; 
otherwise, a modification to the surface RAP via a GCAP will suffice. 

In 1996, a baseline risk assessment (BLRA) was prepared (DOE 1996b) that identified potential 
public health and environmental risks at the site. Potential risks identified in.the risk assessment 
are considered and updated in this S O W  to ensure that the proposed compliance strategy is 
protective of human health and the environment. 

After a proposed compliance strategy is identified in the S O W  and described in the GCAP, a 
site-specific National Environmental Policy Act (NEPA) document (e.g., an environmental 
assessment) will be prepared to determine the potential effects, if any, of implementing the 
proposed compliance strategy. 

1.2.1 SOWP Revisions 

The SOWP is a multiyear process of sequenced document preparation and field data-collection 
activities consisting of two versions: Revision 0 (draft) and Revision 1 (final). 

The draft S O W  was prepared in 1996 and included all previous information about the site, 
presented a proposed compliance strategy and possible remediation technologies, and defined 
additional data needs that were required to determine the most likely compliance strategy. 
Following stakeholder review and resolution of comments, fieldwork was conducted in 1997 to 
address the data gaps identified in the draft S O W .  

This final S O W  presents the additional data collected in 1997, correlates the data to previous 
information, updates the site conceptual model, and recommends a final compliance strategy 
based on the updated site conceptual model. 

DOEIGrand Junction Office 
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. 2.0 Regulatory Framework 
.. , , A . .  .. 

. . 
. . 

This section identifies the regulatory framework to be applied to the selected ground-water 
compliance strategy at the former Monument Valley millsite to achieve compliance with 
Subpart B of EPA health and environmental protection standards for uranium and thorium mill 
tailings (40 CFR Part 192) and the final rule to the standards published in 60 FR 2854. 

2.1 Uranium Mill Tailings Radiation Control Act 

The United States Congress passed the Uranium Mill Tailings Radiation Control Act 
(UMTRCA) (42 USC $7901 ef seq.) in 1978 in response to public concerns about potential 
health hazards fiom long-term exposure to uranium mill tailings. UMTRCA authorized DOE to 
stabilize, dispose of, and control uranium mill tailings and other contaminated materials at 
inactive uranium ore-processing sites. 

Three UMTRCA titles apply to uranium ore-processing sites. Title I designates 24 inactive 
processing sites for remediation. It directs EPA to promulgate standards, mandates remedial 
action in accordance with these standards, stipulates that remedial action be selected and 
performed with the concurrence of the U.S. Nuclear Regulatory Commission (NRC) and in 
consultation with the states and Indian tribes, directs NRC to license the disposal sites for 
long-term care, and directs DOE to enter into cooperative agreements with the affected states and 
Indian tribes. Title 11 applies to active uranium mills. Title I11 applies only to certain uranium 
mills in New Mexico. The UMTRA Project is responsible for administering only Title I of 
UMTRCA. 

In 1988, Congress passed the Uranium Mill Tailings Remedial Action Amendments Act 
(42 USC $7922 et seq.), authorizing DOE to extend without limitation the time needed to 
complete ground-water remediation activities at the processing sites. 

2.1.1 EPA Ground-Water Protection Standards 

UMTRCA requires EPA to promulgate standards for protecting public health, safety, and the 
environment from radiological and nonradiological hazards associated with uranium ore 
processing and the resulting residual radioactive materials (RRM). On January 5, 1983, EPA 
published standards (40 CFR Part 192) for RRM disposal and cleanup. The standards were 
revised and a final rule was published January 11,1995 (60 FR 2854). 

The standards address two ground-water contamination scenarios: (1) future ground-water 
contamination that might occur from tailings material after disposal cell construction, and (2) the 
cleanup of residual contamination from the milling process at the processing sites that occurred 
before disposal of the tailings material (60 FR 2854). The UMTRA Surface Project is designed 
to control and stabilize tailings and contaminated soil. The UMTRA Ground Water Project 
addresses ground-water contamination at the processing sites and is regulated by Subparts B 
and C of 40 CFR 192. 

DOElGrand Junction Office Site Observational Work Plan for Monument Valley, Arizona 
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2.1.1.1 Subpart B: Standards for Cleanup of Land and Buildings 

Subpart B, "Standards for Cleanup of Land and Buildings Contaminated with Residual 
Radioactive Materials from Inactive Uranium Processing Sites," requires documentation that 
action at the former ore-processing sites ensures that ground-water contamination meets any of 
the following three criteria: 

Background levels, which are concentrations of constituents in nearby ground water not 
contaminated by ore-processing activities. 

Maximum concentration limits (MCLs), which are limits set by EPA for certain hazardous 
constituents in ground water and are specific to the UMTRA Project (Table 2-1). 

Alternate concentration limits (ACLs), which are concentration limits for hazardous 
constituents that do not pose a substantial hazard (present or potential) to human health or 
the environment as long as the limit is not exceeded. 

Table 2-1: Maximum Concentration Limits of Inorganic Constituents in Ground Water at UMTRA Projecl 
Sites 

Constituent I Maximum concentrationa 

Arsenic 

Barium 

Cadmium 

Chromium 

Lead 

0.05 

1 .O 

0.01 

0.05 

0.05 

1 Mercury 

Molybdenum 

N~trate (as N) 

Selenium 

](Combined uranium-234 and uranium-238 , 30 pCi/LC II 

0.002 

0.1 

1O.Ob 

0.01 

Silver . 0.05 

'Equivalent to 44 mglL nitrate as nitrate. 
'Equivalent to 0.044 mg/~ ,  assuming secular equilibrium of uranium-234 and uranium-238 

11 Gross alpha-particle acl~vity (exclud~ng radon and uranium) 

pCiL = piwcuries per liter. 
Reference: 60 FR 2854. 

Natural Flushing Standards 

15 pCiIL 

Subpart B also allows natural flushing to meet EPA standards. Natural flushing allows natural 
ground-water processes to reduce the contamination in ground water to acceptable standards 
(background levels, MCLs, or ACLs). Natural flushing must allow the standards to be met within 

I Combined radium-226 and radium-228 

1 
'Concentrauons reponed m m Itgrams per ller (mgtL) mess olnewlse noted 
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100 years. In addition, institutional controls and an adequate monitoring program must be 
established and maintained to protect human health during the period of natural flushing. 
Institutional controls would prohibit inappropriate uses of the contaminated ground water. The 
ground water also must not be a current or projected source of municipal drinking water during 
the period of natural flushing, and beneficial uses of ground water must be protected. 

2.1.1.2 Subpart C: Implementation 

Subpart C provides guidance for implementing methods and procedures to reasonably ensure that 
standards of Subpart B are met. Subpart C requires that the standards of Subpart B are met on a 

A 

site-specific basis using information gathered during site characterization and monitoring. The 
plan to meet the standards of Subpart B must be stated in a site-specific GCAP. The plan must 
contain a compliance strategy and a monitoring program, if necessary. 

Supplemental Standards 

Under certain conditions, DOE may apply supplemental standards to contaminated ground water 
in lieu of background levels, MCLs, or ACLs (40 CFR Part 192). Supplemental standards may 
be applied if any of the following conditions are met: 

Remedial action necessary to implement Subpart A or B would pose a significant risk to 
workers or the public. 

Remedial action to meet the standards would directly produce environmental harm that is 
clearly excessive, compared to the health benefits of remediation, to persons living on or 
near the sites. now or in the future. 

The estimated cost of remedial action is unreasonably high relative to the long-term benefits, 
and the RRM does not pose a clear present or future hazard. 

There is no known remedial action. 

The restoration of ground-water quality at any processing site is technically impractical from 
an engineering standpoint. 

The ground water is classified as limited-use ground water. Subpart B of 40 CFR 192 
defines limited-use ground water as ground water that is not a current or potential source of 
drinking water because total dissolved solids (TDS) exceed 10,000 milligrams per liter 
(mg/L); there is widespread ambient contamination that cannot be cleaned up using 
treatment methods reasonably employed in public water supply systems; or the quantity of 
water available to a well is less than 150 gallons (gal) (570 liters [L]) per day. When 
limited-use ground water applies, supplemental standards ensure that current and reasonably 
projected uses of the ground water are preserved (40 CFR Part 192). 

Radiation from radionuclides other than radium-226 and its decay products is present in 
sufficient quantity and concentration to constitute a significant radiation hazard from RRM. 

DOUGrand Junction Office 
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2.1.2 Cooperative Agreements 

UMTRCA requires that remedial action include full participation of the states and Indian tribes 
that own land containing uranium mill tailings. UMTRCA also directs DOE to enter into 
cooperative agreements with the states and Indian tribes. 

2.2 National Environmental Policy Act 

UMTRCA is a major federal action that is subject to the requirements of NEPA (42 USC $4321 
et seq.). Regulations of the Council on Environmental Quality (to implement NEPA) are codified 
in 40 CFR Part 1500; these regulations require each federal agency to develop its own' 
implementing procedures (40 CFR $1507.3). DOE-related NEPA regulations are contained in 
10 CFR Part 1021, National Environmental Policy Act Implementing Procedures. DOE guidance 
is provided in Recommendations for the Preparation of Environmental Assessments and 
Environmental Impact Statements (DOE 1993a). 

Pursuant to NEPA, in 1994 DOE drafted a PEIS for the UMTRA Ground Water Project. The 
PEIS document was made final in October 1996. The purpose of the NEPA document was to 
analyze the potential impacts of implementing four programmatic alternatives for ground-water 
compliance at the designated processing sites. The preferred alternative for the UMTRA Ground 
Water Project was published in a Record of Decision in 1997. All subsequent action on the 
UMTRA Ground Water Project must comply with the Record of Decision. 
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3.0 Site Background 

The Monument Valley UMTRA Project site is on the Navajo Indian Reservation (Navajo 
Nation) in northeastern Arizona, approximately 15 miles south of Mexican Hat, Utah 
(Figure 1-1). The site, which is accessible by U.S. Bureau of Indian Affairs (BIA) Navajo 
Service Route 6440, is the location of a former uranium mill that operatedfrom 1955 through 
1968. An overview of the site's physical setting and climate, a history of the former milling 
operation, and a summary of previous investigations is presented in the following sections. 

3.1 Physical Setting and Climate 

The former millsite is on the west side of Cane Valley, which drains to the north. The elevation 
along Cane Valley Wash is approximately 4,800 ft above mean sea level. The valley is bordered 
on the east by Comb Ridge, a 600-ft-high escarpment of Navajo, Kayenta, and Wingate 
Sandstones. On the west side of the valley near the former millsite, the bedrock dips to the east at 
approximately 5 degrees and rises up to Yazzie Mesa at an elevation of over 5,300 ft. Cane 
Valley between Comb Ridge and Yazzie Mesa is filled with a reddish-yellow eolian sand and 
minor amounts of water-transported sand, gravel, and bedrock fragments. 

The site is arid, receiving approximately 8 inches (in.) of annual precipitation. Most precipitation 
usually occurs during July through August and December through February. Rainfall during the 
summer commonly occurs in high-intensity, short-duration storms that are conducive to runoff. 
Precipitation during the winter, however, usually occurs during low-intensity, longer-duration 
storms (Cooley et al. 1969). Annual snowfall ranges between 10 and 40 in. The two driest 
months are generally May and June. 

The weather station closest to the Monument Valley site is in Mexican Hat, Utah, about 16 miles 
north. Climatological data collected from the Mexican Hat weather station for the period 1951 
through 1980 indicates an average annual pan evaporation rate of 84.4 in. (DOE 1993b). Pan 
evaporation rates exceed precipitation every month except January. The highest rates occur fiom 
May through August, when pan evaporation exceeds 10 in. per month. . 

Temperatures show considerable diurnal and seasonal variations. Winters are cold, with 
temperatures typically below freezing from November through March. Summers are hot, with 
highs ranging from 90 "F to the low 100s O F .  

3.2 Site History 

Uranium was discovered in 1942 by Luke Yazzie approximately one-half mile west of the former 
millsite (Chenoweth 1985). The deposit is a carnotite mineralization in and beneath a 
paleochannel in the Shinarump Member of the Chinle Formation incised into the underlying 
Moenkopi Formation and De Chelly Sandstone Member of the Cutler Formation. Vanadium 
Corporation of America (VCA) acquired mining rights for the deposit from the Office of Indian 
Affairs in 1943 and named the lease property Monument No. 2. VCA mined the property from 
1943 to 1968. Total production was 767,166 tons of ore averaging 0.34 percentU,O, and 
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1.42 percent V,O,. Included in the production estimate are products from a mechanical upgrader, 
a concentrator, and a heap leach that operated at various times at the site. The Monument No. 2 
mine has produced more uranium than any other mine in Arizona. 

Before 1955, there was no mill at the site. From 1943 to 1946, the ore was shipped to Metal 
Reserve at Monticello, Utah. From 1947 to 1952, low-grade ore from the mine was mechanically 
upgraded at a small plant on the bank of the San Juan River near the Mexican Hat bridge. This 
upgrader is believed to be the prototype for the plant that was built at the Monument Valley site 
in 1955 (Chenoweth 1985). Ore concentrated from the upgrader was hauled to a mill at Naturita, 
Colorado. 

The upgrader constructed at the Monument Valley site in 1955 consisted of a mechanical 
separator. In this operation, ore was crushed and sorted by grain size using large amounts of 
water from two on-site wells (MON-618 and MON-619) in the De Chelly Sandstone. The finer 
grained material, which was higher in uranium content, was shipped off site for chemical 
concentration at the Durango, Colorado, mill before March 1963 and later at the VCA mill at 
Shiprock, New Mexico. No chemicals were used except minor amounts of flocculants. The 
coarser grained material remained on the site and was piled in the areas identified as the former I 

I 
mill and old tailings pile (Figure 3-1). The mechanical milling operations at the Monument 
Valley site continued from 1955 to 1964. 

In October 1964, batch-leaching equipment was installed at the mill. Batch leaching continued 
for approximately 3 years, during which approximately 1,000,000 tons of sandy tailings were 
processed (925 tons per day). A separate heap-leaching operation was used on an additional 
100,000 tons of low-grade ore in 1966 and 1967. Both operations required large quantities of 
chemicals to remove the uranium and vanadium from the former tailings and low-grade ore 
(Merritt 1971). 

The millsite was leased from the Navajo Nation until 1968, when the mill closed and the lease 
expired. Control of the site, structures, and materials reverted to the Navajo Nation at that time. 

The mill buildings and milling equipment were removed after 1968. Beginning in 1992, the 
tailings piles, windblown tailings. contaminated materials. concrete foundations. and debris were - A - .  
removed and placed in the Mexican Hat UMTRA project disposal cell, approximately 10 mi 
north of the former millsite. Relocation of these materials was completed in January 1994. 

3.2.1 Sources of Ground-Water Contamination from the Milling Operation 

Some ground-water contamination probably occurred during the mechanical processing period . 
(1955 to 1964) as a result of water draining from stockpiles of the finer grained material and, to a 
lesser extent, from the sandy tailings that were placed as a slurry. The primary contaminants 
would have been relatively soluble components of the ore, such as uranium, calcium, and sulfate 
(the source of calcium and sulfate would have been gypsum, which was part of the ore body). 
Infiltration of the contaminated water would have occurred at the former mill and old tailings 
pile areas designated on Figure 3-1. 

! 
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De Chelly Production Well 
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Figure 3-1. Former Mill and Ore-Storage Area, Tailings Piles, Heap-Leach Pads, and Evaporation Pond 
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Process chemicals were an additional source of sulfate, nitrate, calcium, and ammonium. Both 
the batch- and heap-leaching operations used sulfuric acid to leach out uranium and vanadium. 
The sulfuric acid heap- and batch-leaching solutions were neutralized to pH 4 with ammonia. 
Quicklime (calcium oxide) was then added to raise the pH to 7 and produce a bulk precipitate. 
Later, this bulk precipitate was shipped to the mill at Shiprock, New Mexico, where the uranium 
and vanadium were extracted. The spent neutralization solution was probably discharged to the 
new tailings pile and the heap- and batch-leach material was slurried to the new tailing pile 
(Merritt 1971, DOE 1982). 

3.2.1.1 Quantity Estimates of Process Water and Chemicals 

The amount of process water and chemicals (sulfuric acid, ammonia, and nitrate) used at the 
Monument Valley site from 1964 to 1967 is estimated on the basis of typical usage in uranium 
mills (Merritt 1971, HEW 1962). The U.S. Department of Health, Education, and Welfare 
(HEW) report suggests that the amount of water used was approximately 850 gal per ton of 
reprocessed tailings. The amount of chemical used per ton of ore processed, based on the HEW 
report, is 30 to 50 pounds of sulfuric acid, 1 to 30 pounds of ammonia, and 15 to 20 pounds of 
ammonium nitrate. 

3.2.2 Previous Investigations 

Merritt (1971) provides detailed descriptions of the uranium concentration process, mill 
by-products, and process waste streams. Albrethsen and McGinley (1982) summarizes the 
history of the domestic uranium procurement policies and practices under the Atomic Energy 
Commission. Chenoweth (1985) documents the history of mining in Monument Valley. 

Early geologic and hydrologic studies conducted near the site are reported in Witkind and 
Thaden (1963), Cooley et al. (1969), Irwin et al. (1971), and James (1973). 

Site-specific hydrogeologic and geochemical investigations are described in an engineering 
assessment (DOE 1981), an Environmental Assessment (DOE 1989), a RAP (DOE 1993b), a 
water sampling and analysis plan (DOE 1994), a BLRA (DOE 1996b), and the draft SOWP 
(DOE 1996d). 
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4.0 Field Investigation Results 

The draft SOWP (DOE 1996d) included all previous information about the site, proposed 
possible remediation technologies, and defined additional data needs that were required to 
determine the most likely compliance strategy. Following stakeholder review and resolution of 
comments, an expedited site characterization (ESC) field investigation was conducted in 1997 to 
address the data gaps identified in the draft S O W .  Additional field characterization data 
presented in the following sections were collected to reduce system uncertainties by enhancing 
the understanding of the site characteristics and thereby ensuring that the appropriate ground- 
water compliance strategy is selected. 

Field investigations were optimized by sequencing the activities to achieve a more logical 
sampling approach. The first activities were based on nonintrusive methods to obtain a more - - - -  
complete and comprehensive understanding of the subsurface environment before more direct 
characterization methods were employed. The field activities were sequenced as follows: 
(1) surface geophysical surveys, (2) direct-push ground-water sampling and analysis, (3) drilling, 
soil sampling, and installation of monitor wells, (4) aquifer pumping tests and surface infiltration - - . .  - - - -  
tests, (5) land surveys of new borings/wells, and (6) ecological and ground-water sampling and 
analyses. Information obtained from each activity was integrated with existing data to revise the - 
site conceptual model and to refine the data collection needs. This integration was performed 
either concurrently with or before proceeding to the next characterization activity. 

Results of the 1997 field investigation are presented in the following sections. All fieldwork and 
data quality objectives applied to the data collection activities were performed in accordance with 
the Work Plan for Characterization Activities at the UMTRA Monument Valley Project Site 
(DOE 1997~). 

4.1 Surface Geophysical Surveys 

Surface geophysical surveys provide a nonintrusive means to rapidly characterize subsurface 
conditions at the site before more direct sampling methods are employed. Geophysical methods 
applied to this investigation include seismic refraction, transient electromagnetic (TEM) - 
soundings, and induced polarization (IP) and resistivity soundings. Each method measures a . . - 
different characteristic physical property. Because some physical properties are interrelated, a 
combination of methods, such as TEM, IP, and resistivity soundings can be helpful in - 
discriminating a parget signal in a noise-field matrix. 

Specifics regarding geophysical calculations and modeling, sounding curves, and raw data that 
support the interpretation of the seismic and electrical methods used are vresented in the 
Mdnument Valley Geophysical Report (Rogers and Sandberg 1998). Sections 4.1.1 through 4.1.3 
provide summaries of the more significant findings. 
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4.1.1 Seismic Refraction Survey 

The seismic refraction method refers to a geophysical technique in which acoustic (sound) waves 
are used to map subsurface lithologic layers. A source of seismic energy, such as the impact of a 
sledge hammer on a metal plate resting on the ground surface, produces acoustic waves that 
travel in spherical wavefronts down into the subsurface. These seismic waves reflect from, and 
refract along, boundaries between layers of differing density and seismic velocity. For seismic 
refraction to detect the top of a layer, the seismic velocity of that layer must be greater than that 
in the overlying layer. ~herefore,;he seismic refraction method is suited for determining the 
depth to, and seismic velocity of, the bedrock surface underlying unconsolidated alluvial 
deposits. 

A buried paleovalley, which may influence the downgradient extent of contamination in both the 
alluvial and bedrock aquifers, exists beneath the northern part of the processing site. A detailed . 

seismic refraction survey was conducted near and downgradient from the former millsite to 
provide subsurface information about the presence and extent of the buried paleovalley. 

4.1.1.1 Seismic Refraktion Procedure 

Seismic refraction data were collected along the three parallel traverse lines shown in Figure 4-1; 
each line was established roughly.across and perpendicular to the inferred axis of the buried 
paleovalley. The first line was near the former old tailings area and was 1,780 ft long. Line 2 was 
approximately 1,000 ft  north from line 1 and was 1,330 ft long. The third line was 670 ft long 
and was approximately halfway between lines 1 and 2. 

Geophones were spaced 10 ft apart along each line using an array (spread) of 24 geophones at a 
time with an overlap of 10 ft between each spread. A Geometrics model 2401 seismograph was 
used to record the seismic signals generated by the impact of a sledge hammer on an aluminum 
plate. The seismic data were processed using the GREMIXa (Interpex, Ltd.) generalized 
reciprocal method (GRM) computer software package. The GRM uses seismic arrival times at 
the surface geophones from opposing shots, surface hammer blows forward and reverse of the 
seismic spread, which travel along the same refractor, along with the reciprocal time between the 
shots, to calculate the time depth from a surface geophone to the refractor. 

The seismic refraction survey was performed according to procedure GP-2(P), "Standard 
Practice for Acquisition, Reduction, and Display of Refraction Seismic Data" (GJO 1998). 

4.1.1.2 Seismic Refraction Results 

Seismic profiles for each of the three survey lines are presented in Figures 4-2,4-3, and 4 4 ,  
respectively. The upper portion of each cross-section presents the travel-time curves generated 
from each shotpoint and geophone spread. The center portion presents the interpreted structure of 
the subsurface. The lower portion presents the interpreted velocities derived from the field data 
versus profile distance. 
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Figure 4-1. Locations of Seismic Lines 
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Figure 4-4. Seismic interpretation for Line 3 

The profile of the paleovalley is revealed in seismic line 1 (Figure 4-2). The eastern extent of the 
paleovalley is defined at the Shinarump outcrop just east of monitor well MON-657 and extends 
in width approximately 350 ft west to the dipping beds of the Shinamp Member. Examination 
of seismic lines 2 and 3, which are a~oroximately 1.000 and 500 ft north of seismic line 1, - .  

respectively, does not indicate the presence of the buried paleovalley. Therefore, the seismic 
refraction survey'results suggest that the buried paleovalley is not present'in the area of lines 2 
and 3. 

4.1.2 TEM Survey 

TEM is a geophysical technique in which a steady-state current within a large transmitting loop 
is abruptly terminated, causing eddy currents to flow within conductive strata below the loop. 
These currents decay away with time according to the conductivity (resistivity) and geometry of 
these strata. A receiver coil is placed at the center of the transmitting loop in a central loop 
configuration to detect and record the magnetic field resulting from these eddy currents. The data 
acquired can be mathematically modeled to produce thicknesses and conductivities (resistivities) 
of subsurface layering. 
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A TEM survey was conducted at the former millsite to map the downgradient and lateral extent ! I 

of the contaminant plume in the alluvial aquifer and, as a secondary objective, to provide 
subsurface information about the nature of the bedrock topography. 

4.1.2.1 TEM Survey Procedure 

TEM soundings (measurements) were obtained along the seven traverse lines shown in I 

Figure 4-5 to map subsurface resistivity variation associated with changes in ground-water ionic 
concentrations of contaminants and lateral changes in lithology. Data were obtained using the 
Geonics TEM-47 transmitter and the Geonics Digital PROTEM receiver in the central loop 
configuration with square transmitting loops 40 meters (m) on a side. Measurements were 
performed at 285-, 75-, and 30-Herz (Hz) base frequencies at each sounding location. 

TEM data were processed initially to produce apparent resistivity versus sample time using the 
"all time" (ramp-conected) apparent resistivity formulations provided by the RAMPRES2 
(Sandberg 1990) computer software code. An approximate depth section was then created for 
each TEM traverse by plotting the apparent resistivity at the diffusion depth (Christensen 1995) 
and contouring the values. The resulting approximation yields a relatively sharp upper boundary 
for a conductive layer and a diffuse lower boundary. 

To improve the depth resolution of the interpretations, one-dimensional layered-earth modeling 
was employed using a nonlinear least-squares iterative algorithm to fit field data with theoretical 
data calculated from specific layered-earth parameters using the EINVRTS computer code (an 
updated version of EINVRT4, Sandberg 1990). Simultaneous inverse modeling of TEM data- 
with resistivity and IP data was also used to improve layered-earth parameter resolution. 
EINVRT5 was also used for simultaneous inverse modeling. 

4.1.2.2 TEM Results 

Apparent resistivity values using the ramp-corrected formulations for gate 5 of the TEM 
sounding data sets and the 285 Hz base frequency are shown in Figure 4-6. The resulting 
logarithmic contours indicate ground-water contamination in areas of low apparent resistivity. 
The low apparent resistivity trend appears to originate near the new tailings area near monitor 
well MON-606 and extends in a northerly direction for approximately 4,500 ft. 

Modeling results for the resistivity values measured at sounding station TEM-14, located near 
alluvial monitor well MON-606, indicate that a low-resistivity layer begins at the top of the 
alluvial water surface and extends only to the top of the underlying Shinarump Member. This 
result indicates that ground-water contamination is confined to the alluvial aquifer at this location 
(Rogers and Sandberg 1998). Similarly, modeling results for the resistivity values measured at 
sounding station TEM-50, located near alluvial monitor well MON-653, indicate that 
ground-water contamination is restricted to the alluvial aquifer at that location. 

4.1.3 ResistivitylIP Survey 
I 

A resistivity survey is a geophysical technique of measuring the electrical resistivity of earth 
strata. Soundings (measurements) are usually performed using the Schlumberger resistivity 
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array, which consists of a collinear four-electrode array in which current is injected and removed 
from the outer electrodes, and the resulting voltage (potential) is measured between the inner two 
electrodes. The separation of the outer electrodes is subsequently increased while the inner 
potential electrodes are held at a constant separation, which generates a data set of voltage versus 
current electrode separation. Larger current electrode separations result in a sampling ofthe 
electrical resistivity of deeper strata. These data are used to produce layer thickness and . - 

resistivities of strata below the sounding location by employing computer modeling methods to 
interpret the data. 

An IP survey is a geophysical technique that measures the storage of electrical charge in strata. 
A steady-state transmitted electrical current is abruptly terminated. This results in a decay of 
stored charge over time to a neutral level. This effect produces a continued decaying voltage after 
current shutoff as a function of time. This IP effect is sampled versus time since transmitter 
turnoff to produce a reading of chargeability. IP and resistivity data are usually acquired 
simultaneously by using a bipolar transmitter waveform in which the current is on (+), off, 
on (-), off, and on (+) again. The receiver obtains the resistivity measurement while the 
transmitter is on and the IP measurement while the transmitter is off. 

A Resistivity/IP survey was conducted at the former millsite to map the downgradient and lateral . 

extent of the ~ontaminant'~1ume in the alluvial aquifer and, as a secondary objective, to provide 
subsurface information about the nature of the bedrock topography. 

4.1.3.1 ResistivityAP Procedure 

Resistivity and IP soundings were obtained at four locations (IP-1 through IP-4) shown in 
Figure 4-5 using the Schlumberger array at current electrode half-separations ranging from 
1.58 m to 100 m at logarithmic increments using 10 per decade. A Phoenix IPT-1 transmitter 
was used with a 3 kW generator for power. A Zonge GDP-32 general purpose receiver was used 
to collect the resistivity and IP data in the time domain. Data were obtained using an 8-second 
waveform. 

Resistivity and IP data were plotted in the field for initial data quality inspection using calculated 
apparent resistivity and observed chargeability versus half-current electrode separation (ABl2). 
Simultaneous resistivity and IP modeling was performed using EINVRTS (an updated version of 
EINVRT4, Sandberg 1990), a nonlinear least-squares inverse modeling computer code. 

4.1.3.2 ResistivityAP Results 

The IP method, because of its ability to detect polarization effects due to clay mineralogy in the 
membrane polarization mechanism, can be used to distinguish conductive layers that result from 
an increase in ionic concentrations (ground-water contamination), from those that result from the 
presence of clays. 

Apparent resistivity and apparent chargeability versus current electrode half-spacing are shown 
in Figure 4-7 for data collected at location IP-4 near alluvial monitor well MON-653. The data 
indicate a conductive layer at depth bounded above and below by more resistive layers. This 
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Figure 4-7. IP-4 ResistivityAP Field Data Curves 

supports the interpretation that the vertical extent of alluviai ground-water contarninationis 
constrained by the top of the water table aboveand by the top of the Shinarump bedrock 
formation below. Similar curves and results are obtained for data collected at locations IP-1 and 
IP-3. 

4.2 Direct-Push and Hand-Auger Ground-Water Sampling 
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The extent and nature of site-related ground-water contamination was determined by delineating 
the vertical and horizontal distribution of nitrate and sulfate concentrations in the alluvial aquifer 
using a direct-push sampling device (Hydropunch). Information obtained from fhe Hydropunch 
water sampling was supplemented with water samples collected from shallow hand-augered 
borings 1ocated.mostly to the east of the site along Cane Valley Wash. The water samples 
collected by the Hydropunch method and from the shallow hand-augered borings were analyzed 
for nitrate and sulfate in a mobile laboratory. 

The Hydropunch sampling method allows rapid sampling of the ground water from a discrete 
2-ft interval. Field analyses provide a auick turnaround time for nitrate and sulfate concentrations 
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4.2.1 Hydropunch Sampling Procedure 

A CME-850 track-mounted hollow-stem auger rig was employed to collect ground-water 
samples with the Hydropunch device. With the track-mounted rig centered over the sample 
location, the auger was advanced down through the Quaternary alluvium to a depth 
approximately 2 to 5 ft above the desired sampling point. The Hydropunch device was then 
inserted into the hollow-stem auger and pressed into the sampling zone of interest. A discrete 
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ground-water sample was collected from the device's 2-ft screened interval using a small 
diameter bailer and analyzed in a mobile field laboratory for sulfate and nitrate by 
spectrophotometry. Multiple samples were collected at the same location by removing the 
Hydropunch device and advancing the auger to a depth approximately 2 to 5 ft above the next 
sampling point. A ground-water sample was then collected and analyzed in the same manner as 
the previous one. 

One to four alluvial water samples were collected with the Hydropunch device at each location to 
profile the contaminant plume as a function of depth. The location and number of samples were 
determined from results of the surface geophysical survey and from sulfate and nitrate 
concentrations in ground-water samples obtained concurrent with the Hydropunch. 

A hand auger was also used to collect ground-water samples at selected locations along Cane 
Valley Wash and near the former source areas where the depth to water is relatively shallow. 
Samples were collected by first hand-augering a 4-in.-diameter borehole to a depth up to 8 ft 
below the ground surface. The auger was then removed and a small diameter bailer was used to 
collect water from the open borehole. 

Analytical results of the water sampling were evaluated and integrated with existing data on a 
day-to-day basis to update the site conceptual model. The updated site conceptual model was 
used to guide the locations for the next day's sampling activities. 

The following procedures were used for the collection and analyses of the water samples: 

LQ-11(P), "Standard Practice for Sampling Liquids," (GJO 1998). 

ESL Procedure 1.3, "Nitrate Analysis," Environmental Sciences Laboratory Procedure 
Manual (1992). 

* ESL Procedure 1.5, "Sulfate Analysis," Environmental Sciences Laboratory Procedure 
Manual (1 992). 

4.2.2 Hydropunch Sampling Results 

During the field investigation, 38 ground-water grab samples were collected from 23 auger 
borings by using the Hydropunch. Eleven shallow ground-water samples were collected fiom 
hand-augered borings. The Hydropunch and hand-auger sample locations are shown in 
Figure 4-8. In general, locations where only Hydropunch samples were collected are designated 
by the 600 series of numbers. The 700 series includes new monitor wells and Hydropunch 
borings that were also completed as monitor wells. The hand-auger locations are designated by 
the 800 series. 

Hydropunch water sample results for nitrate and sulfate field analyses are summarized in 
Table 4-1. 
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Figure 4-8. Hydropunch, Hand Auger, and Monitor Well Locations 
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Table 4-1. Hydropunch Data 

Hand-auger water sample results for nitrate and sulfate field analyses are summarized in 
Table 4-2. 
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. . Table 4 2 .  Hand Auger Water Sample Results 

At the conclusion of the Hydropunch and shallow ground-water sampling, all the newly acquired 
data were evaluated and integrated with the most recent site conceptual model to determine the 
optimum location to establish the alluvial monitor well network and to place a monitor-extraction 
well and a bedrock monitor well. 

4.3 Ground-Water Well Installations 

Information regarding the nature and extent of the alluvial contaminant plume, based on the 
results of Hydropunch sampling and field analyses, was used to optimize the design of the 
alluvial monitor well network (see Figure 4-8). The areal extent of the most contaminated 
portion of the alluvial aquifer, as defined by water samples containing nitrate concentrations 
exceeding 500 mgL (Table 4-I), was used to guide the location for a 4-in. monitor-extraction 
well MON-765. Hydropunch sampling results were also used in combination with the results of 
the surface geophysical surveys and existing depth-to-bedrock well control to establish the 
optimum location for a paleovalley bedrock monitor well. 

4.3.1 ~nstallation Procedures 

Alluvial monitor wells (MON-760 to -762, -764, -766 to -772, -774, and -777) were 
constructed using 2-in. i.d., flush-joint, threaded polyvinyl chloride (PVC) casing, and slotted 
PVC screen. The annular space around each casing was filled with sand from the bottom of the 
borehole to a level 2 ft above the top of the screen. A 3-ft bentonite seal was installed above the 
filter pack, and the remaining annular space was filled to 2 ft below ground level with an 
expanding grout mixture. Concrete was used to fill the remaining annulus to ground level and to 
install the well-cover pad. 

The alluvial monitor-extraction well (MON-765) installed near the center of the contaminant 
plume was constructed using 4-in. id., flush-joint, threaded PVC casing and a 30-ft slotted PVC 
screen. The bottom of the well screen was installed at the bedrock and alluvium contact. The top 
of the well screen is approximately 15 ft below the alluvial water level. Sand was placed in the 
annular space from the bottom of the borehole to a depth of 2 ft above the top of the well screen. 
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A 3-ft bentonite seal was installed above the filter sand pack, and the remaining annular space 
was filled to a depth of 2 ft below the ground surface with an expanding grout mixture. Concrete 
was used to fill the remaining annulus to the ground surface and to install the well-cover pad. 

A new bedrock monitor well (MON-775) was installed approximately 800 ft downgradient from 
the former old tailings pitelheap-leach area, along the northeast-trending axis of the paleovalley. 
This monitor well was constructed by advancing the borehole with a hollow-stem auger through 
121 ft  of Quaternary material and through several feet of the weathered portion of the Moenkopi 
Formation. When the auger reached competent Moenkopi Formation, a 5-in. diameter steel - . 

casing was cemented in place to prevent migration of contaminants from the alluvial aquifer into 
the lower De Chelly Sandstone aquifer. The cement was allowed to cure and was tested before 
the borehole was advanced downward by coring through the remaining section of the Moenkopi 
Formation and into the upper portion of the De Chelly Sandstone. After coring continued 40 ft 
into the De Chelly Sandstone the boring was completed with 2-in. i.d., flush-joint, threaded PVC 
casing and a 2 5 4  slotted screen. 

A second bedrock monitor well (MON-776) was installed 50 ft  south of existing production well 
MON-619 for use as an observation well during an aquifer test. Both the new bedrock boring 
and existing uncased production well MON-619 were completed using 6-in, i.d. flush-joint, 
threaded PVC casing and 5 0 4  slotted screens. The top of the screened interval for both wells 
was placed approximately 10 ft  below the Moenkopi-De Chelly contact. The depth to the 
Moenkopi and De Chelly contact for well MON-619 was based on the core obtained from the 
boring for the new bedrock well MON-776. The boring for well MON-776 was advanced by 
coring to the desired depth, then reaming to the proper diameter to accommodate the well casing 
and protective well cover. 

Detailed well construction procedures are available in the Drilling Statement of Work in the 
Work Plan for Characterization Activities at the UMTRA Monument Valley Project Site 
(DOE 1997c) and in the procedure that was used for the well installations: LQ-I4(P), "Technical 
Comments on ASTM D 5092-Standard Practice for Design and Installation of Ground-Water 
Monitor Wells in Aquifers" (GJO 1998). Lithologic and monitor well completion logs are 
presented in Appendix A. 

4.3.2 Alluvial Monitor Well Network 

Thirteen 2-in. diameter water wells were installed during the 1997 fieldwork to monitor 
migration of the contaminant plume in the alluvial aquifer. The locations of the new alluvial 
aquifer wells are shown in Figure 4-8. 

six of the monitor wells (MON-760, -761, -762, -764, -767, and -768) were installed to 
monitor the downgradient and lateral extent of the plume boundary. These wells were 
constructed so that the screened intervals intersect the most likely zone where the highest 
contaminant concentrations at the plume boundary can be expected to occur. Depths for the 
screened intervals were based on results of the vertical concentration profiling obtained from the 
Hydropunch sampling, existing monitor well control, and lithologic information from auger 
cuttings and split-barrel sampling. 
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Five monitor wells (MON-766, -769, -770, -771, and -777) were installed to monitor the 
vertical distribution of contaminants near the center of the plume where the highest nitrate 
concentrations were detected and for use as observation wells during aquifer tests. 

Two monitor wells (MON-772 and MON-774) were installed near the center of the old tailings 
piletheap-leach pads and near the eastern edge of the new tailings pile, respectively, to evaluate 
the potential for residual contaminants in the former source areas. Well MON-774 was also 
designed to serve as an observation well during an aquifer test. 

Construction details such as the screen depth, screen length, total depth of the well, and the 
geologic formation in which the well is screened are summarized in Table 4-3. Results of the 
alluvial aquifer tests conducted at wells MON-766, -769, -770, -771, -774, and -777 are 
provided in Section 4.6. Results of ground-water sampling and laboratory chemical analyses are 
provided in Appendix C. 

4.3.3 Alluvial Monitor and Extraction Well 

Well MON-765 was installed near the center of the alluvial plume where the highest nitrate 
concentrations were detected (Figure 4-8). This 4-in, diameter well is used (1) as a ground-water 
sampling well to monitor the vertical distribution of plume contaminants in the middle to lower 
portion of the alluvial aquifer, (2) as an aquifer test well, and (3) as a potential extraction well 
during remedial action. 

Construction details, such as the screen depth, screen length, total depth of the well, and the 
geologic formation in which the well is screened are summarized in Table 4-3 and in 
Appendix A. Results of the alluvial aquifer test conducted at well MON-765 are provided in 
Section 4.6 and in Appendix B. Results of ground-water sampling and laboratory chemical 
analyses are provided in Appendix C. 

4.3.4 Bedrock Monitor Wells 

Diamond core holes were drilled approximately 50 ft into the De Chelly bedrock aquifer at two 
locations. The first location, well MON-775 (Figure 4-8), was drilled to obtain geologic 
information regarding the characteristics of the buried paleovalley and then completed as a 
monitor well to evaluate potential uranium contamination in the bedrock aquifer. The second 
location, well MON-776, was drilled to determine depths to geologic contacts. The core hole 
was subsequently completed as a bedrock monitor well and used as an observation well during 
the aquifer test in the De Chelly Sandstone. 
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D o c u m e n t  Number U0018100 F i e l d  I n v e s t i g a t i o n  Resu l t s  

Table 4-3. Construction Summary Table-Existing and New Monitor Wells 

0640 2155769 589014 4675.0 - U Al 
05% 2154970 589923 4791.3 1W.7 7.9 47943 100.5 4.0 76.6 20.0 D Al 
0551 2183789 592735 4784.6 85.2 7.9 4767.9 65.4 4.0 20.1 W.0 C Al 
0652 2162582 593750 4605.6 W.8 7.9 4808.9 63.1 4.0 35.7 20.0 C Al 
D6U 2161250 589596 4834.3 80.1 7.9 4837.1 60.1 4.0 55.3 20.0 0 Al 
0554 2159351 5910M 4821.6 76.2 7.9 4824.4 76.3 4.0 51.6 20.0 C Al 
E56 2159754 588624 4858.9 61.2 7.9 4582.1 61.7 4.0 36.5 20.0 D Al 
06% 2159545 589175 4853.6 61.4 7.9 4856.3 . 61.7 4.0 36.9 20.0 D Al 
0562 2159237 587577 4675.6 58.7 7.9 4676.6 88.3 4.0 33.4 30.0 D Al 
0569 2160145 588265 4W.1 569 7.9 4887.2 67.4 4.0 32.4 20.0 D Al 
0601 2154981 588016 4881.8 24.3 6.6 , 4 8 6 4 9  24.4 2.0 9.3 10.0 U Sr-Al 
0607 2159657 587619 4988.0 26.6 6.6 4871.4 27.6 2.0 9.2 10.0 D Sr 
C€C¶ 2154)53 587650 4677.0 13.6 6.6 4880.0 13.6 2.0 3.8 5.0 0 Sr-Al 
0510 2156339 588612 4662.2 131.9 6.6 4863.2 86.4 2.0 63.4 20.0 U Sr 
0614 21M)940 587832 4655.6 65.9 6.0 4856.6 71.2 2.0 46.0 20.0 D Sr-Al 
0615 2157795 588961 4846.6 111.1 6.6 4650.2 90.9 2.0 67.3 20.0 U Sr 
0658 2154764 588857 4677:O 165.8 7.9 4680.0 158.1 4.0 133.2 20.0 U Sr 
0659 2159070 588570 4851.7 110.9 7.9 4865.0 110.3 4.0 65.1 20.0 D ST 

,0660 2161303 589584 4833.6 157.2 7.9 4836.3 157.2 4.0 132.4 20.0 D ST 
m 2158640 587194 4901.1 120.0 6.6 4903.1 120.0 2.0 96.0 20.0 0 DC 
0611 2157811 589017 4846.2 186.8 '6.6 4849.3 188.0 2.0 162.8 20.0 U DC 
0512 2158437 585615 5WB.2 221.1 6.6 6537.8 221.1 2.0 179.6 20.0 U 00 
0513 2156376 5WS4 4861.9 161.1 6.6 4864.3 161.5 2.0 137.1 20.0 U DO 
0516 2158868 587017 4922.1 155.1 12.0 4924.8 158.8 12.0 - 0 Do 
0519 2158877 587587 4886.3 154.4 12.0 4588.6 158.8 60  103.9 50.0 0 DC 
0525 2158273 589803 4836.8 89.0 12.0 4841.6 90.5 12.0 - C DC 
0657 2169265 587597 4876.6 135.4 7.9 4679.0 133.8 4.0 114.4 15.0 0 DC 
0561 2156366 585448 5060.2 2M.6 7.9 5062.5 214.5 4.0 190.2 20.0 U DC 
0563 2159070 588593 4652.4 217.8 7.9 4885.7 216.3 4.0 173.0 40.0 D DC 
OSM 2161258 589587 4834.5 234.7 7.9 4837.4 234.6 4.0 2W.8 20.0 D Dc 
0668 2150171 588287 4865.0 2187 7.9 4867.8 216.1 4.0 176.3 20.0 D DC 

'bls =below land surface 

LOcaUon NoM Coord, E,,tCoord, Orou nd Elsv, s;eh$o Borehole 
TOP of Ceslng Csrlna Screen Screen Flaw Zone 

Dl*. Caslng EIev. Length Dlameter Depth Length of 
Code (SUta.PIene) (State-Plane) l k )  

(fl) (n) (In.) (bls) (n) C O ~ ~ I . -  
NewWells lnatallcd In  1987 

0750 2162853 590711 4612.3 77.0 7.6 4814.8 78.0 2.0 55.0 20.0 D Al 
0761 2162488 588611 4832.3 65.6 7.6 4835.0 57.2 2.0 39.0 10.0 D Al 
0762 2162885 589783 4816.1 90.0 7.6 4820.7 57.1 2.0 29.0 20.0 0 Al 
0764 2161265 588408 4846.7 52.5 7.6 4651.5 553 2.0 47.0 5.0 D Al 
0765 2160368 589204 a 5 . 6  89.0 105 4848.5 91.8 4.0 68.6 30.1 D Al 
0758 21EIM16 58921 1 4844.6 W.0 7.6 4846.0 W.7 2.0 47.2 10.0 D Al 
0767 2161713 591SC-l 4805.6 65.0 7.6 4808.3 66.8 2.0 43.6 20.0 D Al 
0788 21EIM26 690931 4617.9 45.0 7.6 4620.7 47.8 2.0 24.4 20.0 D Al 
0769 2159804 588617 4856.3 44.0 7.6 4881.3 47.0 2.0 33.4 10.0 D Al 
0770 2159579 589141 4854.4 65.5 7.6 4857.3 58.4 2.0 54.9 10.0 D Al 
0771 2159742- 585575 48606 79.0 7.6 4863.3 80.5 2.0 67.4 20.0 D Al 
0772 2158168 588854 4844.7 30.0 7.6 4847.6 309 2.0 7.4 20.0 0 Al 
0774 2158901 587494 4677.4 55.5 7.6 4880.1 58.2 2.0 45.0 10.0 0 Al 
0777 2160383 589206 4845.4 49.0 7.6 4846.2 50.1 2.0 31.9 15.0 D Al 
0775 2159521 587955 4676.5 167.6 10.5 4879.7 170.7 2.0 142.0 25.0 D DC 
0776 2158791 587590 4880.4 150.2 9.9 4883.3 152.9 6 0  99.5 50.0 0 DC 

Wells Installed Before 1997 
0200 2158826 589741 - U Al 
0400 2154879 589333 4670.7 4883.4 2.0 4670.4 13.8 2.0 9.2 4.5 U Al 
0401 2154676 589332 4870.7 4877.4 2.0 4870.4 7.9 2.0 5.4 2.0 U Al 
0402 2157594 590516 4840.6 4850.7 2.0 4840.3 11.3 2 0  6.7 4.5 U Al 
0403 2157637 590468 4836.6 4844.9 2.0 4836.2 9.4 2.0 4.9 4.5 U Al 
0404 2157674 59x35 4836.2 4846.8 2.0 4837.7 9.6 2.0 5.2 4.5 U Al 
0405 2157637 5W58 4836.6 4840.3 2.0 4836.5 6.1 2.0 2.1 2.3 U Al 
0407 2159626 590905 4620.4 4832.2 2.0 4620.1 9.1 2.0 4.5 4.5 C Al 
0408 2159070 591542 4823.7 4832.6 2.0 4823.6 9.2 2.0 4.5 4.5 C Al 
0409 2159084 591495 4821.7 4837.7 2.0 4821.5 16.5 2.0 11.8 4.5 C Al 
0410 2159096 591442 4823.7 4834.2 2.0 4823.4 7.8 2.0 3.1 4.5 C Al 
0411 2159083 591496 4821.7 4826.4 2.0 4821.4 5.0 2.0 2.6 1.6 C Al 
0413 2183573 592962 4784.1 4794.6 2.0 4783.9 12.9 2.0 6.3 4.5 C Al 
0414 2158547 692893 4762.4 4798.1 2.0 4782.0 19.0 2.0 14.5 4.5 C Al 
0416 2183551 592833 4784.2 4793.6 2.0 4783.8 12.9 2.0 6.2 4.5 C Al 
0416 2183523 592736 4765.7 4796.2 2.0 4785.3 13.9 2.0 9.0 4.5 C Al 
0417 2183546 692893 4782.4 4787.4 2.0 4782.2 8.6 2.0 5.1 3.0 C Al 
OMn 2156378 588661 4862.1 35.6 6.6 4864.4 31.9 2.0 17.6 10.0 U Al 
0603 2157813 589057 4847.6 58.0 6.6 4649.4 556 2.0 42.1 100 U Al 
06M 2158397 589424 4836.7 31.4 6.6 . 4840.4 31.3 2.0 12.6 160 C Al 
OM6 2158708 590066 4832.6 33.2 6.6 4835.1 32.1 2.0 12.6 150 C Al 
0506 2159034 588634 4861.8 48.3 6.6 4854.7 48.4 2.0 30.5 100 D Al 
0516 2158746 587988 4671.1 4859.5 7.6 - U Al 
0517 2152094 587098 4907.6 4909.1 - U Al 

b F I ~  mdes: C = Cross Gradient; D = Downgradienl; 0 = On.8lte; U = Umradienl 
'Zones of mmpleuon: Al= alluvtum: Dc = Da Chelb Sandslone Member ofthe CuUer Formation; Sr = Shinarurnp Mernberofthe Chlnle Formation 

- 
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Field Investigation Results Document Number U0018100 I 

Elevated uranium concentrations have been detected in samples from monitor well MON-657, 
which is:ckmpl&ed i4 +eiDe chelly sand;itoni. Because the downgradient extent of potential 

I 
contaminant miiratidn in the be'~he1ly'akuifer was unknown, a new bedrock well, MON-775, 
was installed northeast (downgradient) from well ~ 0 ~ 4 5 7 .  The location, based on the results 
of the geophysical survey, surface geologic relationships, and existing depth-to-bedrock well 
control, is approximately 800 f t  downgradient from the former old tailings pileheap-leach area, : 
along the northeast-trending axis of the paleovalley. Geologic information obtained from this 
boring also-provides verification of the existence and nature of the paleovalley. 

De Chelly ground water collected from production well MON-619 has also had elevated 
uranium concentrations-approximately 2.5 times the MCL of 0.044 mgk.  However, well 
MON-619 was an uncased and unscreened borehole that was used as a production well during 
operation of the mill. Because this well was not a properly installed monitor well, the source of 
uranium contamination in the De Chelly ground water could not be determined with reasonable 
certainty. To evaluate the potential extent of uranium contamination in the De Chelly aquifer, 
production well MON-619 was completed as a monitor well and a new well, MON-776, was 
installed approximately 50 ft upgradient (south) of existing well MON-619 (Figure 3-1). Well 
MON-776 is used as a monitor well to obtain samples for uranium analysis and as an 
observation well during an aquifer test. 

Construction details, such as the screen depth, screen length, total depth of the well, and the I 

geologic formation in which the well is screened are summarized in Table 4-3 and in 
Appendix A. Results of the bedrock aquifer tests at well MON-776 are provided in Section 4.6 
and in Appendix B. Results of ground-water sampling and laboratory chemical analyses are 
provided in Appendix C. 

I 
4.4 Sediment and Bedrock Sampling 

Both composite and discrete sediment samples were collected during the field investigation. The 
purpose of the sediment sampling was to obtain lithologic information on the nature of potential i 
lacustrine deposits and alluvial sediments that may influence the migration of contaminants 
through the alluvial aquifer. Discrete and continuous core samples of bedrock formations were I 
also collected to verify stratigraphy and geologic contacts. 

I 

I 

4.4.1 Sediment and Bedrock Sampling Procedures 

Composite samples of the auger cuttings were collected every 5 ft during the Hydropunch I 

ground-water sampling activities and monitor well installations. Lithologic descriptions of the 
material were recorded by the site geologist using Unified Soil Classification System 
terminology in Section SL-24(P) of the Environmental Procedures Catalog (GJO 1998). I I 

I 

Discrete subsurface sediment and bedrock samples were collected using a track-mounted 
hollow-stem auger rig and a split-barrel sampling device. With the track-mounted auger rig 
centered over the sample location, the auger was advanced down through the Quaternary material i 
to the desired sampling depth. When the auger reached the desired sampling depth, a 3-in. 0.d. by 

I 
18-in.-long split-barrel sampler was attached to the drive rod and lowered to the top of the I 
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interval to be sampled. The barrel was then driven for the length of the sampler or until 6 in. or 
less of penetration was achieved after 50 blows with a 140-pound drop hammer having a 30-in. 
drop. After the split-barrel was full, or no further penetration was possible, the barrel was 
carefully removed from the borehole and separated from the drive-rod assembly. The barrel was 
then laid flat on an uncontaminated surface and the head and drive shoe were removed. One-half 
of the split barrel was removed to expose the sample. The uppermost portion of sample in the 
split barrel was inspected and the slough was discarded, if present. The remaining sample was 
considered representative and placed in a stainless steel or aluminum pan, if necessary. The 
material was described by the site geologist using Unified Soil Classification System 
terminology in Section SL-24(P) of the Environmental Procedures Catalog (GJO 1998). 

Continuous core samples of the bedrock formations were collected using a nominal 5-ft long, 
double tube, swivel-type, NX diamond core barrel and wireline system. Clean water was used as 
the circulation medium. State-of-the-industry diamond coring practices were used to effect the 
highest core recovery possible. Recovered core was washed and then placed in boxes within the 
longitudinal separators, from left to right, as a book would be read, that is, core was placed 
starting with the shallowest portion of the hole at the upper left corner and ending with core from 
the deepest portion of the hole in the lower right comer. Spacer blocks were inserted between the 
cored sections within the longitudinal separators where no recovery was noted. All core boxes, 
including the lids, were permanently marked showing top and bottom and the beginning and 
ending depths for the core. All core was described by the site geologist. 

All sediment and bedrock sampling was performed in accordance with the following procedures 
from the Environmental Procedures Catalog (GJO 1998): 

SL4(P), "Technical Comments on ASTM D 1452-80(90)-Standard Practice for Soil 
Investigation and Sampling by Auger Borings" 

SL-7(P), "Technical Comments on ASTM D 1586-84(92)-Standard Test Method for 
Penetration Test and Split-Bane1 Sampling of Soils" 

SL-19(P), "Technical Comments on ASTM D 2488-93-Standard Practice for Description 
and Identification of Soils" 

SL-9(P), "Technical Comments on ASTM D 21 13-83-Standard Practice for Diamond 
Core Drilling for Site Investigation" 

4.4.2 Sediment and Bedrock Sampling Results 

Lithologic descriptions of composite samples of the auger cuttings collected at each Hydropunch 
and monitor well location shown in Figure 4-8 are presented in the field logs in Appendix A. 

Split-barrel samples were collected at the three locations shown on Figure 4-8 that coincide with 
monitor well MON-760 near the northeast edge of the nitrate plume, monitor well MON-761 
near the northwest edge of the nitrate plume, and monitor well MON-774 near the center of the 
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former old tailingsheap-leach area. Lithologic descriptions of the discrete samples collected with I 
the split-barrel sampler are presented in the field logs in Appendix A, i 

Core samples were recovered from two new De Chelly monitor wells, MON-775 and I 
MON-776, installed near the downgradient extent of the buried paleovalley and near the former 
old tailings area, respectively. The locations of the bedrock wells are shown on Figure 4-8. 
Lithologic descriptions of the core are provided in the field logs in Appendix A. 1 I 

4.5 Subpile Soil Sampling I I 
During the uranium milling operations at the Monument Valley site, several ponds were used for 
evaporation of milling fluids and for disposal of tailings. The radioactive material has been 
removed from the site. No radioactive materials exceeding 15 picocuries per gram @Ci/g) 
radium-226 were left. However, the potential exists for nonradionuclide contaminants to have 
seeped into the soils. Contaminated soils could contaminate infiltrating water as it passes through 
them and prolong the ground-water cleanup effort. 

Soil samples were collected and analyzed to evaluate the distribution of selected site-related 
constituents in the soils underlying the former tailings piles, heap leach pads, and evaporation 
ponds. Background soil samples were also collected and analyzed. 

4.5.1 Subpile Soil Sampling Procedures 

Twenty-six samples from nine soil borings were analyzed. Figure 4 9  shows the locations of the 
nine soil borings. Three soil borings were in the former location of the new tailings pile, and two 
each in the former heap-leach pads and evaporation pond. Two background soil borings were 
upgradient of the site. Each soil boring was hand augered to a depth of 3.5 to 8.5 ft. Samples 
were double bagged in clean plastic bags and placed in 5-gal plastic buckets for transport to the 
laboratory. 

Lithologic logs of the soil were prepared in the field (Figure 4-10). The upper 1-2 ft was loose 
fill material that had been placed on the surface and graded after removal of the tailings and was 

I 
not representative of the subpile soils. Samples were collected at approximately 1-ft intervals 
below the fill. Figure 4-10 shows the stratigraphic locations of the samples collected for this 
study. I I 

4.5.2 Sample Preparation Methods I 

Samples were air-dried (no oven heat) and sieved to less than 2 millimeters (rnrn). Only a minor 
amount of material was excluded due to sieving. A petrographic thin section was made of each I 

sample used in the extractions. The thin sections were examined to determine mineralogy and 
texture. Because some of the minerals of interest are water soluble (e.g., gypsum), the thin 
sections were cut and polished in oil. Two to three samples from each soil boring were analyzed. 1 
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- Former Source Area 
- Road 

Figure 4-9. Subpile Soil Sample Locations 
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4.5.2.1 Chemical Extraction Methods 

Chemical extractions were used to determine the potential mobility of contaminants. Each 
sample was extracted by using three separate lixiviants, and the residue was completely digested 
and analyzed. The lixiviants were deionized water, alluvial ground water, and 5-percent 
hydrochloric acid. Extractions were performed sequentially on the same starting material to 
avoid variation due to sample heterogeneity. Each extraction was harsher than the preceding one. 

Each chemical extraction was related to scenarios that could cause contaminant release at the 
site. Deionized water was used first to simulate rain water that could leach the subpile sediments 
through infiltration. Soluble phases, including gypsum, dissolve in deionized water. Alluvial 
ground water was then used to simulate the water-table rise that could cause ground water to 
contact contaminated soils. Additional bicarbonate present in the site ground water should 
release additional uranium that may be sorbed to oxides or silicates. Five-percent hydrochloric 
acid was then used to remove amorphous ferric and manganese oxyhydroxides. Metals and 
radionuclides are likely to reside in these oxyhydroxides. The acid treatment also dissolves 
carbonate minerals and releases any sorbed cations. Although oxyhydroxides are stable in most 
soils, irrigation practices or other land use could cause reducing conditions in the soils and lead 
to dissolution of the oxyhydroxides with release of their sorbed constituents. Finally, a complete 
digestion of the sample residue was performed to determine the total concentrations of the 
constituents in the soil. Any additional constituents that are contained in recalcitrant mineral 
phases will be released and analyzed by this method. The results of the subpile samples were 
compared to the results from the background samples to estimate the degree of contamination. 

The extraction procedure consists of the following steps: 

Two grams 0f:soil (accurately weighed) were placed in a centrifuge tube with 100 milliliters 
(mL) of deionized water, and the contents were shaken on an end-over-end shaker for 
4 hours. 

Contents were centrifuged to remove particles less than 2 micrometers (pm) in diameter. 
Supernatant was decanted into a 200-mL volumetric flask. 

Additional deionized water (about 100 mL) was added. Contents were shaken for 
15 minutes, centrifuged, and decanted into the same 200-mL flask. 

The 200-mL flask was filled to volume with deionized water and filtered (0.2 pm filter). 
Alkalinity, pH, and Eh were measured. The remaining water was preserved and sent to the 
analytical lab for analyses. 

100 mL of site ground water were added to the residue in the 100-mL tube and shaken for 
4 hours. Composition of the ground water is (micrograms per liter [pg/L]): Mn = 30, 
Sr = 330, U = 1, V = 10, NH, = 9.3, NO, = 50, and SO, = 35,700. 

Contents were centrifuged to remove particles less than 2 pm in diameter. Supernatant was 
decanted into a second 200-mL volumetric flask. 
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Additional site ground water (about 100 mL) was added. Contents were shaken for 
15 minutes, centrifuged, and decanted into the same 200-mL flask. 

The 200-mL flask was filled to volume with site ground water and filtered (0.2 pm filter). 
Alkalinity, pH, and Eh were measured. The remaining water was preserved and sent to the 
analytical lab for analyses. 

The procedure was repeated using 5-percent hydrochloric acid. 

The residue was dried, ground, completely digested (microwave digestion with concentrated 
nitric acid), and analyzed. 

All extracted samples were analyzed for Mn, NH,, SO,, NO,, U, V, and Sr. Nitrate and 
sulfate were analyzed by ion chromatography. Ammonium was determined by 
spectrophotometry. Mn, V, and Sr were analyzed by ICP-AES, and U by ICP-MS. The total 
digestions were analyzed for Mn, U, V, and Sr (NO,, NH,, and SO, are considered too 
volatile to provide meaningful results). 

From these data, the amount of each constituent removed during each step was calculated. 
The total amount of each constituent was also calculated. 

4.5.3 Subpile Soil Sampling Results 

Lithologic logs for the nine sample locations shown are provided in Figure 4-10. The lithology 
consists of a red-brown, very fine grained sand. Thin section observations indicate the presence 
of ferric oxyhydroxides. 

Raw data and calculations for the leach analyses are presented in Tables 4-4 through 4-7. Each 
table lists the data and calculations from the sequential extractions: Deionized water (Table 4-4), 
ground water (Table 4-5), 5-percent HCI (Table U), and total dissolution (Table 4-7). Bold 
type in the tables indicates that a concentration was less than the detection limit; for those, the 
detection limit was used in the calculations. 

The extraction of strontium in sample 851-2 is used to illustrate the calculations. The effluent 
from the deionized water extraction had a strontium concentration of 89.1 pgL  (column 5, 
Table 4 4 ) .  

Two grams of sample were extracted with 200 mL of deionized water: 

200 mL 89.1 pg x 1,000 g , m g  =8.91 mglkg (column 6, 
2 g L 1,000 mL kg 1,000 pg Table 44) 

The residuum was then extracted with 200 mL of ground water that had a strontium 
concentration of 330 pgL. After this extraction, 332 pgL  of Sr is in the effluent (Column 6, 
Table 4-5). 
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Table 4-4. Deionized Water Extraction 

EP = Evaporation ponds 

HL = Heapleach pads 

NT = New tailings pile 

(Shaded cells = detection limit actual value was lower) 



- 
Table 4-5. Ground Water Extraction 

" Nega6ve extradon indicates uptake. me uptake is subtracted from the HCI step. 

BG I Background aea 

EP = Evaporation ponds 

HL = Heapleach pads 

NT = New tailings pile 

(Shaded Cells = detection limit: adual Mluewas lwer  than this Mlw.) 
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Table 4-7. Total Dissolution 

BG = Background area 
EP = Evaporation ponds 
HL = Heap-leach pads 
NT  = New tailings pile 

~ 

870-3 

870-4 
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Sample 
ID 

Sr 
mglkg 

Total digestions were not performed for NO,, NH,, and SO, due to probability of volatilization. 

BG 

BG 

Area 
ID 

U 
mglkg 

Mn 
mglkg 

20.4 

17.1 

V 
mglkg 

2.1 

3.1 

NH4' 

0.13 

0.17 

NO," 

2.8 

3.3 

SO,' 

N A 

N A 

N A 

N A 

N A 

N A I 
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After subtracting out the concentration already in the ground water, the concentration of Sr 
extracted from the residuum can be calculated: 

200 mL (332-330) vg x 1,000 g , mg =0.2mglkg (Column 8, 
2 g L 1,000 m~ kg 1,000 vg Table 4-5) 

For the HCI extraction: 

200 mL 167 pg , x- x 1,000 g x, mg =16.7 mglkg 
2 g L 1,000 mL kg 1,000 vg 

(Column 7, 
Table 4 4 )  

The results of the total digestion (based on 2 grams of sample) are listed on Table 4-7. 

Manganese concentrations in the extract decreased when ground water was used as the extractant 
(columns 3 through 5, Table 4-5). In this case, Mn was transferred to the sediment, which 
resulted in a negative value for the amount extracted. It was assumed that this Mn adsorbed to the 
soil and was then desorbed by the subsequent 5-percent HC1 extractant. Thus, this amount was 
subtracted from the mass extracted by HC1 (Column 4, Table M), and the values reflect only the 
amount of Mn present in the original sediment. 

On Table 4-8, the concentrations from all four extractions are summed, resulting in the total 
amount of each constituent that was present in the original sample. Average concentrations of the 
selected site-related constituents occurring naturally in the earth's crust are provided for 
reference. 

4.6 Hydrologic and Soil Tests 

Estimates of the aquifer parameters for both the alluvial and bedrock systems are required to 
develop a design for a pump-and-treat remedial action and to better understand the hydrogeologic 
characteristics of the site that could influence migration of contaminants in the ground water. 
Surface infiltrati&rates, hydraulic conductivity,-storage, and specific yield were measured 
during the field investigation. Results of the measurements are provided in the following 
sections. 

4.6.1 Surface Soil Infiltration 

Surface infiltration tests were conducted to estimate recharge to the alluvial aquifer through - - 
precipitation and to evaluate technologies that rely on land application methods. Surface soil 
infiltration was determined by measuring the permeability of the surface soil and near-surface 
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Table 4-8. Total Amount Extracted;.; . : . . 

. ~ 

., . , .  
5 .  . ~. . 

'Crustal average composition of nitrogen cast as NH,. 
Crustal average composition of nitrogen cast as NO,. 

*Crustal average compositionof sulfur cast as SO,. 

EP = Evaporation ponds 
NT = New tailings pile 
HL = Heap-leach pads 
BG = Background area 

4.6.1.1 Infiltration Test Procedure 

The testing was performed in accordance with procedures described in the Bureau of 
Reclamation test "Field Permeability Test (Well Permeameter Method) Designation E-19" 
(USDI 1974). Two infiltrometers were constructed and carefully calibrated before use. The test 
hole was installed with a hand auger (3.3 in. diameter) to a depth of approximately 4 ft  below 
ground surface. An attempt to advance the boring to a depth of 4.5 ft  was unsuccessful because 
of the presence of noncohesive sand. 

The borehole was filled with a measured mass of larger grained sand, which kept the borehole 
open and prevented caving at depth. A float placed on top of the sand just below the ground 
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surface regulated the flow of water from the infiltrometer into the borehole and provided the 
constant head necessary to complete the test. Beside each infiltrometer was a manometer that 
measured the volume of water (in cubic feet [$I) inside the infiltrometer. After the infiltrometer 
was connected to the float, the test began. The date, time, and manometer reading were recorded 
generally every hour, or more or less frequently depending on the rate at which the water was 
infiltrating into the soil at a location. 

Thirteen tests (including one duplicate) were completed in five different areas of the site between 
July and September 1997. Figure 4-1 1 shows the test locations and area designations. Area 1 
(four tests) represents the central portion of the site; Area 2 (two tests), Area 3 (three tests), and 
Area 4 (two tests) revresent areas to the south, north, and east, respectively. Area 5, at which , A . 

only one test was completed, represents the former location of the new tailings pile, where a 
majority of the vegetation has been removed (Figure 4-1 1). 

Before each test, soil samples were collected to depth at each location and analyzed for 
particle-size distribution. At most test locations, the subsurface profile to a depth of about 4 ft  
below ground surface consisted of red-brown, uniform, fine sand. The three exceptions were in 
Area 4, where a more resistant layer of light gray, compacted, silty sand (probably calcification 
or hard pan) was observed from about 2 ft  below ground surface to the total depth of the 
boreholes. Soil samples were collected at location MON-311; however, an infiltration test was 
not completed at that location because of access problems. 

Table 4-9 provides the date, location, test-hole depth, duration of each test, total volume of water 
infiltrated during the testing period, and infiltrometer number used for each test. 

Table 4-9. InfiMration Test Specifications 
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- Former Source Area 

Infiltration Location 

400 800 Feet 

Figure 4-11, Infiltration Test Locations 
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Test duration was based on the procedure outlined in Designation E-19. A specific yield of 0.10 - 

(commonly used for fine-grained soils) was assumed for each test, which resulted in a minimum 
volume of 6 ft3 to form the reauired hemispherical saturated envelope around the borehole. As 
Table 4-9 shows, each test ran until more than the minimum volume had discharged into the 
ground, with the exception of test MON-305, in which only 4.6 ft' of water had infiltrated by the 
end of the test. However, at that location the test ran for a longer time period compared to the 
others (1,693 minutes, or more than 28 hours) to compensate for the smaller volume of water 
used for the test. 

4.6.1.2 Infiltration Test-Data Analysis 

The data were input into a spreadsheet that calculated the elapsed time since the test began 
(minutes) and the cumulative flow (ft3) over the test period. This information was used to create a 
graph of elapsed time versus cumulative infiltrated volume of water at each test location. These 
spreadsheets and graphs are included in Appendix B. 

To compensate for the volume of water infiltrating into the borehole during the filling of the 
infiltrometer (which in some cases took 10 minutes), manometer readings were collected just 
before and just after the infiltrometer was filled. The rate at which water infiltrated into the " 

borehole just before filling the infiltrometer was substituted for the time required for refilling. 
This adjustment was necessary to collect a complete data set. 

The graphed data typically exhibited a higher rate of infiltration (resulting in a steeper curve) 
near the beginning of the test, and a decreased rate (flatter curve) near the end of the test. Initial 
saturation of the sand in the borehole generally provided a higher infiltration rate; as a result, this 
portion of the data was ignored while calculating the flow rate for the test. In most cases, this 
initial saturation was completed after 3 to 4 ft3 of water had infiltrated into the borehole from the 
infiltrometer. 

More emphasis was placed on the data collected during the later part of the test, since this portion 
of the curve represented the time when the data were not affected by the saturation of the 
nonnative material (sand) added to the borehole. A line was drawn through the late-time data 
points, and the rate at which water infiltrated into the borehole (in cubic feet per minute) was 
calculated from the slope of this line. These data, in addition to the water temperature, radius of 
the borehole, and the height of the water column inside the borehole were used to calculate the 
hydraulic conductivity in feet per year (fb'year) (equivalent to the Coefficient of Permeability in 
Designation E-19) of the surface soils down to the total depth of the borehole. 

The hydraulic conductivity was estimated from the nomograph shown as Figure 19-6 in the 
Designation E-19 procedure (USDI 1974). This nomograph, which was designed for low 
water-table conditions, was used for each of the test locations since the thickness of the 
unsaturated material (depth to the surface of the water table was approximately 35 ft below 
ground surface) was greater than three-times the depth of the borehole. The basis of these 
nomographs is the Glover Solution, which is a commonly accepted method for determining 
hydraulic conductivity from infiltration tests. 
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As a check, the hydraulic conductivity was independently calculated using the Glover Solution: I , . 

I 

Where H, = Dimensionless height of water in the borehole (Wr), 
H = Height of water in the borehole (ft), 
r ' = Borehole radius (ft), 
K, = Saturated hydraulic conductivity (ftlmin), 
Q, = Steady infiltration rate (ft3/min). 1 

4.6.1.3 Infiltration Test Results 

Table 4-10 shows the hydraulic conductivities (in both Wyear and centimeters per second 
[cmls]) calculated from both the E-19 nomograph and the Glover equation. In most cases, the 
values are within 10 percent of each other. The exceptions are locations MON-303 and 1 

MON-305, where the two conductivities were within 16.7 percent and 11.7 percent of each 
other, respectively. I 

! 

Table 4 1 0 .  Infiltration Test Results 

The test results indicate: 

Saturated conductivity values across the site varied by almost two orders of magnitude. 
Testing locations MON-305 and MON-306 (both in Area 1) contained the lowest and 
highest conductivities, respectively. 

The duplicate tests were performed in different boreholes approximately 10 ft apart at 
location MON-308. As the results indicate, the values are within 20 percent of each other. 
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Table 4-1 1 includes the geometric mean of infiltration for the site and for individual areas. 
The geometric mean for the entire . - .  site was . . . ~ . .  130 Wyear .. based . on the nomograph and 
13 1.8 w e a r  based on the Glover  solution^ Area 4has the lowest infiltration rates (geometric 
mean of68.92 ftfyear), and Area 2 has the highest (geometric mean of 404.97 Wye&). As 
expected, Area 4 conductivities appear to have been affected by the compacted silty sand 
layer (probable hard pan layer) approximately 2 ft below the ground surface. 

Table 4-11. Summary of lnfilfration Test Area 

' Includes one duplicate 
Not Applicable, only one test was conducted in Area 5. 

The results do not appear to be affected by the equipment used for the test. This was 
determined by ranking the conductivities in descending order and noting the infiltrometer 
used to collect the data at that location; There did not appear to be a trend (i.e., there was no 
evidence that higher or lower conductivities were associated with one of the infiltrometers). 

4.6.2 Soil Particle-Size Distribution 

Soil particle-size distribution, or soil texture, was characterized as past of a feasibility study of 
the surface application alternative for ground-water remediation. Specifically, the classification 
of irrigation suitability of regraded areas and rangelands at the Monument Valley site required 
soil texture data. Soil texture greatly influences the movement and storage of soil water 
(Hillel 1980). 

4.6.2.1 Particle-Size Analysis Procedure 

Composite soil samples were collected from a subset of the boreholes that were excavated for the 
surface soil infiltration tests (Figure 4-1 1): four samples from Area 1 (MON-303 through 
MON-306), two samples from Area 2 (MON-301 and MON-302), and one sample each from 
Area 3 (MON-307) and Area 4 (MON-310). Composites consisted of evenly mixed samples 
taken incrementally from a soil profile to the bottom of the borehole, approximately 4 ft deep. 

Soil particle-size fractions were determined using mechanical grain-size analysis 
(ASTM D-2487) followed by hydrometer analysis of fines (Gee and Bauder 1986). The sand 
fractions were separated using ASTM sieve sizes 10,20, 100, and 200. Silt and clay fractions 
were determined using a 152H hydrometer with slurry temperatures controlled in a water bath. 
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i 

Soil aliquots weighing between 4 and 60 grams were mixed with a 4 percent, 125-mL sodium 
hexametaphosphate dispersing solution using a blender. 

I 
4.6.2.2 Soil Texture Results 

Soil texture results are summarized in Table 4-12. In most sampling locations, soil profiles 
consisted of uniform, reddish-brown coppice dune sand with over 80 percent fine sand. Follow I 
According to the U.S. Department of Agriculture (USDA) (Soil Survey Staff 1975) system, these 
soils are classified as sand. Two exceptions were MON-301 and MON-310. MON-301, a I 

subsoil in the pond area (Area 2) contained 23 percent silt and is classified as a loamy sand. 

Table 4-12. Monument Valley Soil Particle-Size and Texture Classification 
I 

I I 

MON-310 I o I 2 I 96 1 2 1 o I sand I SP 
'Mechanical grain-size analysis using ASTM sieve sizes 10, 20, 100, and 200, followed by hydrometer analysis of fines 
(ASTM C-2487. SSSA 1986). 
'Soils are classified by b 0 t h . u ~ ~ ~  (1975) and Unified (ASTM 0-2487) systems. W~thin the Unified system, SM =silty sa'nds, 
poorly graded sand-silt mixtures, and SP = poorly graded sands, gravely sands, little or no fines. 

MON-3 10 was sampled in the Cane Wash area (Area 4). The upper 2 ft of the profile consisted 
of reddish-brown sand. A light grey compacted sand was observed from approximately 2 ft 
below the surface to the bonom of the borehole. 

4.6.3 Aquifer Tests 

Aquifer tests were conducted to determine the hydraulic parameters of the alluvial aquifer. An 
aquifer test was also completed in the De Chelly aquifer to define the hydraulic parameters and 
determine if the alluvial aquifer is hydraulically connected to the De Chelly near the 
paleochannel in the southwest portion of the site. 

4.6.3.1 Previous Investigations 

1985 Investigation 

Slug tests were conducted in eight wells screened in the alluvial aquifer, four wells screened in 
the Shinarump aquifer, and seven wells screened in the De Chelly aquifer during 1985. 
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Table 4-13 lists the methods used to analyze the slug test data and presents results from those 
tests. 

Table 4-13. Summary of Hydraulic Conductivity from 1985 Aquifer and Slug Tests 

I I 

SR I MON-660 1 9 4 x 10" I N A I 7 2 x 1 0 "  I N A I 8 3 x 1 0 "  I N A 
'K calculated ustng the Chow and Them Recover/ method based on a slngle aqulfer test In well MON-651 

AL = alluvium 
CBP = Coo~er-Bredehoeft-Pa~ado~ulos method 
DC = De Cnelly Memoer of tne CJI er Format on 
K = HyaraJl~c wnducl v~ty ( f i ls )  
SR = Shlnarump Member of the Ch~nle Formal on 

Arithmetic 
Mean K 

CBP 
Method 

Source: Monument Valley RAP, Appendix F. 1993b. 

Geometric 
Mean K Formation 

In addition to the slug tests, one aquifer test was performed at well MON-65 1, which is screened 
in the alluvium. For this aquifer test, a well point was installed to collect water-level data 21 ft  
from pumping well MON-65 1. MON-65 1 is in Cane Wash (predominantly fluvial deposits) and 
is not considered representative of the alluvial aquifer near the nitrate plume (predominantly 
eolian deposits). 

Bouwer- 
Rice 

Method 
Well I.D. 

A flow rate of 13.6 gallons per minute (gpm) was sustained over an 1 1-hour time period during 
the test. Water level in the observation well actually increased during the test and provided 
inconclusive results after data analysis. Hydraulic conductivities were estimated using drawdown 
and recovery data from the pumping well. Table 4-13 contains results of data analysis from this 
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Ferris-Knowles 
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aquifer test. Data collected from pumping wells during aquifer tests may not provide 
representative estimates of hydraulic parameters of an aquifer, because a number of the 
assumptions that are associated with the analytical methods are not met. 

1992 Investigation 

Notes in the technical notebook reference indicate aquifer tests in 1992 were conducted using 
wells MON-619 and MON-668 as pumping wells, bothof which are screened in the De Chelly 
aquifer. Table 4-14 lists the observation wells, screened elevations, and distances to the pumping 
wells for both tests. 

Table 4-14. Aquifer Test Well Construction Specifics for the 1992 Field investigation 

I 
The well MONA19 test included a step test run at pumping rates of 9 gpm and 14 to 16 gpm. A I 

graph indicates the pumping well water level was lowered only 0.2 and 0.5 ft, respectively, at 
these pumping rates. During the actual aquifer test, which was run at a pumping rate of 39 gpm, 1 
questionable drawdown was monitored in observation wells MON-657 and MON-662. The I 
water level initially increased less than 0.5 ft once the pump was started, returned to the static 
water level, and was followed by a fluctuation in the water level that resulted in less than 0.2 and 
0.3 ft  of drawdown during the test period in wells MON-657 and MON-662, respectively. i 

I 

I 

I 

1 

Well No. 

MON-619 

MON-657 

MON-662 

MON-668 

MON-669 

MON-655 

MON-663 

Questionable drawdown data were also collected from wells MON-669, -655, and -663 during 
the aquifer test in which well MON-668 was pumped at a rate of 15 gpm. The water levels in . 
wells MON-663 and MON-669 both increased (0.8 and 0.06 fi above the static water level, 
respectively) during the initial pumping period and, as a result, no drawdown was detected. At 
the third observation well, MON-655, there was no response to pumping (i.e., the water level did 
not fluctuate from the static level). 

The lack of valid drawdown data from observation wells during these two tests did not allow for 
the calculation of representative aquifer parameters. The site technical notebook did not contain 
any calculations using the data from well MON-619 and well MON-668 tests. Ground-water i 

Well Type 

Pumping 

Observation 

ObSeNation 

Pumping 

MSL = Mean Sea Level. I 
i 

NA - Not applicable. well not Screened at time of 1992 test. 

Observation 

Observation 

Observation 
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Aquifer 

De Cheily 

De Cheliy 

Alluvial 

De Chelly 

Alluvial 

Alluvial 

De Chelly 

Top of Screen 
Elevation 

(ff above MSL) 

N A 

4,762.21 

4,842.31 

4,686.71 

4,831,78 

4,822.39 

4.689.41 

Bottom of 
Screen 

Elevation 
(ft above MSL) 

N A 

4,747.21 

4,812.31 

4.666.71 

4,811.78 

4,802.39 

4,649.41 

Approx. Dist. from 
Pumping Well (ff) 

N A 

40 

40 

N A 

10 

550 

1,150 

I 

i 
I 
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seepage velocity calculations presented in Appendix F of the RAP (DOE 1993b) used data 
generated from the 1985 tests only. 

Table 4-15 provides the seepage velocity results for the alluvial, Shinarump, and De Chelly 
aquifers. The velocities are based on hydraulic conductivity ranges from the 1985 test data only. 
Effective porosity and hydraulic gradient estimates were based on site conditions during the 
1985 field effort, as presented in Appendix F of the RAP. 

Table 6 1 5 .  Ground-Water Seepage Velocity Estimations Based on the 1985 Field Investigation 

4.6.3.2 Current Investigations 

Procedure 

Aquifer 

Alluvial 

Shinarump 

De Chelly 

To more fully characterize the alluvial aquifer, especially near the nitrate plume, two alluvial 
aquifer tests (using wells MON-655 and MON-765 as pumping wells) and one De Chelly test 
(using well MON-619 as the pumping well) were completed. Wells MON-769 and MON-771 
were used for observation wells for the well MON-655 aquifer test (655 Alluvial Test), and 
wells MON-777 and MON-766 were used as observation wells for the well MON-765 test 
(765 -Alluvial Test). 

Source: Monument Valley RAP, Appendix F, 1993b. 

Hydraulic. 
Conductivity Range 

w a y )  

0.28 to 19 

0.39 to 8.1 

0.018 to 2.8 

For the De Chelly test, wells MON-776 and MON-774 were used as observation wells and well 
MON-619 was used as the pumping well. Well MON-668, located 1,450 ft northeast of well 
MON-619, was initially monitored to act as a De Chelly background well. However, water 
levels responded to pumping from well MON-619 during the step and aquifer tests. As a result, 
well MON-668 also acted as an observation well for the De Chelly test. 

Seepage 
Velocity Range 

W a y )  

0.01 to 0.84 

0.04 to 0.80 

0.002 to 0.3 

Estimated 
Effective 
Porosity 

0.25 

0.10 

0.10 

Well MON-774 was installed near the axis of the nearby paleochannel where erosion has created 
a subsurface profile that varies from the subsurface encountered while drilling well MON-776. 
The Shinarump and most of the Moenkopi (the De Chelly confining unit) are absent within the 
paleochannel. As a result, there is the potential for a hydraulic connection between the alluvial 
aquifer and the De Chelly aquifer. A response in well MON-774 to the pumping of well 
MON-619 would confirm if the two units are hydraulically connected. 

Gradient 

0.01 1 

0.010 

0.01 1 

Table 4-16 includes information regarding each of the aquifer tests, including screened interval, 
elevations of the pumping and observation wells, the aquifers in which the wells are screened, 
and distances to the observation wells from the pumping wells. The locations of the test wells are 
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shown in Figure 4-8. Figures 4 1 2 , 4 1 3 ,  and 4-14 provide cross sections of the 655 Alluvial 
Test, 765 Alluvial Test, and De Chelly test locations, respectively. 

Table 4-16. Aquifer Test Well Construction Specifics for the 1997 Field Investigation 

MSL = Mean Sea Level 

Observation Wei l  
771 Pumping  Well 

655 
Observotian Weli 

769 

G r o u n d  Surface 

VJoler  Suriace 
ot 39 f t .  

Bedroc* at - 80 f t .  

Figure 4-12. 655 Alluvial Test Cross Section 
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Figure 4-13. 765 Alluvial Test Cross Section 

Pumping Observation Obseivotian 
Wel l  765 Well  777 Wel l  766 

Pumping 

Obseivat~on Vie11_619 
Ground 
Suifoce 

Alluvium 1 1  I 

- 

Vioter 

Bedrock ot - 55 f t .  

- - 

- \ " . " \ 5 ' 1 \ M I S \ 0 7 \ " a 0 z ~ ~ " ~ o ~ a 7 ~ ~ . 9  

Bedrock at  - 9 0  ft .  

- 

Figure 4-14. De Chelly Test Cross Section 

o t  35 ft. 
v 

- - 
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Step tests were completed to determine the flow rate that could be maintained at each of the 
pumping wells over the length of each test and to determine the specific capacity of each 
pumping well. Once the pumping rate was established, the tests were run for various amounts of 
time, based on the response in the observation wells and the water levels in the pumping wells. 
Generally, the aquifer tests ran between 72 and 94 hours. Immediately after the pump was 
removed from the pumping well, a recovery test was started. These recovery tests lasted a t 

minimum of 8 hours. 

Water levels were recorded periodically from water level meters and consistently from pressure 
transducers. Water levels were recorded from the pumping and observation wells and also from 
background wells in the alluvial and Shinarump aquifers to determine regional trends in the 
ground-water surface elevations during the tests. Barometric pressure data were also collected to 
determine if water levels in the De Chelly were affected by changes in barometric pressure 
during the tests. 

All three tests were completed between August and September 1997. After a review of the data, 
it was apparent that additional development of both alluvial test pumping wells (MONA55 and 
MON-765) was necessary to obtain data that were more representative of the aquifer. It was not 
necessary to conduct additional tests for the De Chelly aquifer. After further development of the 
wells, step-drawdown, aquifer, and recovery tests at locations MON-655 and MON-765 were 
completed in November and December 1997. Two short-term (less than 24 hours) aquifer tests 
were completed at the MON-765 location, and one short-term test and a slug test were 
completed at the M O M 5 5  location. 

Table 4-17 lists the start and end dates of each test, the total time each test was run, the volume 
of water pumped, and average flow rate during each test completed in the 1997 field 
investigation. 

Data Analysis 

Water level data were corrected based on the background water level data (if necessary) before 
data analysis. From that point, all data were interpreted using the software package AquiferTest 
(Version 2.5, Waterloo Hydrogeologic Inc.). This data package allows the user to analyze the 
data using 12 different standard methods. The software approximated unconfined conditions 
using the Jacob correction and also analyzed data from partially penetrating wells. 

Data collected during the alluvial aquifer tests were analyzed using primarily the Theis and 
Cooper & Jacob methods to determine the transmissivity and hydraulic conductivity of the 
aquifer. The Theis & Jacob Recovery Test was used to analyze the recovery drawdown data from 
both the observation and pumping wells. Data collected during the step tests were analyzed using 
the new performance test to determine the specific capacity. 
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Table 4-17. Aquifer Test Duration and Flow Rates for the 1997 Field Investigation 

Data collected during the De Chelly aquifer tests were also analyzed using the Theis and Cooper 
& Jacob methods for determining the transmissivity and hydraulic conductivity of the De Chelly 
aquifer. As with the alluvial aquifer test data, all drawdown data collected during the recovery 
tests were analyzed using the Theis and Jacob recovery test method. The specific capacity was 
estimated by analyzing the data collected during the step test. 

All the methods used for data analysis are described in the AquiferTest User Manual or in other 
publications such as Kruseman and de Ridder (1990). Appendix B contains the 
software-generated plots. 

Results 

655 Alluvial Test 

The initial data at well MON-655 indicated that a pumping rate over 0.6 gpm could not be 
sustained for an extended (greater than 24 hours) period of time. The first aquifer test lasted 
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70.7 hours and resulted in 12 ft  of drawdown in the pumping well and only 0.1 ft of drawdown in 
well MON-769 and insignificant drawdown in well MON-771 (both observation we1ls.are . I 
approximately 50 ft from the pumping well). 

I 
I 

Data from observation well MON-769 provided inconclusive results. Consequently, it was 
necessary to analyze data collected from the pumping well to estimate the hydraulic conductivity 
for this test. Analyses of data collected from pumping wells may not provide accurate estimates I 
of hydraulic conductivity. 

Based on the results provided from the analyses of the data (Table 4-18), the hydraulic I 

conductivity ranged from 0.03 to 0.29 feet per day (Wday), with a geometric mean of 0.1 Wday. 
This range of values is based on data collected from the pumping well. Analysis of the step test 
data resulted in a pumping well specific capacity of 0.009 square feet per minute (Hmin). I 

Fine-grained sand was observed in the water discharging from the pump during the first test. A 
screen slot size of 0.051 in. had been selected on the basis of information provided in the 
completion record for this well. However, the aquifer material at this location consists of a fine- 
grained sand in which the grain diameters range from 0.002 to 0.01 in. Consequently, the aquifer 
material passed through the well screen and reduced the well efficiency. The well was 
redeveloped in an attempt to increase the efficiency and the flow potential. 

Additional development did not increase the efficiency of the well, and a flow greater than 
0.6 gpm was not sustainable for an extended time. A duplicate test was completed to compare I 
the hydraulic conductivity from the initial test. A slug test was also completed at this well to 
compare to the hydraulic conductivity estimated from the aquifer tests and the slug test 

I 

performed on the same well in 1985. Since the sustainable flow rate could not be increased, it is 
expected that the specific capacity calculated from the first step test (0.009 ft2/min) would not 
change significantly. 

I 

During the second aquifer test, drawdown was approximately 0.25 ft in observation well 
MON-771 and was insignificant in well MON-769 (which is opposite of the response in the first 
test). In the pumping well, there was approximately 18 fi of drawdown, which suggests the I 
development attempt may have actually decreased the well efficiency. Table 4-19 provides 
results from the analyses of data collected during the December 1997 aquifer tests and slug tests. 
Analysis of data collected from the observation well during the aquifer test indicate that the 

I 

hydraulic conductivity ranges from 1.3 to 2.1 Wday; the analysis of data collected during the 
recovery of the pumping well suggested a value of 0.006 Wday. Analysis of the data provided 

i 
inconclusive estimates of the specific yield (i.e., the results indicated values out of the range I 
provided by the literature of 0.02 to 0.3 for unconfined aquifers). 

I 
Analyses of the slug test data indicated that hydraulic conductivity ranged from 0.41 to I 

0.67 Wday. The 1985 data analysis suggested a hydraulic conductivity ranging from 0.34 to 
0.40 Wday for well MON-655. When the observation well data and the slug test data are taken 
into account, the geometric mean becomes 0.93 Wday. ~ 
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PP I I I I I I 
Well 765 1 PUMP I Alluv I 1.15~ 1W2 I 1.84~ 1W2 1 4.27 x 1W2 1 0.683 1 6 . 6 7 ~  1W2 1 1.07 I 1 . 1 0 ~ 1 ~  1 1 . n ~  

PP I I 
Well 777 OBS I Alluv 1 5 . 8 6 ~  10" 1 9.59 0.463 1 7.58 N A NA 0.236 3.77 

I I 

Geometric Mean Summary 

dues in bolditalics indicate that the data did not provide a good fit 
:Well 774 data collected from alluvial well in response to De Chelly pumping 
1 =The aauifer the well is screened in 
'=Well f ~ l l y  penetrating 
= Hydraulic conductivity 
\ = Not applicable 
3S =Observation Well 

= Well partially penetrating 
JMP = Pumping well 
= Transmissivity 



Table 4-19. Summary of Pump Test Analysis 12/97-Alluvial Aquifer Monument Valley Field Investigation Slug Tests I g 

Values in bold italics indicate that the data didnot provide a good fit 
AQ =The aquifer the well is screened in 
INC = Result inconclusive 
K = Hydraulic conductivity 
NA = Not applicable 
OBS =Observation well 
PP = Partially penetrating well 
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The seepage velocity, which represents the rate at which water actually moves through the 
. . aquifer pore spaces, can be calculated using the following formula: . . .. . . 

:;:,, ,,. . , : , : . ; ; 3  , '  - . . 

where v, is the seepage velocity (Wday), K is the hydraulic conductivity (Wday), n, is the 
effective porosity (dimensionless), and dWdl is the horizontal hydraulic gradient (dimensionless). 
If the hydraulic conductivity ranges from 0.41 to 2.1 Wday (excluding the recovery test 
estimate), the seepage velocity for the alluvial aquifer in the vicinity of well MON-655 ranges 
from 0.018 to 0.093 ft/day. This value is based on an estimated effective porosity of the alluvial 
aquifer of 0.25 (DOE 1993b) and average horizontal hydraulic gradient of 0.01 1 
(September 1997 data). 

765 Alluvial Test 

Results of short-term tests indicated that a flow exceeding 1.1 gpm could not be sustained from 
well MON-765 over an extended period of time. As a result, this flow rate was used during the 
first aquifer test (which lasted 60.6 hours) at the MON-765 location. In response to this flow 
rate, only 0.2 ft of drawdown was observed in the observation well (MON-777) located 15 ft 
from the pumping well, which had a drawdown of more than 35 ft. No drawdown was noted in 
the observation well 52.5 ft away (well MON-766). This suggests a very steep cone of 
depression was created during the testing period. 

Results of the analysis of data collected from the aquifer tests completed in September 1997 are 
presented in Table 4-18. Based on the analysis,of data collected from observation well 
MON-777, the hydraulic conductivity ranged from 3.8 to 9.6 Wday. A hydraulic conductivity of 
0.018 ftlday was calculated from the recovery data collected from the pumping well. A specific 
capacity of 0.004 ft2/min was calculated from analysis of thedata collected during the step test. 

Well MON-765 was further developed in an attempt to increase its efficiency and corresponding 
flow rate. This well was installed with 0.01 in. screen slot, which is better suited for the particle 
size in the subsurface material compared to the well MON-655 design. A step test conducted 
after development suggested a flow rate of 3.0 gpm could be sustained for an extended period of 
time. The specific capacity increased to 0.0155 ft2/min after well development. 

The 3 gpm test lasted only 19.9 hours. During that time, a drawdown of approximately 38 ft was 
observed in the pumping well, and approximately 0.2 ft of drawdown was measured in 
observation wells MON-777 and MON-766. Time allowed for another short-term (less than 
24 hours) test, this time using a flow rate of 3.25 gpm. This 20.8-hour test resulted in 
approximately 43 ft of drawdown in the pumping well, and again approximately 0.2 ft of 
drawdown was measured in both observation wells. 
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I 
Table 4-19 shows the results of the analysis of data collected during the December 1997 aquifer I 
tests. Analysis of data from the observation wells during the 3 gprn test resulted in a hydraulic I 

conductivity estimate that ranged from 8.6 to 15.3 Wday; the analysis of data collected during the 
3.25 gprn resulted in a range of 9.9 to 19.1 Wday. Data collected from the pumping well during 

I 

the recovery phase of the 3.25 gprn test suggested a hydraulic conductivity of 0.05 Wday. 

Excluding the hydraulic conductivity estimate generated from data collected during the pumping 
well recovery test, the geometric means for the 3 and 3.25 gprn tests are 10.8 and 14.3 Wday, 
respectively. 

When a hydraulic conductivity range of 8.6 to 19.1 Wday is used, the seepage velocity for the 
alluvial aquifer in the vicinity of well MON-765 ranges from 0.38 to 0.84 Wday. These 
calculations are based on an effective porosity of 0.25 and a horizontal hydraulic gradient of 
0.01 1. When the geometric mean for the 3 gprn test is 10.8 Wday, the associated seepage velocity 
is 0.48 Wday. Over a 30-year period at a seepage velocity of 0.48 Wday, the ground water would 
migrate approximately 5,200 ft. The estimate of a hydraulic conductivity about 10 Wday appears 
to be representative of the alluvial aquifer when compared to the actual nitrate plume movement 
over the past 30 years (approximately 4,600 ft). 

De Chelly Test 

As previously mentioned, hydraulic conditions in the De Chelly aquifer near the site are believed 
to range from confined to semiconfined, depending on the location. Based on the step test 
completed at.wel1 MON419, a pumping rate of 70 gprn could be maintained during a multiday 
aquifer test. Step-test data indicated a specific capacity of 0.79 Wmin. 

During this 90-hour test, approximately 12 ft of drawdown was measured in the pumping well. In 
observation wells MON-776, -774, and -668, approximately 8 ft, 5 ft, and 3 ft of drawdown 
were measured, respectively. The fact that 3 ft of drawdown was measured 1,450 ft from the 
pumping well in another well screened in the De Chelly suggests the aquifer is confined outside 
of the paleochannel. 

Another significant finding during this test was the rapid response to pumping in well MON-774 
(located in the paleochannel and screened in the alluvial aquifer) water levels. This response 
verifies the hydraulic connection between the alluvial aquifer and the underlying De Chelly 
within the boundaries of the paleochannel. 

During analysis of the data from observation well MON-776, a break in the slope of the 
drawdown versus time (log) data suggests the effect of a hydrologic boundary. A similar trend 
was noted in drawdown data from the pumping well and observation well MON-774. This break 
in the slope of the data may represent the time when the cone of depression reached the far 
(western) boundary of the paleochannel. Data from observation well MON-668 showed only a 
slight break in the slope. 

Table 4-20 the hydraulic conductivity values that resulted from analysis of data collected during 
the De Chelly test. Analysis of data collected from the two observation wells resulted in a 
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0 - 
OBS DeC 0.835 2.40 3.74 x We 1.78 5.13 4.24 x 1Ct' 0.699 2.00 !2 

Well 776 
PP . . .- 0 - ,  0 

OBS DeC 0.469 1.35 4 . 2 0 ~  ICt' 0.643 1.85 3.12 x 1 p  0.401 1;15'.' 
Well 668 On . . 

Geometric Mean Summary 

I rr I I I I I I I I I 

Values in bold italics indicate that data did not nrovide a aood fit 

Well 774 

- 
' = Well T14 values dtd not include Tries data 
" = Data did not induoe alluvial (774) resuns 
AQ = The aquifer the well is screened in 

OBS I Alluv I 3.73 

DeC = De ~hel ly  confined system (leaky). goes unwnfined quickly (boundary hii at approx. 100 min.) 
FP = Well fully penetrating 
INC = Result inconclusive 

0.926 

K = Hydraulic conductivity 
NA = Not applicable 
OBS = Observation well 
PP =Well partially penetrating 
PUMP = Pumping well 
Pumping rate = 69.7 gpm 
S = Storativity 

T = Transmissivity 

FP 

Wells 619 and 776 corrected for partial penetration. well approx. 150 ft deep 
Well 774 completed in alluvium, pumping well completed in De Chelly (directly underlying alluvium at this location) 

N A 

I I I I I I 1 I 
0.693 18.1 N A 0.681 17.7 
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hydraulic conductivity ranging from 1.4 to 5.1 Wday. Data collected during the recovery test of 
the pumping well suggested a hydraulic conductivity ranging from 1.2 to 2 Wday. The hydraulic 
conductivity geometric mean for the De Chelly aquifer near well MON-619 is 2.34 Wday. 
Storativity estimates ranged from 3.2 x lo4 to 4.2 x lo4. 

A hydraulic conductivity range of 1.4 to 5.1 Wday, an assumed effective porosity of 0.15 
(DOE 1993b), and a measured horizontal hydraulic gradient of 0.014 results in a seepage 
velocity that ranges from 0.13 to 0.48 Wday. This range is comparable to the range determined 
by the 1985 slug test data (0.002 to 0.3 Wday). 

Analysis of data from the observation well screened in the alluvial aquifer suggested a hydraulic 
conductivity range of the alluvial aquifer from 17.7 to 92.6 Wday. The Theis method provided 
the apparently high estimate of 92.6 Wday. Excluding this value, the range becomes 17.7 to 
18.1 Wday, which is comparable to the range calculated from the well MON-765 alluvial aquifer 
test. 

Summary of the Alluvial Aquifer Tests 

Tests were initially completed on the alluvial aquifer in September 1997. Analysis of the step 
test data resulted in very low well efficiencies for the two pumping wells. After additional 
well development, aquifer tests were re-run in December 1997 at those two locations. 

Based on analysis of data collected during the September1997 tests, the hydraulic 
conductivity near well MON-655 ranged from 0.03 to 0.29 fb'day (geometric mean of 
0.1 Wday). Data collected during the December 1997 tests suggested that the hydraulic 
conductivity ranges from 1.3 to 2.1 fb'day. The range established from the 1985 field 
investigation slug test data was 0.28 to 19 Wday. 

Analyses of the slug test data collected from well MON-655 resulted in a hydraulic 
conductivity that ranged from 0.41 to 0.67 Wday. The 1985 data analyses suggested a 
hydraulic conductivity ranging from 0.34 to 0.40 Wday. Taking into account the slug test 
data with the observation well data, the geometric mean becomes 0.93 Wday. 

In the vicinity of well MON-655, based on a hydraulic conductivity range of 0.41 to 
2.1 Wday, the seepage velocity ranges from 0.018 to 0.93 Wday. 

In the vicinity of well MON-765, the hydraulic conductivity ranged from 0.02 to 9.6 Wday 
(geometric mean of 0.7 Wday) according to the analysis of data collected during the 
September 1997 test. Analysis of data collected during the December 1997 tests suggests a 
range of 8.6 to 19.1 Wday (geometric mean of 12.8 Wday), which translates into a seepage 
velocity range of 0.038 to 0.84 Wday. 

Ground-water monitoring data indicate that the nitrate plume has migrated approximately 
4,600 ft in 30 years, which suggests that a representative hydraulic conductivity in the 
alluvial aquifer ne& the plume is approximately 10 Wday. The geometric mean of the 3 gpm 
test is 10.8 Wday. 
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The specific capacities of wells MON-655 and MON-765 are 0.009 and 0.016 ftz/min, 
respectively. The specific capacity of well MON-655 appears to have been influenced by 
improper well construction (i.e., slot openings too large), which may be responsible for its 
low efficiency. As a result, hydraulic parameter estimates based on data from that test may 
not be representative. 

Summary of the De Chelly Aquifer Tests 

Analysis of data from the well MON-619 test resulted in a hydraulic conductivity range of 
1.4 to 5.1 Wday (geometric mean of 2.34 ftlday). These values are comparable to the 
hydraulic conductivity range determined from the 1985 field investigation (0.018 to 
2.8 Wday). 

In this conductivity range, the seepage velocity ranges from 0.13 to 0.48 Wday for the 
De Chelly aquifer in the vicinity of well MON-619. According to the step test data, the 
specific capacity of well MON-619 is 0.79 ft2/min. 

During the De Chelly test, drawdown was noted in the observation well located in the 
paleochannel and screened in the alluvial aquifer. This response indicates a hydrologic 
connection between the alluvial and De Chelly aquifers in this region of the site. 

The De Chelly aquifer appears to be unconfined to semiconfined in the vicinity of the 
paleochannel and mostly confined in other regions of the site. 

4.7 Plant Ecology Investigation 

Plant ecology plays an important role in surface and ground-water remediation at the Monument 
Valley site. Successful revegetation of the millsite and tailings areas can control soil loss and 
improve the value of the land resource (Munshower 1996). By applying a technique called 
phytoremediation, plants may be used to extract and treat ground-water and soil contaminants 
such as ammonium and nitrate for a fraction of the cost of traditional pump-aud-treat techniques 
(Kim and Ondrey.1996; Kim 1996). Because of high evapotranspiration/precipitation (ETP) 
ratios in desert ecosystems, revegetation can also prevent leaching of soil contaminants and thus 
help contain ground-water contamination sources (Weand and Hauser 1997). By pumping 
nitrate-contaminated ground water for irrigation of revegetation areas, the land application 
alternative (Baumgartner et al. 1996) may accelerate plant establishment, plant productivity, 
evapotranspiration (ET), and nitrogen extraction. Conversely, plants that root into the plume or 
are irrigated with plume water are potential exposure pathways for humans and ecological 
r.eceptors. 

The plant ecology of the former millsite, tailings area, and surrounding areas was characterized 
to address the following issues: 

Human health and ecological risks associated with site-related contaminated ground water. 

Soil water balance effects on recharge and discharge components of the hydrological system. 
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Feasibility of the phytoremediation alternative. ...,, .... . . . 

Feasibility of the land application alternative for ground-water remediation 

The plant ecology investigation consisted of 

A plant species survey. 

Estimates of the percent cover and age structure of phreatophyte populations. 

Evaluations of the composition, relative abundance, and distribution of plant associations. 

Vegetation mapping. 

4.7.1 Plant Species Suwey 

The former millsite, tailings area, pond area, and the area delineated by the extent of the nitrate 
and sulfate plumes (Section 5.3) were traversed on June 24, 1997, to identify plant species. The 
results of the plant species survey (Table 4-21) became the foundation for the plant ecology 
investigation; all succeeding ecological characterization and applications build on interpretations 
of the species composition and associations. The occurrence and relative abundance of certain 
plant species provide a measure of the health of the ecosystem. Knowing the species and their 
physiological and ecological tolerances provides evidence of environmental conditions that are 
of importance for understanding the site hydrology, potential human health and ecological risks, 
and the feasibility of phytoremediation and land application alternatives. 

4.7.2 Phreatophyte Cover and Age Structure 

Phreatophytes (literally "well plants") at the Monument Valley site may act as natural 
pump-and-treat systems for ground-water nitrates. Two phreatophyte populations grow over 
the plume area: black greasewood and founving saltbush. Black greasewood (Sarcobatus 
vermiculatus) is an obligate phreatophyte; it requires a permanent ground-water supply. Black 
greasewood can transpire water from aquifers as deep as 18 m below the land surface 
(Nichols 1993). Founving saltbush (Atriplex canescens) is a facultative phreatophyte; it takes 
advantage of ground water when present but can tolerate periods of low water availability. The 
rooting depth~of fourwing saltbush may exceed 8 m ( ~ o x x  et al. 1984). This section describes 
methods and results of sampling to determine the percent cover and age of black greasewood 
populations potentially growing into the nitrate plume. Cover estimates for founving saltbush are 
presented in Section 4.7.3. 
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Table 4-21. Plants Growing on the Reclaimed Tailings and Plume Areas at the Monument Valley Site 

(19871 , . - - . , . 
bAcronyms combine the first two letters of the genus and species names. 
'English and Spanish common names are from a variety of sources (Mayes and Lacy 1989; Dodge 1985; Eimore and Janish 1976; 
Dunmire and Tierney 1995: and Whitson 1992). 
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4.7.2.1 Black Greasewood Cover 

A line intcrccpt method (Bonham 1989) and high-resolution aerial photography wcre used to 
estimate black greasewood cover. Ficld measurement methods were abandoncd because of 
widespread injury and mortality in thc black grcasewood population, apparently as a 
consequence of herbicide spraying during surface remediation of the sitc. The potential 
greasewood cover as represented in a February 1995 photograph, and not the current condition, 
was needed for water balance and phytoremediation evaluations. 

Line transects equivalent to 30 m long were located on the photograph using a baseline and 
transect sampling scheme. A baseline equivalent to 177 m long was placed along a road 
northwest to southeast through the center of the greasewood population. Starting points were 
randomly selected for transects extending both north and south of the baseline. Random numbers 
were also used to select starting points along each transect for the 30-m intercept lines and to 
select an azimuth for the direction of each line. The distance d of greasewood canopy intercepted 
by a randomly placed 30-m line was measured and percent cover for that line was estimated 
(Bohnam 1989): 

Percent Cover = - xd x 100 
30m 

High-precision measurement of intercept distances on the photograph was achieved using a 
sliding table.assembly with a lead-screw motion and a binocular microscope with 10-to-70 power 
zoom and a cross-hair eyepiece. The photograph was attached to the sliding table assembly. The 
assembly was connected to a digital position readout with a glass linear encoder. The lead screw 
moves the 10 by 30 centimeter sliding table 1.0 centimeter per 10 revolutions. The encoder 
transducer provided a digital output of the sliding table position at a resolution of 0.001 mm. 
Such high resolution encoders are typically used for machining tools. The digital position 
readout has an LED display that changes instantaneously to indicate the exact position of the 
encoder. 

Five transects on the north side of the baseline and three on the south side fell within the 
boundaries of the greasewood population (Table 4-22). A total of n = 29 lines extending from 
these eight transects fell within the population boundaries. The mean percent canopy cover for 
the greasewood stand was 37.1 with a standard error of 2.8 (Table 4-22). Because the 1995 
photograph was taken before the population was sprayed with herbicides, these values are 
considered to be reasonable estimates of the potential cover of black greasewood for purposes of 
evaluating the site water balance and the phytoremediation alternative. 
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4.7.2.2 Black Greasewood Age Structure , I 

I 

Black greasewood is considered to be a good candidate for phytoremediation of ground-water 
nitrates at the Monument Valley site. However, because the greasewood has been decimated by 
herbicide spraying and heavy grazing, the population will have to be restored in the plume area 
to achieve acceptable nitrate uptake rates. Therefore, the feasibility of the pl~ytoremediation 
alternative is dependent on rapid establishment and growth of greasewood transplants in 
overgrazed and denuded areas overlying the plume. A few volunteer greasewood plants have 
established in the tailings area. The age and size of these volunteer plants were evaluated as an 
indication of growth rates. 

Three black greasewood plants and two founving saltbush plants that volunteered in the tailings 
subpile soils were sampled (Table 423) .  For all five plants, plant height, the long diameter of 
the canopy, and the short diameter of the canopy were measured. Cross sections of the primary 
stem of each plant were cut and prepared for analysis using the methods of Fritts and Swetnam 
(1989). Stem sections cut at an oblique angle in the field were recut at a transverse angle. 
Specimens were polished with a power sander using sequentially finer grades of sandpaper until 
vascular cells were discernible under magnification. Entire cross sections were examined for 
locally absent and double rings and then the rings were counted. 

Once greasewood plants become established in disturbed areas, reproduction occurs primarily as 
sprouting from underground stems that spread laterally from mature plants. This cloning of nurse 
plants was observed in the subpile soil area. The density of new greasewood plants (Table 4-23), 
mostly likely clones, were counted within a 6-m radius of the three larger nurse plants. 

4.7.3 Plant Associations and Vegetation Mapping 

A plant association is a unit of classification that defines a particular type of plant community. 
An association generally has a consistent floristic composition, a uniform appearance, and a 
distribution that reflects a certain mix of environmental factors that can be shown to be different 
from other associations. Classifying and mapping plant associations helped to delineate land 
management units at the Monument Valley site with respect to (1) ecological condition; 
(2) potential for applying the phytoremediation alternative; (3) revegetation potential; 
(4) irrigation suitability; and (5) likely vegetation response to irrigation with plume water. 

The association is a synthesis of local examples of vegetation called stands. For the purpose of 
defining plant associations at the Monument Valley site, a modified relev6 method was used to 
characterize stands, and then stands were grouped into associations using simple ordination and 
gradient analysis techniques (e.g., Barbour et al. 1987). 
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Table 4-23. Canopy Measurements and Annual Growth Rings ofBlack Greasewood 
and Founving Saltbush 

'Plant numbers include the genuslspecies acronyms given in Table 4-21. 
bCanopy volume was calculated as the area of an eliipse--pi x (long diameter12) x (short diameterl2)-multiplied by piant 
height. This overestimate of the volume suffices for comparative purposes. 
'Seedlings within a 6-m radius of nurse plants were assumed to be clones. 

m2 = square meters. 
NA = Not applicable. 

4.7.3.1 Relev6 Sampling and Results 

The sampling unit, or stand, was defined as an area of approximately 1 hectare (2.5 acres). Most 
sampling units were well locations within in the plume area (Table 4-24). Several well locations 
were subjectively selected for sampling because, as a group, they appeared to represent the range 
of vegetation types in the area. This semiquantitative sampling method consisted of walking 
through the stand and compiling a list of all plant species present, then walking through the stand 
again and assigning species to cover classes. Percent cover was not measured precisely. A 
species was placed in one of six cover classes: less than 1 percent, 1 to 5 percent, 5 to 25 percent, 
25 to 50 percent, 50 to 75 percent, and 75 to 100 percent. 

Table 4-24. Locations for Relev6 Sampling of Plant Stands at Monument Valley 
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Relev6 data were first organized in a primary data table; stands and species were listed in the 
order in which they were observed and sampled. A second, differentiated table was generated 
(Table 4-25) where species were grouped according to growth form (shrubs, forbs, and grasses), 
and stands were grouped with similar species composition and species abundance. Rows 
(species) were shifted and columns (stands) were also shifted until groupings of characteristic 
species emerged. Sarcobatus vermiculatus (black greasewood), Atriplex canescens (fourwing 
saltbush), HaplopappusplurzjZorus (jimmyweed), and Poliomintha inicana @ush mint) were 
considered to be characteristic species for defining associations because they dominate some 
stands but are nonexistent in others. Some species occurred rarely in only one or two stands 
(e.g., Chrysothamnus nauseosus [rabbitbrush]), and others occurred so often (e.g., Sporabolus 
cryptandrus [sand dropseed]) as to be of little value in differentiating stands. 

4.7.3.2 Indirect Gradient Analysis Results 

No clear breaks between groups of stands were apparent in the differentiated table that could be 
used to define associations (Table 4-25). In contrast, the ordering of stands suggests that the 
importance of species varies along a continuum. The continuum view of plant associations holds 
that changes in the abundance of species from stand to stand reflect the physiological tolerance of 
species to changes in environmental gradients. A simple indirect gradient analysis technique was 
used to help identify possible environmental drivers, or trigger factors, that may be of overriding 
importance in controlling spatial distributions of plant associations. 

In Figure 4-15 the importance (measured as percent cover) of the most abundant species is 
plotted by stand in the same order as in Table 4-25; A subset of stands from Table 4-25 that- 
appeared to best capture changes in species abundance was subjectively selected for inclusion in 
Figure 4-15. Most of the cover data are based on the relev6 results. The only exception is that 
line intercept results were used for cover of black greasewood at stand 606E. Some artistic 
license was used to draw the species abundance curves from discrete cover data. 

An analysis of Figure 4-15 leads to the following inferences: 

The indirect gradient analysis supports the view that associations of species vary across the 
Monument Valley site as a continuum rather than as discrete units. 

A small subset of species dominate the continuum. 

The abundance curves suggest that some dominant species are associated-have similar 
distributions-in Monument Valley plant communities. 

Segments of the continuum represented by peaks in associated species can be used to 
delineate plant associations for the purpose of mapping vegetation units. 
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606E 656 766E 766W 664 695 655 MSNE 662 

Stand Number I 

Figure 4-15. Indirect Gradient Analysis of Monument Valley Plume Vegetation 

4.7.3.3 Vegetation Mapping Results 

The relev6 results and inferences from the indirect gradient analysis provided a means for 
delineating plant associations that were used as vegetation mapping units (Table 4-26). Mapping 
unit names contain the two most dominant species in the plant association. Associations 
ove r l apa  given stand may occur in more than one association-because there are no discrete 
boundaries between associations. Russian thistle and bur ragweed occur in all associations. Over 
much of the site, the presence of these species is indicative of a history of overgrazing. Highly 
disturbed areas that were regraded during surface remediation activities and are dominated by 
Russian thistle and bur ragweed were placed in a separate mapping unit. Remediated areas that 
remain denuded were also placed in a separate mapping unit. 

Production of the vegetation map (Figure 4-16) involved 

(1) Mapping stand (well) locations on a 1995 aerial photograph. I 
I 

(2) Identifying vegetation patterns in the photograph, under magnification, that were consistent 
with the plant associations (Table 4-26). 

(3) Outlining mapping unit boundaries using a combination of stand locations and vegetation 
patterns. 

(4) Returning to the field to check the reliability of the photograph interpretation. I 
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Plant Stand Sampling Locations 
Alluvial Monitor Well 

Vegetation Mapping Units 

a Bare (no vegetation) 
........ ~,""'.."..*" ~* ."" .-... ".-",.w"..".-""." ",.".- 

Figure 4-16. Piant Associations in the Millsite 
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Table 4-26. Plant Associations Used as Mapping Units for Monument Valley Site Vegetation 

I Map Unit I Plant Association I Dominant Species 

11 POIN1 EPTO I Bush mint I Joint fir I Poliomintha inicana / Ephedm 1 664, 695NE, 694 11 

Stands 
- 

SAVE1 ATCOe 

ATCAI HAPL 

Bare I Denuded I NA I NA 
'The SAVElATCO unlt enclosed two d~stlnclly a.Weient vegetation patterns wnen examlnea on the aertal photograph ana tnus was 
split. The two new unlls olner wlth respect to tne slze and abundance of Sarcobalus vermlculalus ana not tne specles composll on 
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At the conclusion of the site investigation fieldwork, physical coordinates and elevations for each 
new monitor well, Hydropunch location, surface infiltration test location, and hand-auger soil 
and water sample location were determined by a registered land surveyor. The survey team 
followed standard contractor survey practices and procedures. 

606E, 656,676,681 

656,676,678,766E, 684, DR, 
766W. 664.695NE 

4.9 Ground-Water Sampling and Analysis 

torreyana 

Salsola iberica /Ambrosia 
acanthacarpa 

Each new monitor well was allowed to sit undisturbed for at least 40 hours after final completion 

655,663W. MSNE, 662 

before it was developed. Development was performed according to the Work Plan for 
Characterization Activities at the UMTRA Monument Valley Project Site (DOE 1997~). After the 
wells were properly developed, ground-water samples were collected from the new monitor well 
network and selected existing wells and submitted.to the Grand Junction Office (GJO) Analytical 
Laboratory for analyses. 

4.9.1 Ground-Water Sampling Procedures 

Ground-water sampling was performed in accordance with the Addendum to the Sarnpling and 
Analysis Plan for the UMTRA Ground Water Project (DOE 1996a) and the Environmental 
Procedures Catalog (GJO 1998). The following specific procedures from the Environtnental 
Procedures Catalog (GJO 1998) were used for ground-water sampling: 

GN-8(P), "Standard Practice for Sample Labeling." 

GN-9(P), '.'Standard Practice for Chain-of-Sample-Custody and Physical Security of 
Samples." 

GN-13(P), "Standard Practice for Equipment Decontamination." 
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L+3(P), "Standard Practice for Purging Monitor wells." I 
LQ-1 l(P), "Standard Practice for Sampling Liquids." I 

LQl2(P), "Standard Practice for the Collection, Filtration, and Preservation of Liquid 
Samples." 

Le2(T) ,  "Standard Test Method for the Measurement of Water Levels in Ground-Water 
Monitor Wells." 

I 

LQ4(T), "Standard Test Method for the Field Measurement of pH." 
~ 

LQ-5(T), "Standard Test Method for the Field Measurement of Specific Conductance." 

LQ%(T), "Standard Test Method for the Field Measurement of the Oxidation-Reduction 
Potential (Eh)." ~ 
LQ-7(T), "Standard Test Method for the Field Measurement of Alkalinity ." I 

! 

LQ-8(T), "Standard Test Method for the Field Measurement of Temperature." 
I 

LQ-9(T), "Standard Test Method for the Field Measurement of Dissolved Oxygen.'? 

LQ-lO(T), "Standard Test Method for Turbidity in Water." I 
i 

4.9.2 GJO Analytical Laboratory Sample Analysis Results I 
I 

A minimum of 10 percent of the samples collected and analyzed were field quality-control 
samples. Field quality-control samples included equipment blanks, trip blanks, check samples, 
and duplicates. These samples were submitted for the same analyses as the other field samples. I 
Analyses of ground-water samples submitted to the GJO Analytical Laboratory were also 
checked for accuracy through internal laboratory quality-control checks, such as blind duplicates, 

I 
splits, and known standards as specified in relevant EPA guidelines or the contractor's Handbook I 
of Analytical and Sample-Preparation Procedures Volutnes I,  II, and III (Rust Geotech, 
undated). 

I 
I 

Final analytical results were entered into the SEE-UMTRA database and an independent data 
validation assessment was performed (DOE 1997a). Results of the analyses are presented in 
Appendix C. I 
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5.0 Site Conceptual Model 

This section presents an interpretation of the site characterization data collected in 1997, 
correlates the data to previous information, and provides the most current understanding of the 
extent and magnitude of contamination, exposure pathways, and risk to public health and the 
environment. These data are integrated into the following site conceptual model to support the 
proposed ground-water compliance strategy and remediation objectives. 

5.1 Geology 

5.1.1 Regional Setting 

The Monument Valley site is in Cane Valley, which is in the eastern part of the larger feature 
known as Monument Valley that straddles the Monument Upwarp in northeastern Arizona and 
southeastern Utah. The regional setting of the site is shown in Figure 5-1. Comb Ridge, about 
1.5 miles (2.5 kilometers [km]) east of the site, flanks the east side of Cane Valley and is the 
expression of Comb Monocline where rocks of Triassic and Jurassic age dip 10 to 20 degrees 
eastward off the Monument Upwarp. Cane Valley, drained by the north-flowing Cane Valley 
Wash, is floored by unconsolidated material of Quaternary age that consists of dune sand, 
alluvial material (sand and gravel), and fine-grained sediments that are probably lake-bed 
deposits (clay or sandy clay). Resistant, gray to tan sandstone that dips eastward at about 4 to 
6 degrees flanks the west side of Cane Valley. Several canyons have been incised through the 
sandstone exposing older reddish siltstones and sandstones of Triassic and Permian age. 

Cane Valley is at an elevation of about 4,800 ft (1,500 m) in the area of the site. To the east, 
Comb Ridge rises abruptly to an elevation of about 5,600 fi (1,700 m). The slopes that gradually 
rise to the west to elevations of about 5,400 fi (1,650 m) are, from north to south, Yazzie Mesa, 
Main Ridge, and South Ridge (Figure 5-1). 

5.1.2 Stratigraphy 

Rocks of Permian to Jurassic age crop out on and within 2 miles (3 km) of the Monument Valley 
site. Below the unconsolidated Quaternary deposits, the principal bedrock formations affecting 
the site ground water are, from oldest to youngest: Permian Cutler Formation, Triassic Moenkopi 
Formation, and Triassic Chinle Formation. These formations, with several of their members, are 
shown in the schematic stratigraphic section for the site in Figure 5-2. The same formations and 
several overlying formations exposed in Comb Ridge are shown in Figure 5-3, which is a 
west-to-east cross section through the site region. 

Characteristics of the principal rock units, from oldest to youngest, that are exposed or penetrated 
by boreholes at the site are described below. Following the description of rock units is a 
description of unconsolidated Quaternary material that covers much of the site and fills Cane 
Valley. A detailed geologic map of the site and immediately surrounding area that was 
investigated in this characterization is shown in Plate 1. Four geologic cross sections (Plate 2) of 
the site area show stratigraphic relations from west to east across the west part of Cane Valley in 
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~rofiles from north (A to A') to south @ to D'). Lithologic description of the bedrock and 
Quaternary material penetrated by the boreholes drilled for monitor wells and Hydropunch 
sampling are presented in Appendix A. Included in the borehole lithologic descriptions in 
Appendix A are descriptions of lithology from the eight boreholes (608B, 610 through 614,775, 
and 776) that were cored. 

5.1.2.1 De Chelly Sandstone Member of Cutler Formation 

The De Chelly Sandstone Member is about 500 ft (150 m) thick and is the uppermost member of 
the Cutler Formation. The De Chelly is underlain by the low-permeability siltstones of the Organ 
Rock Tongue. Sandstone of the De Chelly is light reddish brown (5YR 6/4), fine-grained, 
quartzose, and poorly sorted. Grains range in diameter from 0.06 to 0.50 mm and are subrounded 
to round, with a few larger grains that are angular because of authigenic quartz overgrowths 
(Witkind and Thaden 1963). Most of the grains are colorless quartz with a thin iron oxide film 
coating each grain imparting the reddish color. Small amounts of microcline, plagioclase 
feldspar, chalcedony, muscovite, biotite, and zircon are scattered at random throughout the , 
sandstone. The sandstone is friable and weakly cemented by chalcedony, calcium carbonate, and 
iron oxide. Massive trough crossbedding is characteristic of this eolian sandstone. Crossbed 
orientation shows little variation and the strike and dip typically is N70°E and 25"SE, 
respectively. 

A prominent and distinct disconformity with almost no relief marks the top of the De Chelly 
Sandstone. Above the disconformity is the dark red sandstone and siltstone of the Hoskinnini 
Member of the Moenkopi Formation. The disconformity is widespread and readily identified in 
core from deep holes (boreholes 608B, 61 1,612,613,775, and 776) in the site area and in 
outcrops in canyons west of the site. 

5.1.2.2 Hoskinnini Member of Moenkopi Formation 

The Hoskinnini Member is only about 10 to 15 ft (3 m) thick in the site area and is the lower 
member of the Moenkopi Formation (Figure 5-2). Originally named as an uppermost member of 
the Cutler Formation, the Hoskinnini Member was reassigned as the basal member of the 
Moenkopi Formation by Stewart (1959). The ~ o s k i n n i n i ~ e m b e r  sediments are generally 
coarser grained than the overlying main body of the Moenkopi Formation. The top of the 
Hoskimini Member was placed at the top of a tan to gray-green, medium-grained sandstone bed 
about 1.5 ft (45 centimeters [cm]) thick that is overlain by about 11.5 ft (3.5 m) of reddish-brown 
siltstone and very fine-grained sandstone. Core from borehole 776 penetrated a 12- to 1 3 4  
thickness of the Hoskinnini Member. 

Basal Hoskimini strata are considered to be a reworked zone composed partly of the underlying 
De Chelly sediments (Witkind and Thaden 1963). The bottom 2 to 5 ft (0.6 to 1.5 m) of 
Hoskimini Member consists of a medium- to coarse-grained, massive- to even-bedded sandstone 
of light reddish brown (2.5YR 614) to reddish brown (5YR 413) in color that is mottled in places. 
Sand grains consist of quartz, chert, and plagioclase feldspar that are stained with a light coating 
of iron oxide and cemented mainly by white calcium carbonate. Grains range from subangular to 
subrounded with the coarser grains being more angular. The basal mottled sandstone grades 
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Modified from the USGS 15' Dennehotso, Arizona, topographic map, 1952 ed. 
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Figure 5-1. Regional Setting of Monument Valley, Arizona, Site 
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upward into a fine- to medium-grained sandstone 1 to 2 ft (0.3 to 0.6 m) thick that contains tan 
whorls as evidence of continued mixing and reworking. Above this zone of mixing, one or more 
thin, medium-grained, tan sandstone beds separated by thin red siltstone may be present. The top 
of the Hoskinnini Member was placed at the top of the highest tan sandstone bed. The thin 
Hoskinnini Member in the site area is near the eastern edge of occurrence of the member, which 
was laid down in a generally quiet tidal flat environment (Witkind and Thaden 1963). The 
distinctive mixing and reworked zone on the lower Hoskinnini occurs in core from borehole 
MON-775, which was drilled through Quaternary material into the immediately underlying 
bedrock consisting of 7 to 8 ft (2.1 to 2.5 m) of the lower part of the Hoskinnini Member. 

5.1.2.3 Moenkopi Formation (Main or Upper Member) 

The main part of the Moenkopi Formation conformably overlies the Hoskinnini Member and is 
about 40 to 45 ft  (12 to 14 m) thick in the site area. Gray (1961) informally divided the main part 
of the Moenkopi Formation into three members: a lower siltstone, a middle sandstone, and an 
upper siltstone. This informal subdivision describes the Moenkopi Formation exposed southwest 
of the site along the south side of Main Ridge (Plate 1). In those outcrops, the lower siltstone 
member is about 11.5 ft (3.5 m) thick and consists of even-bedded reddish brown siltstone and 
very fine-grained sandstone. Cores from this interval (from site boreholes 608B, 610 through 
614, and 776) are similar and consist of dark brown (7.5YR 414) to dark reddish brown (5YR 
312) interbedded siltstones and sandstones. Distinctive features present in outcrop that indicate 
deposition in a nearshore mud flat environment include ripple marks, raindrop pits, and mud 
cracks. 

A fine- to medium-grained, reddish-tan, fluvial sandstone bed about 2 ft  (0.6 m) thick overlies 
the lower siltstone member. This ledge-forming sandstone is laterally continuous and probably 
correlates to the middle sandstone member as described by Gray (1961). Sand grains are 
subangular to angular, coated with a film of brown iron oxide, composed mainly of colorless 
quartz, cemented by calcium carbonate, and range in diameter from 0.1 to 0.3 mm (Witkind and 
Thaden 1963). 

Approximately 29 ft (9 m) of even-bedded siltstone, very fine-grained sandstone, and silty shale 
beds constitute the upper siltstone member, which is similar in composition to the lower siltstone 
member. The thin, even-bedded character of this unit give a shaly appearance to this member. 
Present everywhere in the uppermost Moenkopi is a bleached zone 3 to 7 ft  (1 to 2 m) thick 
immediately below the disconformity at the base of the Shinarump Member of the Chinle 
Formation. In both outcrop and in core from the site, the bleached zone varies in color from gray 
(5Y 611) to light gray (5Y 711). The bleaching was a result of humic acid, a reductant present in 
the ground water during or soon after the deposition of the Shinarump Member. 

5.1.2.4 Shinarump Member of Chinle Formation 

The basal member of the Chinle Formation, the Shinarump, is composed of a heterogeneous 
combination of mainly light gray (10YR 7/2), firmly cemented, crossbedded, conglomerate and 
sandstone and minor mudstone beds. These sediments were deposited in a series of meandering 
channels that trended to the northwest. In the site area, the resistant member is 50 to 90 ft  (15 to 
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28 m) thick and forms an irregular, hummocky slope that dips eastward at approximately 4 to 
6 deerees where it is exvosed in the western vart of the site. In the subsurface, in the central and - 
eastern parts of the site, the eastward dip of the Shinarump becomes shallower at only 2 to 
3 degrees. The Shinarump grades upward into alternating sandstone and claystone beds of the 
Monitor Butte Member. 

Conglomerate generally defines the scoured base of the member and is composed of mostly 
rounded pebbles of less than 2 in. (5 cm) in diameter. Average pebble size is 1/4 to 1 in. (2 to 
2.5 cm). Pebbles are predominantly quartz with smaller amounts of quartzite and chert. Color of 
pebbles may be white, red, black, green, and yellow. Brown, silicified wood fragments several 
inches long are common; some parts of original tree trunks as large as 2 ft  (0.6 m) in diameter 
and 5 ft (1.5 m) long are present. Conglomerate grades into medium- and coarse-grained 
sandstone, which forms the majority of the member. Fine-grained sandstone beds are rare, and a 
few lenses of gray-green mudstone up to 2 ft (0.6 m) thick are present throughout the Shinarump 
Member. 

The basal fluvial channels of the Shinarump have contained important vanadium and uranium 
deposits in the Colorado Plateau area. This depositional environment hosted vanadium and 
uranium mineralization at the Monument No. 2 Mine just west of the site. The Shinarump at 
Monument No. 2 Mine is much thicker than normal for the area owing to scouring of the basal 
channel completely through the underlying Moenkopi Formation and into the top of the 
De Chelly Sandstone Member (Witkind and Thaden 1963). 

Intensive exploration for similar thick areas in the Shinanunp that denoted possible mineralized 
channels was conducted in the 1950s and 1960s north and south of the processing site in Cane 
Valley and along its west flank. One such area of intensive exploratory drilling occurred in the 
site area and apparently found a west-northwest trending mineralized channel. This exploration 
effort reportedly consisted of 81 boreholes in which a total of approximately 19,600 ft  (6,000 m) 
was drilled (unpublished uranium exploration map of Oljeto-Monument Valley area). The 
narrow channel is about 1,000 ft  (300 m) long and is about 500 ft  (150 m) north of the frog pond 
area. Surface evidence of the intensive drilling that defined this channel is no longer apparent; 
however, the drilling likely occurred in an area several thousand feet across in the vicinity of the 
frog ponds. Depths of boreholes exploring for the basal ~ h h a r u m ~  in this area were at least 
200 ft  (60 m) and could have been as much as 300 ft (90 m) in places where thick Shinarump 
channel(s) are located. It is likely that some of these boreholes were deep enough to have 
penetrated the upper part of the De Chelly Sandstone, particularly in the area of the Shinarump 
channel where scouring greatly reduced the thickness of the Moenkopi Formation. 

The thickest Shinarump in the site area found during monitor well drilling was in well MON-664 
where the member is approximately 90 ft (28 m) thick. In this borehole, the underlying 
Moenkopi Formation, which is typically about 50 ft (15 m) thick in this area, is only about 20 ft 
(6 m) thick. This indicates that a basal channel of the Shinarump has cut down about 30 ft  (9 m) 
into the Moenkopi Formation. 
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5.1.2.5 Monitor Butte Member of Chinle Formation 

The Monitor Butte Member is composed mainly of sandstone, which is fluvial, crossbedded, 
medium- to coarse-grained, and occurs in dark gray lenses. The thickness of the member is about 
100 ft  (30 m); however, it is not exposed at the site because it is covered by Quaternary alluvial 
and eolian material on the floor of Cane Valley. 

Bedrock at total depth of monitor well MON-650 at the north end of the site may possibly be in 
the lower part of the Monitor Butte Member. Two other wells (MON-660 and MON-664) 
possibly may have penetrated the Monitor Butte Member; however, it is uncertain because 
lithologic information for these wells is scant and vague. One other well that could'have 
penetrated the lowermost part of the Monitor Butte is well MON-625; however, the total depth 
nfthis hole is uncertain and borehole lithologic information is nonexistent. The uncertain - 

location of the subcrop contact of the Shinanunp Member and overlying Monitor Butte Member 
of the Chinle Formation is shown in Plate 1. This contact is inferred from the eastward dip (4 to 
6 degrees) of the top of the Shinanunp Member bedrock surface and the thickness of ~uaternary 
material present in Cane Valley. 

5.1.2.6 Petrified Forest Member of Chinle Formation 

Variegated claystone and siltstone compose the bulk of the Petrified Forest Member, which is 
500 to 700 ft  (150 to 220 m) thick-more than half of the thickness of the Chinle Formation. 
Minor sandstone and mud-pebble conglomerate beds also are present in the member. The 
Petrified Forest Member also is not exposed at the site, but it subcrops in the east part of the site 
in the center of Cane Valley beneath Quaternary material. 

Soft red sandstone bedrock at total depth of monitor well MON-652 just east of Cane Valley 
Wash in the northeast part of the site is in the lower part of the Petrified Forest Member. This 
well, shown in cross section A to A' (Plate 2), is the only one at the site that penetrates the 
Petrified Forest Member. The uncertain location of the subcrop contact of the Monitor Butte and 
Petrified Forest Members of the Chinle Formation is shown in Plate 1. This subcrop contact is 
inferred from the assumed eastward dip (2 to 6 degrees) and thickness (about 100 ft [30 m]) of 
the Monitor Butte Member. 

The two members of the Chinle Formation overlying the Petrified Forest Member (in ascending 
order), Owl Rock and Church Rock Members, crop out east of the site on the east side of Cane 
Valley along the west-facing slope of Comb Ridge. These members and the overlying sandstones 
in the Wingate Sandstone, Kayenta Formation, and Navajo Sandstone that form Comb Ridge 
(Figure 5-3) are east and up-section from the site and do not affect site ground water. 

5.1.2.7 Quaternary Material 

Thick, unconsolidated Quaternary material consisting of alluvial (sand and minor gravel), eolian 
(fine- and very fine-grained sarid), and minor lacustrine (sandy clay) deposits fill Cane Valley in 
the site area. Thickness of the Quaternary material in the site area is typically as much as 90 ft 
(28 m), as determined by borehole and geophysical data and shown on Plate 2 in cross sections 
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A to A' and B to B' (both perpendicular to the strike of Cane Valley). The Quaternary thickness 
exceeds 100 ft (30 m) in several places: 102 ft (3 1 m) at well MON-650 at the north end of the 
site, and 120 and 122 ft (37 and 38 m) at wells MON-657 and MON-775, respectively, in a deep 
paleovalley in the southwest part of the site. This paleovalley, cut through the Shinarurnp 
Member and into the Moenkopi Formation, shown on Plate 2 in cross sections C to C' and D to 
D', appears to contain the thickest Quaternary deposits (possibly up to 130 f t  [40 m]) in the site 
area. Except for the small area of the paleovalley that contains the thickest Quaternary material at 
the site, the axis of thickest Quaternary deposits in Cane Valley trends north-northeast and is 
about 2,000 ft (620 m) west of Cane Valley Wash. 

The extent of Quaternary deposits is shown in the geologic map on Plate 1. Active and partly 
stabilized sand dunes that are as much as 15 ft (5 m) high cover much of the valley immediately . , -  

north-northeast of the processing site. This area and other smaller areas of sand dunes are 
mapped separately. 

The character apd variability of the Quaternary material was determined by description of split 
barrel samples and auger cuttings from the' boreholes drilled during the summer of 1997 and 
from lithologic descriptions of previous drilling includedin the SOWP, Rev. 0 (DOE 1996d). 
Most commonly, the material is well sorted, fine- to very fine-grained, quartzose sand that was 
deposited by eolian processes. Color ranges from light tan to reddish brown, and typically is 
yellowish red (5YR 516) to reddish yellow (5YR 6/6). Descriptions of the material, generalized 
from the borehole lithologic logs in Appendix A, are shown on Plate 2 in the four cross sections 
(A to A' through D to D'). 

Less common constituents of the Quaternary material are coarse sand with pebbles, gravelly 
sand, coarse sandy gravel, clayey sand, clayey silt, and sandy clay. The coarser sand and gravelly 
material was deposited by fluvial processes in minor stream channels and in alluvial fans that 
occasionally spread into Cane Valley. Pebbles as large as 1 in. (2.5 cm) long occur in these 
fluvial deposits. At the base of the Quaternary material, coarse deposits up to several feet thick 
that contain fragments of underlying bedrock often occur. The narrow, upper end of the deep 
paleovalley contains the coarsest Quaternary material (well MON-657, Appendix A) found 
during drilling at the site. Elsewhere, the coarser material where it occurred above the base of the 
Quaternary is rare, only several inches thick, and its sporadic occurrence indicates that the thin 
layers are discontinuous. 

The finer material consisting of sand and silt with varying amounts of clay was deposited in 
ponded water environments, such as that of a shallow lake and an abandoned stream channel. 
Occurrence of the clayey material (usually indicated by stickiness in samples) is sporadic and in 
thin layers (several inches to no more than several feet thick) scattered throughout the thickness 
of the Quaternary material. Clayey sand and silt usually has some gray or green coloration, but is 
typically light brownish gray, greenish olive, or pinkish gray. Distribution of the clayey layers 
coincides with the north-northeast trending wide band of thickest Quaternary deposits; boreholes 
along the east and west flanks of the valley, generally where the Quaternary thickness is less than 
50 ft (15 m), did not pass through clayey layers. Clay layers penetrated by several boreholes are 
shown on Plate 2 in cross sections A to A' and B to B'. No thick, extensive layer of clay was 
found. Instead, thin clayey layers at various depths (most commonly from 40 to 60 ft [12 to 
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19 m]) were found that extend (can be conelated) for distances of hundreds of feet, but not on the 
order of thousands of feet. 

In the vicinity of the fenced garden plot area just north of water supply well MON-625, a light 
gray clayey layer is present at a depth of less than 10 ft (3 m) in well MON-688 and hand auger 
hole 854. In the same area, at wells MON-686 and MONA05 (Plate 1) greenish-white water was 
noted in association with a gray clayey sand layer at a depth of about 31 ft (9.5 m). In this area 
and in others around the site where one or more clayey layers are present, the clay layers may 
locally perch ground water and may channel ground-water movement between clay layers. 

Quaternary material in large areas along the floor of Cane Valley adjacent to Cane Valley Wash 
are covered by a thin white crust. This crust is composed of gypsum (hydrous calcium sulfate) or 
gypsite (an earthy variety of gypsum containing sand and silt) that forms as an efflorescent 
deposit by evaporation of the shallow (within a few feet of the surface) ground water in this area 
and deposition (crystallization) of its contained salts. 

Calcification (formation of hardpan composed mainly of calcium carbonate) has occurred in 
places just below the surface of the Quaternary material. One place in the site where this hardpan 
is exposed is along the east bank of the main tributary to Cane Valley Wash about 500 ft (150 m) 
north of well MON-654 (Plate 1). Here, the hardpan is white, well indurated, and about 3 ft 
(1 m) thick. 

5.1.3 Structure 

Bedrock units in the site area strike north to north-northwest, and their eastward dip varies from 
2 to 6 degrees. The variation in angle of dip across the site area was determined by (1) field 
mapping and surveying the elevation of the basal contact of the Shinarump Member and 

I I 
(2) plotting the elevation of the basal Shinarump Member contact from deep boreholes. 
Contouring of these elevations results in a structure map of the base of the Shinarump Member. I 

This map shows that the dip of bedrock in the west part of the site (generally west of the former I 

new tailings pile) is 4 to 6 degrees and the dip becomes less steep (2 to 3 degrees) in the east part 
of the site. This relationship is shown on Plate 2 in the cross sections A to A' through D to D'. I 

1 

A pervasive primary joint system is well exposed in the Shinarump Member and older rocks at 
the site and on the dip slope up Main Ridge to the west. Joints in this system are vertical, spaced 1 
about 3 ft (0.9 m) apart, and strike N5060W. Calcite commonly coats the joint surfaces and 
minor slickensides occur sporadically. 

A minor fault with a displacement of 2 ft  (0.6 m) and the same orientation as the primary joint 
system was seen in the Moenkopi kormation just west of the processing site area. Strong joint 
control (and possibly a minor fault) occurs in the ridge along the east side of the paleovalley in 
the area of well MON-619. Just south of this well, the sandstone ridge of the Shinarump 
Member abruptly drops down about 10 ft(3 m). Quaternary material covers and obscures the 
contact between the two sandstone ridge segments (Plate 1). A joint surface on this contact just 
south of well MON-619 strikes N60W, but no slickensides were seen. Because no other 
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definitive evidence for displacement could be found, the displaced ridge may be only the result 
of differential erosion along the primary joint system. 

A vertical system of secondary and tertiary joint systems are present that strike approximately 
due east and N40E, respectively. These systems along with the primary joint system and minor 
faults may channel ground-water flow in bedrock in the site area. 

5.1.4 Bedrock Topography and Geomorphology 

A deep, narrow, northeast-trending paleovalley that presently is filled by Quaternary material 
over most of its length cuts through the south part of the site. The paleovalley was incised into - - 
bedrock by an ancestral tributary drainage to cane Valley Wash in wetter climatic conditions that 
occurred during parts of the Pleistocene epoch. Additional boreholes drilled in 1997 immediately 
preceded by a geophysical seismic refraction survey resulted in a more complete understanding 
of the location and depth of the paleovalley in the site. 

Drainages to the west of the site on Yazzie Mesa, Main Ridge, and South Ridge have incised 
narrow canyons up to 200 ft (60 m) deep (Figure 5-1). Topographic relief on the Shinanunp 
Member sandstones on the dip slope between the incised Drainages is typically only 20 to 40 ft 
(6 to 12 m). The drainage canyon that separates Main Ridge from South Ridge and exposed the 
uranium ore body at the Monument No. 2 Mine continues eastward and northeastward to the site 
where it becomes a paleovalley (or paleodrainage) filled with Quaternary eolian and fluvial 
material. This paleovalley crosses the site where the old tailings pile and heap-leaching pads 
were constructed during milling operations (Figure 3-1). Southwest of this processing area, the 
paleovalley is filled by dune sand and obscured for a distance of about 1,000 ft (300 m) 
southwestward to the point where the paleovalley rejoins the present intermittent drainage. 

Cross section D to D' in the vicinity of well MON-619 (Plate 2) and in the vicinity of well 
MON-657 (Plate 1 in the work plan [DOE 1997c]), indicate the steep-walled character of the 
paleovalley and the Quaternary fill thickness of between 60 and 100 ft (18 and 30 m). Seismic 
refraction survey line 1 (Figure4-2) also shows the steep-walled paleovalley in the vicinity of 
well MON-657. Depth of incision in this segment of the paleovalley may have reached only into 
the lower part of the Moenkopi Formation, into the sandstone and siltstone of the Hoskinnini 
Member. The actual base of the paleovalley at well MON-657 is probably in the lower 
Moenkopi rather than the De Chelly Sandstone-previous rotary drilling of this borehole after 
passing through Quaternary sands and gravels drilled through at least 5 ft (1.5 m) of what was 
interpreted as Moenkopi rock fragments before entering the De Chelly Sandstone. 

North of the well MON-657 area, the axis of the buried paleovalley bends slightly to the 
northeast and is near well MON-775, which passed through about 120 ft (37 m) of Quaternary 
material before penetrating the Hoskinnini Member. Here, as in the area of well MON-657, the 
base of the paleovalley is probably in more resistant sandstones in the lower part of the 
Hoskinnini Member. In this area, the depth of the paleovalley decreases and the valley walls are 
less steep, as shown on Plate 2 in cross section C to C' and in seismic refraction survey line 3 
(Figure 4-4). 
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North of well MON-775, the paleovalley axis bends more easterly, and the north edge of the 
paleovalley appears to be in the area of the well cluster MON-655, -769, and -771. Bedrock is at 
a depth of 43 ft (13 m) in well MON-769 and at 79 ft (24 m) in well MON-771, which is only 
about 60 ft (19 m) to the south. These wells mark the steep north edge of the paleovalley, which 
probably extends 30 to 40 ft (9 to 12 m) deeper just to the south along its axis. Seismic refraction 
survey line 2 (Figure 4-3) is north and west of the paleovalley. 

The position of the buried paleovalley north and east of well cluster MON-655, -769, and -771 
is not known. It is likely that the paleovalley axis continues in an east-northeast direction and 
then bends northward to join the paleodrainage that drained the ancestral Cane Valley located 
500 to 1,000 ft (150 to 300 m) west of the present position of Cane Valley Wash. The ancestral 
drainage of Cane Valley was at a base level much lower than at present. The current drainage, 
Cane Valley Wash, leaves Cane Valley about 3.5 miles (5.6 km) north of the site through a 
narrow valley cut in bedrock that drains northwestward and eventually into Gypsum Creek and 
the San Juan River. The ancestral drainage of Cane Valley Wash was probably located about 
2.5 mi (4 km) farther north at the north end of Cane Valley. This drainage also drained into 
Gypsum Creek and could have provided a much lower base level for Cane Valley and its 
tributaries. The lower base level would allow for incision prior to filling the valley with alluvial 
and eolian material. The ancestral drainage of Cane Valley Wash could have been blocked by 
landslides from the west flank of Comb Ridge or by a combination of eolian deposition during a 
drying climate and landslide/alluvial fan processes. Blocking of this drainage outlet likely 
created short periods of internal drainage in Cane Valley resulting in brief formation of lakes and 
deposition of fine-grained lacustrine or clayey deposits. 

The presence of active and partly stabilized sand dunes in and along the sides of Cane Valley 
indicates that wind erosion and deposition are the dominant geomorphic factorsin the site area. 
Geomorphic factors of secondary importance are brief, infrequent episodes of heavy rainfall 
events associated with the summer and fall monsoonal period that spread alluvial material down 
and along the intermittent drainages. 

Areas of active to partly stabilized dunes are typically oriented north-northeast, reflecting the 
prevailing wind direction from the south-southwest. The presence of coppice dunes up to 8 ft 
(2.5 m) high in several areas in the floor of Cane Valley indicate that active wind erosion bv 
deflation is occurring. Calcified rhizoliths that stand up in relief frequently occur around the 
edges of stabilized dune deposits, also indicators of active deflation. 

5.2 Hydrology 

The three main aquifers onsite are the alluvial, Shinarump, and De Chelly aquifers (in - - A 

descending order), with the Shinarump and De Chelly separated by the Moenkopi Formation and 
its lowermost Hoskinnini Member. The alluvium is predominantly an unconfined aauifer. which 
is underlain by the unconfined and leaky confined Shinarump. ~ h k  main confining ;nit is' the 
Upper Moenkopi, which overlies the leaky confined Hoskinnini and De Chelly. The Hoskinnini 
and De Chelly appear to be hydrologically connected, and are described as a single unit in some 
of the earlier boring logs. In the region of the site containing the quarternary paleochannel, the 
Shinarump and Upper Moenkopi Formation have been eroded away, providing a direct 
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hydrological connection between the alluvial and De Chelly aquifers. Each of the three main 
aquifers will be discussed separately in detail. 

5.2.1 Alluvial Aquifer 

The alluvial aquifer consists mainly of windblown fine- to medium-grained sand deposits which 
vary in thickness from 0 to 120 fi. The thickest deposits were encountered in the paleovalley area 
where the Shinarump and Moenkopi has been eroded away. Outside of the paleochannel region, 
the alluvial material is generally thicker near the axis of the valley, and tapers to very thin 
deposits near the western and eastern boundaries of the site where no alluvium is present adjacent 
to bedrock exposures. 

There is a broad range of the depth to ground water in the alluvial aquifer across the site. One 
well (MON-654) screened in the alluvium appears to be under artesian conditions. Potential 
cause for this occurrence will be discussed in the ground water vertical gradient section. 
Excluding the well MON-654 location, the depth to alluvial ground water generally ranges from 
8 ft (wells MON-602 and -604, located along Cane Wash) to 50 ft (wells MON-662 and -669) 
below the ground surface. In the area of the nitrate plume, alluvial ground water is encountered 
between 30 to 40 ft below the ground surface. 

Figure 5-4 is the ground-water elevation contour map for the alluvial aquifer based on 
August 1997 water levels. Alluvial ground water generally flows north in the site vicinity. The 
average horizontal gradient was calculated using water-level elevations measured in wells 
MON-603 and MON-653 (Table 5-1). These two wells were chosen because they are rather far 
apart (3,482 ft) and the direct distance between them trends parallel the direction of ground-water 
flow. Historically (water levels have been measured since 1985) the horizontal gradient has been 
0.01 1, which is the same as the gradient calculated using the August 1997 water-level data. The 
gradient is higher at the southern end of the site (0.015) than the northern portion (0.007) as 
evidenced by the closer countour spacing in Figure 5 4 .  Water-level elevations presented in 
Table 5-1 indicates that the gradient does not appear to be seasonally influenced. 

Work completed prior to 1997 suggested the alluvial aquifer hydraulic conductivity ranged from 
0.28 to 19 ft/day. The 1997 field investigation, which was focused on the portion of the alluvial 
aquifer containing the nitrate plume, suggested an average hydraulic conductivity of 10 Wday for 
the southern portion of the site. In the region of the paleovalley and to the north, data suggests 
the hydraulic conductivity is 17 ft/day. 

Assuming an effective porosity of 0.25 and a hydraulic gradient of 0.01 1, the average ground- 
water velocity is approximately 0.44 Wday in the southern portion of the site, and 0.75 Wday to 

A A . 

the north. At these velocities the nitrate plume would have taken approximately 25 years to reach 
its present location (furthest extent is 4,800 ft according to ground-water quality data presented 
in Section 5.3.3.1). 

Recharge to the alluvial aquifer is the result of the infiltration of precipitation and from upward - - . 

leakage from the underlying aquifers. This area receives approximately 6.4 in. of precipitation 
annually, with the majority of the precipitation resulting from isolated thunderstorms during the 
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Approximate Outcrop of Bedrock 

- Former Source Area 
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(dashed where inferred) 

Well Number 802 Location 8197 Elevation (FT MSL) 

Figure 5 4 .  Alluvial Aquifer Potentiomefric Surface Contour Map 
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late summer and early fall. However, only a fraction of the annual precipitation actually enters 
the aquifer due to loss from evaporation and plant uptake. 

Discharge from the alluvial aquifer is primarily the result of ET and evaporation. Pumping from 
the alluvial aquifer is limited because of the poor water quality and the lower yields when 
compared to the deeper aquifers. 

5.2.2 Shinarump Aquifer 

The Shinarump aquifer consists of lenticular deposits of sandstone and conglomerate with 
occasional thin mudstone layers. Consistent with most alluvial fan deposition, the conglomerate 
is near the base of the deposit that generally grades upward into the finer grained deposits. The 

Shinarump forms an exposured bedrock slope west of the site, and to the east the Shinarump 
aquifer underlies the alluvial aquifer. Thickness of the Shinarump ranges from 0 to 90 ft, and 
thins north of the site. In some areas where the Shinarump has been eroded, it has been replaced 
by alluvial material. 

Shinarump ground water generally occurs under semiconfined conditions, with the finer-grained 
upper portions of the unit possibly acting as a confining unit. Ground water may also be under 
unconfined conditions in the few portions of the site where Shinarump crops out. Depth to 
ground water ranges from 7 ft  (well MON-610) to 50 ft  (well MON-614) below ground surface. 

Ground-water flow is to the north-northeast according to the ground-water contour map 
generated using September 1997 water level data (Figure 5-5). As shown in Table 5-1, the 
average horizontal gradient historically has been 0.010, and the August 1997 water-level data 
revealed the gradient was the same. This gradient was calculated using water-level data collected 
from well MON-601 and well MON-659 (located 4,141 ft  north of well MON-601). 

According to the analysis of slug test data, the hydraulic conductivity ranges from 0.4 to 
8 Wday. Assuming an effective porosity of 0.25 and using the horizontal gradient of 0.010, the 
ground-water seepage velocity ranges from 0.02 to 0.32 Wday. 

Recharge to the Shinarump aquifer is from the infiltration of precipitation in outcrop areas, and 
to a smaller extent leakage from the underlying De Chelly aquifer. Discharge from the 
Shinarump appears to be limited to the alluvial aquifer. 

5.2.3 De Chelly Aquifer - 

The De Chelly aquifer consists of fine-grained sandstone that is approximately 500 ft  thick in the 
site area. Ground water is generally semiconfined, and may be unconfined in areas where the 
main confining unit, the overlying Upper Moenkopi, has been eroded. 

The potentiometric surface elevation of the De Chelly aquifer is higher compared to the ground 
surface elevation along portiolis of the eastern boundary, resulting in artesian conditions at wells 
MON-611, -613, and -625. The maximum depth to De Chelly ground water at other areas of the 
site is approximately 165 ft, in the vicinity of well MON-661. 
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Figure 5-5. Shinarump Aquifer Potentiomefric Sudace Contour Map 
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Similar to the alluvial and Shinarump aquifers, the De Chelly ground-water flow direction is 
towards the north. As shown on Figure 5 4 ,  there is a higher hydraulic gradient to the south of 
the site (0.018) compared to the north of the site (0.01 1). Using water-level data collected from 
wells MON461 and MON464 (6,350 ft apart), the average horizontal gradient across the area 
historically has been 0.014. Water-level data collected in August 1997 data suggests a horizontal 
gradient of 0.014 (Table 5-1). 

Analysis of data collected from a 1985 aquifer test indicated a hydraulic conductivity of 6 Wday. 
The subsequent test completed during the 1997 field investigation suggested a hydraulic 
conductivity on the order of 2 Wday. Using these two values as the range, the ground-water 
seepage velocity ranges from 0.19 to 0.56 Wday. These calculations were based on an assumed 
effective porosity of 0.15 and the average hydraulic gradient of 0.014. 

Recharge to the De Chelly is mainly a function of precipitation in the vicinity of the site. 
Outcrops of De Chelly Sandstone located to the west and south of the site tend to enhance 
recharge into the aquifer. Discharge is the result of vertical leakage into overlying units (to be 
discussed in the next section) and by domestic and stock use. 

5.2.4 Aquifer Interaction 

There are three well clusters (wells MON406/663/659, MON453/664/660, and 
MON403/611/615) located at the site in which wells are screened in the alluvial, Shinanunp, 
and De Chelly aquifers. Water-level data collected at these locations were used to calculate the 
vertical gradients and ground-water flow velocities between the three aquifers. 

5.2.4.1 Vertical Gradients 

Gradients were calculated by taking the difference of the measured water levels and dividing that 
value by the difference between the mid-point elevations of the screened intervals for the 
respective wells. A negative value represents an upward flow direction. Table 5-2 provides the 
ground-water elevations and resulting gradients for the three clusters at various times since 1985. 
Water-level measurements collected within 48 hours of each other at any cluster location were 
assumed to be valid and are included in the table. 

It should be noted that these gradient calculations may underestimate the actual gradient. For 
instances where De Chelly wells were under artesian conditions, the ground-water elevation was 
measured at the top of the well casing when, in fact, the water level was actually higher. 

Results 

As Table 5-2 shows, ground-water movement has historically been upward from the De Chelly, 
through the Shinarump, and into the alluvial aquifer at each of the well cluster locations. The 
average hydraulic gradient between the De Chelly and the Shinarump is -0.055; between the 
Shinarump and the alluvium the average gradient is -0.017; and between the De Chelly and the 
alluvium the average gradient is -0.045. 
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Figure 5 6 .  De Chelly Aquifer Pofenliomefric Surface Contour Map 
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Table 5-2. Ground-Water Verfical Velocity Calculations-Monument Valley Field Investigation i 
I 
I 
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Table 5 2  (continued). Ground-Water Verfical Velocity Calculations-Monument Valley Field Investigation 

Notes: Al = Alluvial Aauifer 
BOS Eiev = 
Dc - - 
Diff = 
Fiowing = 
Grad = 
NO Data = 
Scrn Midpt = 
Sr = 
TOS Eiev = 

Bottom of screen elevation (MSL) 
De Chelly Aquifer 
Difference 
Water flowing over the top of the casing 
Gradient 
No data collected 
Screen midpoint elevation (MSL) 
Shinarump Aquifer 
Top of screen elevation (MSL) 

Since 1985, the gradient appears to have reversed direction on an infrequent basis. These 
gradient reversals may have resultedfiom inaccurate water-level measurements, or the water 
levels may have been influenced by the pumping of water supply wells during mine reclamation 
work. 

Recent data (collected during the 1997 field investigation) do not indicate a significant difference 
in hydraulic gradients compared to historical data for the well cluster locations. The data also 
indicate that hydraulic gradients do not fluctuate seasonally. 

It should be noted that the report of a gradient reversal (Appendix F of the RAP) at the 
MON-603/611/615 cluster location after 1989 was in error. Wells MON-611 and MON-615 
were mislabeled in the field at some point between 1987 and 1989, ultimately resulting in an 
apparent reversal of the gradient. This error has been corrected in the field and in the data base. 

DOWGrand Junction Office 
June 1998 

Site Observational Work Plan for Monument Valley, Arizona 
Page 5-23 



Site Conceptual Model Document Number U0018lOO 

5.2.4.2 Ground-Water Flow Vertical Velocities 

Table 5-2 also provides the ground-water vertical velocity estimates for ground-water flow 
between the alluvial, Shinarump, and De Chelly aquifers. These values are calculated by using 
the following formula: 

where q = the ground-water velocity, or flux (ftiday), K = the hydraulic conductivity of the 
confining unit (ftiday), h, = the ground-water elevation of the unit above the confining unit (ft), 
h, = the ground-water elevation of the unit below the confining unit (ft), and B = the thickness of 
the confining unit. 

For this conceptual model, the approximately 4 0 4  thick confining unit between the De Chelly 
and the Shinarump is the Moenkopi, which has an estimated hydraulic conductivity ranging from 
10 .4 to 10.' ftiday (Golyn 1995). For flow from the Shinarump to the alluvial aquifer, an 
estimated 70-ft thick section of Shinanunp with a horizontal hydraulic conductivity ranging from 
0.4 to 8 Wday is used to calculate the ground-water flow velocity. 

As with the vertical gradient determinations, a conservative approach is used for the vertical 
velocity calculations, which underestimates the actual velocity. The vertical hydraulic 
conductivity is estimated to be an order of magnitude lower compared to the horizontal hydraulic 
conductivity, which translates into a vertical conductivity ranging from 10 " to 10" ftiday for the 
Moenkopi and 0.04 to 0.8 Wday for the Shinarump. 

Results 

Results are included in Table 5-2, with positive velocities representing vertically upward flow. 
Ground-water flow velocities between the De Chelly and the Shinarump were calculated using an 
average hydraulic conductivity of 5 x lo6 ftiday, while flow velocities between the Shinarump 
and the alluvium were calculated using an average hydraulic conductivity of 0.08 ftiday. The 
calculated hydraulic conductivity used to determine the velocity between the De Chelly and the 
alluvial aquifer, based on the average conductivities and respective thicknesses of the Moenkopi 
and the Shinanunp, is 1.4 x 10" ftiday. 

The site-wide average vertical ground-water flow velocity from the De Chelly to the Shinarump 
is estimated to be 7 x ftiday, while the average flow velocity between the Shinarump and the 
alluvial aquifer is 2 x ftiday. The average flow velocity between the De Chelly and the 
alluvial aquifer is 6 x ftiday, which is calculated using an estimated 40 ft of Moenkopi and 
70 A of Shinarump between the two aquifers. 

In addition to the calculated vertical gradients and respective velocities, there is additional 
evidence which supports vertical ground-water flow from the De Chelly to the alluvium. Well 
MON-654, which is located along the eastern portion of the site and screened in the alluvial 
aquifer, has been observed to be under artesian conditions. The water contained in this well is of 
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De Chelly type, suggesting the artesian flow conditions are a direct result of flow from the De 
Chelly aquifer (Section 5.3.1 .I). 

According to the geologic cross-sections in this region of the site the confining Moenkopi is 
present, and there does not appear to be a direct connection between the alluvial aquifer and the 
underlying De Chelly. One possible explanation for the influence from the De Chelly may be 
associated with past drilling activity in this immediate region of the site. Incomplete records from 
uranium exploration activity indicate approximately 80 boreholes were drilled in the immediate 
area of the present location of well MON-654. There are no details for the depth of each hole; 
however, on average each hole was approximately 180 ft  deep and extended into the De Chelly 
aquifer. It is likely these boreholes were not properly abandoned, providing a number of conduits 
for the De Chelly ground water to vertically migrate into the alluvium over time. 

5.2.5 Water Balance 

Part of the characterization of the ground-water flow system requires the development of a water 
balance, to support the numerical modeling presented in Appendix H. This water balance 
identifies the components of the flow system, presents the magnitudes and directions of the 
components, and provides a check for numerical modeling results. The focus of this water 
balance is the ground-water flow associated with the alluvial aquifer. 

Figure 5-7 shows the boundaries (which encompass a total area of 50,140,000 ftz) established 
for the water balance. The upgradient head boundary consists of observed hydraulic heads 
measured in well MON-602, while the downgradient head values are based on hydraulic heads 
measured in well MON-650. The northern and southern flow boundaries were set perpendicular 
to the flow direction (trending approximately east-west). The eastern and western boundaries 
were established in the vicinity of the site where Comb Ridge to the east and Shinantmp outcrops 
to the west start to influence the saturated thickness of the alluvial aquifer. 

Flow through the alluvial aquifer is estimated by determining the flux of ground water entering 
and exiting the system. Inflow includes flow across the southern boundan/. flow across the - . . 
eastern and western boundaries into the site, ground water migrating from the underlying 
De Chelly, and recharge from precipitation. Outflow includes flow through the northern 
boundary and ground-water loss through ET. 

With the exception of the frog ponds, there are no perennial surface water bodies onsite. The 
washes that trend north-south through the site transport water only during intense storm events, 
and the water auickly infiltrates into the alluvium. This surface runoff is not considered to be an 
additional component of recharge beyond the previously mentioned infiltration of precipitation. 
There are no direct measurements of natural recharge available for the site. 

Ground-water discharge is primarily a function of evaporation and ET. Loss due to evaporation 
is taken into account in the recharge determination. Only an estimated 10 to 20 percent of the 
annual precipitation is estimated to actually infiltrate and provide recharge to the alluvial aquifer 
(Stephens 1994). 
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ET, which is the major component of ground-water discharge from the alluvial aquifer, has not 
been measured directly at the site. However, literature values are available for similar hydrologic 
systems and plant communities. An estimate of ET for this water balance is based on literature 
values and the dominant type of plant encountered at the site during a vegetation survey 
(Section 5.4.2). 

Assumptions made in developing the water balance include: 

The flow system for the alluvial aquifer is assumed to be unconfined across the site, with a 
hydraulic conductivity within the flow system assumed to be one order of magnitude lower 
in thevertical direction compared to the horizontal direction. 

The total discharge is estimated for the entire thickness of the alluvial aquifer, where flow is 
assumed to be nearly horizontal. Upgradient and downgradient boundaries of the flow 
system are assumed to have fixed heads, with discharge through the aquifer assumed to be 
steady-state. 

Monument Valley is similar to other sites within the arid southwestern United States, 
therefore measured recharge rates in other parts of the southwest are similar to those at 
Monument Valley. 

Flow into the site along the east and west is dependent upon respective watershed areas. 

5.2.6 Water Balance Calculations 

5.2.6.1 Ground-Water Flow Across the Southern and Northern Boundaries 

The hydraulic conductivity for the alluvial aquifer is based on aquifer tests completed during the 
1997 field investigation. A hydraulic conductivity of 10 Wday is assigned to the alluvial aquifer 
in the southern portion of the site, and a value of 17 Wday is assigned to the northern region 
(Appendix H). 

The flux associated with the alluvial ground water is calculated by multiplying the hydraulic 
conductivity by the hydraulic gradient. Along the southern boundary the hydraulic conductivity 
is 10 Wday, and the measured gradient is approximately 0.015. Along the northern boundary the 
hydraulic conductivity is 17 Wday, and the gradient is 0.007. As a result, the fluxes at the 
southern and northern boundaries are calculated to be 0.15 Wday and 0.12 Wday, respectively. 

These fluxes are applied to the saturated cross-sectional areas at the southern and northern 
boundaries to determine the ground-water inflow across the southern boundary and outflow 
across the northern boundary. The saturated thickness along the southern and northern 
boundaries had to be estimated because of the limited subsurface data available. A contour map 
showing the saturated thickness in the alluvial aquifer is presented in Figure 5-8. The conceptual 
cross-sections of the southern and northern boundaries provided on Figure 5-9 are generated 
from the information provided by this map. 

Site Observational Work Plan for Monunient Valley, Arizona DOWGrand Junction Ofice 
Page 5-26 June 1998 



Document Number U0018100 Site Conceptual Model 

ET 20 INNR 

Water Balance 

1000 0 1000 20W Feet 

Figure 5-7. Wafer Balance Boundaries and ETAreas 

DOElGrand Junction OMce 
June 1998 

Sile Observational Work Plan for Monument Valley, Arizona 
Page 5-17 



This page intentionally left blank 

 



Document Number UOOl8lOO Site Conceptual Model 

I ,  / , I  , , , /  
I I , I )  
j 3 . 

- Fence 
1000 2000 Feet 

Water Balance Boundary 

Approximate Outcrop of Bedrock 

Monitor Well Location 

Saturated Thickness Contour Line 

~ ....... 

Figure 5-8. Saturated Thickness 

DOWGrand Junction Ofice Site Observational Work Plan for Monument Valley, Arizona 
June 1998 Page 5-29 



NORTHERN BOUNDARY OUTFLOW CROSS-SECTION 

I I 

4675 

SOUTHERN BOUNDARY INFLOW CROSS-SECTION 
4875 

Figure 5-9. Groundwater Flow Model Boundary Cross Sections 

4775 

Conceptua l  Model 
Boundary  Cross-Sect ions 

DATE PREPARED: 

)":\u~~i\ooi5\o7\UOUUUU\UUO21JWW0OO os/>o/W 2 4 i ~ m  SmllhW 

FILENAME: 

MAY 19, 1998 U 0 0 2 1 3 0 0  



Document Number U0018100 Site Conceptual Model 

The ground-water flow through these boundaries can be calculated by: 

where Q = the aquifer discharge (cubic feet per day [ft3/day]), q = the flux (Wday), and A = the 
area of the flow tube (square feet [ft2]). 

5.2.6.2 Ground-Water Plow Across the Eastern and Western Boundaries 

There are no direct measurements of ground-water flow across the east and west boundaries. To 
estimate flow from these regions, the surrounding areas upgradient of the site between the 
Shinarump outcrops to the west and Comb Ridge to the east are divided into six different 
watersheds (WSl through WS6 as shown on Figure 5-10). Ground-water flow entering the site 
across the southern boundary is a function of flow (in the form of ground-water flow resulting 
from the infiltration of precipitation) predominantly from watershed area WS5 and partiaIIy from 
WS4. Flow associated with the remaining area of WS4, and all of WS1, WS2, and WS3 are 
contributors to ground-water flow through the western boundary, while ground-water flow 
coming into the site from the east is a function of flow originating from WS6. 

Once the watersheds were established, a net recharge based on precipitation applied to each 
watershed was estimated. This was completed by comparing the ground-water flows entering the 
site at the southern bouridaly and the ground-water flows leaving the site at the northern 
boundary, and determining the flux necessary to provide the flow from the respective watershed 
areas. This value, which represents a net recharge flux, was then applied to the watershed areas 
which are responsible for contributing flow through the eastern and western boundaries of the 
site. 

Along the eastern recharge boundary, it is estimated the flux would be consistent across the 
entire length of the boundary, since there does not appear to be any variation along this 
boundary. However, along the western boundary there appear to be three distinct recharge zones. 
It is estimated that one-half of the flow originating from the western boundary is the result of 
flow from the paleochannel. The remainder of the flow is split between the zones to the north and 
south of the paleochannel on the western boundary. A difference between the northern and 
southern zones is the result of the boundary's proximity to the bedrock outcrops, with the 
northern zone having a lower recharge flux (further distance away from the outcrops) compared 
to the southern zone's flux (directly adjacent to the bedrock outcrops). 

As a result, the paleochannel recharge zone is assigned a flux which ranges from 0.03 to 
0.042 ftlday, while the zones to the north and south fluxes range from 0.0022 to 0.0031 ftlday 
and 0.006 to 0.0086 Wday, respectively. The flux assigned to the eastern boundary is estimated 
to be approximately the same as the flux assigned to the northern zone of the western boundary. 
The eastern boundary recharge flux is estimated to be between 0.002 and 0.0028 ftlday. 
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Figure 5-10. Monument Valley Site Regional Wafer Sheds 
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5.2.7 Flux Across the Water Table Boundary -Recharge from Precipitation 

No data have been collected to quantify the amount of recharge from precipitation at the site. As 
a result, this parameter is estimated from literature values. Stephens (1994) presents a 
comparison of field studies completed in basins in the semi-arid areas of the western United 
States. The Monument Valley site may be considered analogous to the sites described by 
Stephens (1994) because of the low annual precipitation measured at Monument Valley 
(approximately 6.4 inches per year [in./year], or 0.0014612 ft/day) in.combination with a rather 
high annual evaporation rate (estimated to be 50.6 in./year [Cooley 19701). 

Precipitation data from the Mexican Hat station was used in the water balance rather than data 
fromihe Monument Valley station (which is closer) because the data set from the Mexican Hat 
station is more complete. Data have been collected from Mexican Hat on a regular basis since 
1946, whereas data have been collected at Monument Valley inconsistently since 1980. 

The recharge from precipitation at the Monument Valley site is assumed to be within the range of 
measured recharge values reported by Stephens (1994). Taking into consideration that the 
Monument Valley site has been over-graked by sheep and cattle over many years, an estimated 
recharge factor ranging from 15 to 25 percent is used for this water balance. Applying these 
recharge factors, the estimated recharge flux ranges from 0.00022 to 0.000365 Wday for the 
entire area within the established boundaries. 

5.2.8 Flux Across the Water Table Boundary - Flow from the De Chelly 

According to the calculated vertical velocity (Table 5-2) and the area of the De Chelly beneath 
the alluvium, there is only a minimal volume (less than 1 ft3/day) of ground-water migrating 
from the De Chelly into the alluvial aquifer across the majority of the site. However, there is 
evidence of De Chelly-type water in the vicinity of the frog pondltrench area and in wells 
MONA54 and MON-767. Based on the location of these two wells and the frog pondltrench, an 
area believed to be influenced by the migration of ground water from the De Chelly into the 
alluvial aquifer was delineated (Appendix H). 

The flux calculated for flow from the De Chelly in this region (estimated to be 1,500,000 ftz in 
size) is based on the assumption that the Moenkopi is either absent or not an effective confining 
unit in this area. An estimated 10 ft  of Hoskinnini is assumed to separate the alluvial aquifer and 
the De Chelly, which has an estimated hydraulic conductivity ranging from 0.07 to 1.43 ftlday. 
Using the measured vertical gradient (0.048), the flux is estimated to range from 0.0003 to 
0.0068 Wday for the De Chelly recharge zone. 

5.2.9 Evapotranspiration 

In deep, fine- to medium-textured soils, ET can account for almost all infiltration in upland arid 
areas where healthy, late-successional vegetation dominates. However, overgrazing of Cane 
Valley rangelands has greatly reduced leaf area; the removal of soil via transpiration is less than 
would be expected for healthy rangeland. Therefore, localized recharge (downward movement of 
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soil water below the influence of plants) in the plume vicinity may exceed 10 percent of the 
precipitation volume. 

Phreatophyte populations downgradient of the mill site are ground-water discharge zones I 

(Section 4.7.3.3). Development of a conceptual water balance model for the site requires I 

estimates of ET rates for these phreatophyte communities. Given the depth to ground water and 
the presence of a top layer of dune sand that can act as a capillary barrier to vertical tension 
gradients, the evaporation component of discharge is likely insignificant (less than 
0.00009 Wday, less than 0.00009 vapor flow). 

As shown on Figure 5-7, two distinct areas have been delineated (based on current plant 
communities) from which ground water is discharged via ET. Area ETl is dominated by 
greasewood, which has a deep root system that taps directly into the ground water. Recent 1 

studies suggest that transpiration from healthy greasewood populations can range from 0.002 to 
0.014 Wday (Nichols 1993 and Branson et al. 1981). The greasewood community located 
northeast of the former location of the new tailings pile (Area ET1) has been subjected to 
over-grazing. As a result, it is believed that the greasewood in this region may be less efficient at 
transpiring ground water, with a flux more on the order of 0.0035 to 0.0045 Wday. 

I 

Area ET2 is limited to areas adjacent to the washes which have plant communities with lower ET 
rates, with estimated fluxes ranging from 0.00089 and 0.0013 Wday. The remainder of the site 
has been designated as Area ET3, which is not considered to be an area of ground-water 
discharge. These fluxes assigned to areas ETl and ET2 represent maximum potential losses of 
ground water from the system. The actual volume of ground-water removed from the system is I 

dependent upon plant root depth, and may be considerably lower compared to the estimated 
I 

volume. 

The phytoremediation and native plant farming pilot study (Section 5.4.3) will produce more 
accurate estimates of vegetation influences on ecological recharge and discharge. A time- 
integrated value of water-use efficiency (gain in plant biomass per unit of water transpired) will 
be estimated using carbon isotope ratios (e.g., Ehlringer et al. 1993). From this, water use and 
transpiration can be estimated from field measurements of biomass productivity. I , 
5.2.9.1 Discussion 

The goal of this water balance is to describe the various steady-state flow components which I 

dictate the ground-water flow in the vicinity of the Monument Valley site. Based on the field 
data, the flux estimates and calculations presented, a water balance can be developed by 

I 

multiplying the flux rates by the surface areas perpendicular to each flow component. Table 5-3 
I 

presents the field water balance by summing the various components, while Figure 5-1 1 
provides a conceptual model to graphically display the components. 
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Table 5-3. Results of the Steady-State Water Balance for Monument Valley 

As this table shows, there is a 2.3 percent mass balance error in the computed water balance, with 
the inflow exceeding the outflow by 1,322 ft3/day. This difference can be easily corrected with a 
minor adjustment to a flux of one of the flow components. 

5.2.9.2 Conclusions 

A steady-state field water balance was derived for the Monument Valley site. Inflows to the 
system include: 1) ground-water inflow from the south, east, and west; 2) recharge from 
precipitation over the entire site; and 3) vertical ground-water flow from the underlying 
De Chelly aquifer in specific areas. Discharge from the flow system occurs as 1) ET in areas 
dominated by the greasewood population and along the drainages, and 2) downgradient 
ground-water discharge to the north. 

A number of the flow components (ground-water flow from the east and west, precipitation 
recharge rates, and ET rates) were estimated because no direct measurements have been 
made. For some flow components, a flux range was established which represented the 
estimated minimum and maximum fluxes. 
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5.3 Geochemistry 

DOE collected ground-water quality data from the former processing site and vicinity from 
April 1985 through September 1997. These data are accessible in the SEE-UMTRA database. 
The most recent information available was used to assess surface-water and ground-water 
quality. The nature and extent of site-related constituents occurring above natural background 
concentrations are evaluated and the fate and transport of the site-related constituents in the 
ground water are summarized in the following sections. 

5.3.1 Natural Background 

Background water quality is defined as the quality the water would have if uranium milling 
activities had not taken place. The water quality prior to the milling operations is inferred by 
characterizing the water quality in areas upgradient of the site that are unaffected by process 
contamination. Surface waters, soils, and ground water from the alluvium, Shinarump Member 
of the Chinle Formation, and the De Chelly Sandstone Member of the Cutler Formation were 
evaluated. 

5.3.1.1 Background Surface Water 

The only permanent surface water present in the vicinity of the project area occurs east of the 
former mill site in what is referred to as the Cane Valley frog ponds (Figure 5-12). The frog 
ponds consist of two man-made ponds constructed during the 1950s and 1960s when the mill 
was in operation (Hammack 1993). The ponds are situated roughly in a north to south direction 
along the drainage axis of Cane Valley Wash. Water was supplied by a concrete-lined cistern at 
the southern pond. The sides of the northern pond were lined with wooden planks braced by ore 
from the mines. The wooden planks, ore from in and around the northern pond, and evidence of 
the concrete cistern at the southern pond were subsequently removed during completion of the 
surface remediation activities at the former mill site in April 1994. 

Presently, the southern pond is contained in a long, narrow, and deep bulldozer cut in a large 
sand dune. The bulldozer cut intersects the alluvial ground water which provides some recharge 
to both ponds throughout the year. Geochemical similarities between the pond water and ground 
water from the De Chelly bedrock aquifer water suggest the ponds may also be receiving 
recharge through former uranium exploration boreholes that penetrated the artesian bedrock 
aquifer in the immediate area. The exploration boreholes were probably not properly abandoned, 
thereby allowing artesian flow from the De Chelly aquifer into the alluvium. 

Water quality analyses for permanent surface water samples collected at the southern frog pond 
(MON-623) are summarized in Table 5 4 .  The background surface water sample location is 
shown on Figure 5-12 and the analytical results are presented in Appendix D. 
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Figure 5-12. Background Surface Water and Soil Sample Locations 
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Background water quality results are interpreted using the Piper diagram (Piper 1944) presented 
in Figure 5-13. Permanent background surface water collected from the southern frog pond (well 
MON-623) is characterized by a predominance of calcium and magnesium cations with lesser 
amount of sodium (Figure 5-13). This calcium-magnesium-carbonate type water closely 
resembles the chemistry of water from the De Chelly aquifer (Section 5.3.1.5), suggesting that 
artesian flow from the bedrock aquifer may be providing local recharge to the pond. 
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Table 5-4. Background-Water Quality for Permanent and Intermittent Surface Water 

bUpstream intermittent pools; sample locations MON-631, -632, and -633. 
'Frequency of detection (number detectedlnumber analyzed). 
*Arithmetic mean based on averages from each location; one-half the detection limit used for values below detection. 
'Minimum and maximum value detected; < indicates value below detection limit. 

Site Observational Work Pian for Monunient Valley, Arizona DOWGrand Junction Oftice 
Page 5-40 June 1998 



Document Number U0018100 Site Conceptual Model 

TDS concentrations in the frog ponds average 332 mgL and range from 255 to 420 mgL. The 
average sulfate to chloride ratio is 4.4. Nitrate is present at an average concentration of 0.5 mgL 
and range of 0.1 to 1.0 mgL. Commonly detected trace constituents include iron, manganese, 
strontium, radium-226, uranium, and zinc. On average, the water pH is above neutral (pH 7.9) 
and the redox condition is oxidizing (oxidation-reduction potential 342 millivolts [mV]). 

Most of the surface flow along Cane Valley Wash and other small drainage channels in the 
vicinity of the site is ephemeral (duration of flow less than one month) as a direct result of local 
precipitation. Natural scours created by ephemeral flow along Cane Valley Wash are common 
and many intersect the shallow ground water forming small pools which may contain standing 
water for prolonged periods of up to several weeks or more (intermittent). In response to 
evaporation and transpiration the pools get smaller and eventually go dry. These small 
intermittent pools have been observed to occur just upstream of the frog ponds and downstream 
for several miles. 

Water quality analyses for surface water samples collected at three intermittent pools located 
upstream from the frog ponds (MON431, -632, and -633) are summarized in Table 5-4. The 
background surface water sample locations are shown on Figure 5-12 and the analytical results 
are presented in Appendix D. 

Evident in the background intermittent surface water results presented in the Piper diagram 
(Figure 5-13) is the predominance of the sodium cation with lesser amounts of magnesium and 
calcium. The predominant anion is carbonate (reported as alkalinity in Table 5-4) with lesser 
amounts of sulfate and chloride. This sodium-carbonate type water is also characterized by 
relatively high concentrations of TDS which average 1,951 mgL and range from 890 to 
2,230 m a .  Water in these small intermittent pools is subject to severe effects from evaporation, 
which tends to increase the concentrations of trace and major elements while keeping their 
relative proportions constant. For example, while sulfate and chloride concentrations increase, 
the ratio of sulfate to chloride concentration will remain approximately the same. Thus, surface 
water in the pools along Cane Valley Wash tend to have naturally occurring high concentrations 
of TDS and major ions including sulfate, chloride, magnesium, sodium, and alkalinity, as 
compared to the permanent background surface waters (Table 5-4). Commonly detected trace 
constituents in the background intermittent surface water include manganese, molybdenum, 
selenium, strontium, uranium, vanadium, and radium-226. On average, the water pH is above 
neutral (pH 8.6) and the redox condition is oxidizing (oxidation-reduction potential 317 mV). 
The average sulfate to chloride ratio is 8.1. Nitrate (expressed as NO,) is present at an average 
concentration of 0.5 mgL and ranges from 0.4 to less than 1.0 mgL. 

5.3.1.2 ~ a c k ~ r o u n d  Sediment and Soil Chemistry 

In the area of the frog ponds and Cane Valley Wash, the ground water in the alluvial aquifer is 
commonly within a few feet of the surface. Capillary action keeps the sediments in the bottom of 
the wash wet, and evaporation and transpiration by plants of the capillary water results in the 
precipitation and accumulation of a 1- to 3-mm-thick crust of salts over most of the surface of the 
wash. 
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In some areas downstream of the frog ponds, the area covered by salts is more than 300 ft 
(100 m) wide. Field observations of these salts indicate that they are very soluble. Wind transport 
of the salts has been observed, inferring that windablation and dissolution of the salts during 

. rains precludes the formation of thick salt deposits in the wash. 

Background soils and sediments were collected at one surface location in 1993 and at two 
hand-auger locations in 1997 (Figure 5-12). The 1993 sample (MON-623) was collected near 
the southern frog pond, which is located upgradient from the former vicinity property site 
associated with the northern pond. Samples were collected in 1997 from background locations 
MON-869 and -870 which were established further upgradient from the site. Three samples 
were collected from each of these hand-auger locations at depths ranging from 1 to 5 ft below 
ground level. Lithologic logs and analytical results for these background samples are presented in 
Section 4.5. 

Background concentrations of selected site-related constituents are summarized in Table 5-5 for - 
soil and sediments samples collected at the three upgradient locations. For comparison, 
concentrations observed in background soils and sediments for the western United States are also - 
presented (Shacklette and Boerngen 1984). Results indicate that average levels of manganese, 
strontium, uranium, and vanadium at the Monument Valley site are slightly low as compared to 
average concentrations in typical background soils and sediments for the western United States, 
possibly reflecting the sandy, well sorted nature of the sediments derived from windblown sands. 

Table 5-5. Comparison of Background Concentrations of Selected Constituents in Soil and 
Sediment Samples at the Monument Valley Site to the Western United States 

bNA =not  analyzed, value in parenthesis indicates average crustal abundance (Mason and Moore 1982). 

5.3.1.3 Background Water Quality in the Alluvial Aquifer 

Background water quality data for the alluvial aquifer near the processing site is inferred by 
examining results of water samples collected from six upgradient monitor wells MON400, 
-402, -403,404, -602, and -603 and from four upgradient private wells MON-200, -616, 
-617, and -640). The ten background alluvial well locations are shown in Figure 5-14. Water 
quality results are presented in Appendix C and summarized in Table 5-6. 
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Figure 5-14. Background Monitor Well Locations 
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Water quality results presented in the Piper diagram (Figure 5-13) indicate that the background 
alluvial water is either a sodium-carbonate type, sodium-sulfate type, or calcium-magnesium 
carbonate type. The areal distribution of the different types of natural background alluvial waters, 
upgradient of the site, is shown in Figure 5-14. The furthest upgradient waters are characterized 
by a predominance of the sodium cation, with one type dominated by the carbonate anion and the 
other type dominated by the sulfate anion. The sodium-carbonate type water is present in 
samples collected at monitor well locations MON-400, -602, -603, and private wells MON-616 
and MON-617. Sodium-sulfate type water occurs at private wells MON-200 and MON-640 
with relatively higher concentrations of sodium, chloride, calcium, and magnesium 
(Appendix C), which reflect the effects of a higher degree of local ET or reflect the effects of 
being in local contact with relatively higher concentrations of naturally occurring soluble salts in 
the alluvium. 

Calcium-magnesium-carbonate type water occurring at monitor wells MON-402,403, and 
-404, which are located just upgradient of the frog ponds (Figure 5-14), is geochemically similar 
to water from the De Chelly aquifer (Figure 5-13). This geochemical signature suggests that the 
alluvium in this area of the site may be receiving recharge through former uranium exploration 
boreholes that penetrated the artesian bedrock aquifer in the immediate area. A similar situation 
is believed responsible for the calcium-magnesium-carbonate type water in the frog ponds 
(Section 5.3.1.1). 

The alluvial ground water is further characterized by an average sulfate-to-chloride ratio of 4.9 
(Table 5-6). TDS concentrations average 627 mg/L and range from 294 to 1,590 m a .  The 
highest TDS concentrations are associated with the sodium-sulfate type waters reflecting local 
ET effects. Nitrate is present at an average concentration of 6.4 mg/L and range from less than 
0.04 to 47 mg/L. Commonly detected trace constituents include aluminum, arsenic barium, iron, 
molybdenum, selenium, strontium, uranium, vanadium, zinc, bromide, fluoride, lead-210, 
radium-226, radium-228, and thorium-230. On average, the water pH is above neutral (pH 8.0) 
and the redox condition is oxidizing (oxidation-reduction potential 299 mV). 

5.3.1.4 Background Water Quality in the Shinarump Member of the Chinle Formation 

Background water quality in the Shinarump Member can be evaluated by examining analytical 
results of water samples collected from upgradient monitor wells MON-615 and MON-658. 
Locations of the background monitor wells are shown in Figure 5-14. Monitor wells MON-601 
and MON-610 are also upgradient, however monitor well MON-601 is screened across both the 
alluvium and Shinarump Member and therefore is not considered representative of background 
water quality in the Shinarump and monitor well MON-610 is dry. Available water quality 
results for monitor wells MON-615 and MON-658 are presented in Appendix C and 
summarized in Table 5-6. 

Ground water in the Shinarump aquifer is characterized as a sodium-carbonate type 
(Figure 5-13). TDS concentrations average 325 mg/L and range from 301 to 370 m a ,  which 
are lower than observed in the alluvial aquifer (Table 5-6). The average pH of 8.1 is above 
neutral and the redox condition, on average, is oxidizing (oxidation-reduction potential 126 mV). 
Commonly detected trace constituents include aluminum, barium, iron, manganese, 
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molybdenum, strontium, uranium, vanadium, zinc, fluoride, lead-210, radium-226, radium-228, 
and thorium-230. Nitrate is present at an average concentration of 2.6 mgL with a range from 
less than 0.014 to 8.9 mgL. The average sulfate-to-chloride ratio is 7.6, which is consistent with 
other background waters. 

5.3.1.5 Background Water Quality in the De Chelly Sandstone Member of the Cutler 
Formation 

Background water quality for the De Chelly Sandstone aquifer can be evaluated by examining 
analytical results from water samples collected at upgradient monitor well locations MON-611, 
-613, and -661. The four upgradient De Chelly monitor well locations are shown in Figure 5-14. 
Water quality results are presented in Appendix C and summarized in Table 5-6. 

Ground water in the De Chelly aquifer can be characterized as a calcium-magnesium-carbonate 
type (Figure 5-13). The water is chemically similar to that in portions of the alluvial and 
Shinarump aquifers, but has somewhat less sodium and is more dilute. TDS concentrations 
average 233 mgL and range from 118 to 370 m a ,  which is lower than observed in the alluvial - 
and Shinarump aquifers. On average, the water pH is above neutral (pH 8.1) and the redox 
condition is oxidizing (oxidation-reduction potential 184 mV). 

Commonly detected trace constituents include aluminum, arsenic, barium, iron, manganese, 
molybdenum, selenium, strontium, uranium, vanadium, zinc, fluoride, lead-210, radium-226, 
radium-228, and thorium-230. Nitrate is present at an average concentration of 5.1 mgL with a 
range from 0.7 to 22.0 mg/L. The average sulfate-to-chloride ratio is 4.9, which is consistent with 
other background waters. 

5.3.2 Source Areas 

Manganese, nitrate, strontium, sulfate, uranium, and vanadium were identified in the BLRA 
(DOE 1996b) as the most significant site-related constituents occurring in the alluvial aquifer. 
The nature of which these site-related constituents are associated with the former processing 
operations and the extent to which they are available to be dispersed in ground water 
downgradient from the site are evaluated in the following sections. 

5.3.2.1 Former Tailing Piles and Evaporation Pond 

Three former source areas of potential ground-water contamination exist at the site: (1) the old 
tailings pile and heap-leach area, (2) the new tailings pile, and (3) the evaporation pond. The 
location of these former source areas are shown in (Figure 3-1). The old tailings pile was 
composed of the sand tailings that were a residual product of the mechanical upgrading of ore. 
The upgrading process used water that contained a minor amount of flocculents but no other 
processing chemicals. Thus, tailings solutions in the old pile basically were water-equilibrated to 
minerals in the ore. Heap leaching of these old tailings occurred in the area where they were 
stored. Old tailings were placed on the heap-leach pad and sulfuric acid was added to the tailings. 
Heap-leach pads were lined to collect the leachate which contained sulfuric acid. By contrast, the 
new tailings pile contained sands tailings and processing solutions. The processing solutions 

DOUGrand Junction Office 
June 1998 

Site Obsewational Work Plan for Monument Valley, Arizona 
Page 5-41 



Site Conceptual Model Document Number U0018100 

contained sulfate, nitrate, and ammonium from the processing chemicals. The evaporation pond 
was probably used to retain seepage from the new tailings pile. 

The degree of contamination in the former source areas can be estimated from analyses of pore 
fluids that were collected prior to the contaminated material being removed by the surface 
remediation project. Pore-fluid samples were collected at the new tailings pile and the 
evaporation pond in 1985 and 1986 using suction lysimeters. The lysimeters were installed at 
different depths at each location. At the new tailings pile the lysimeters were installed at 5, 10, 
15, and 20 ft (1.5,3,4.5, and 6.1 m) below the tailings surface (lysimeters 814,815,816, and 
817, respectively). At the evaporation pond area east of the new tailings pile the lysimeters were 
installed at 15 and 20 ft (4.5 and 6.1 m) below the surface (lysimeters 805 and 804, respectively). 
Although no pore fluids were sampled from the old tailings pile, water-leaching tests were 

performed on tailing samples and the results provided an estimate of the pore-fluid composition. 
Analytical results for selected pore fluids and water-leachate samples are summarized in 
Table 5-7. Included in Table 5-7 is the range in concentrations of selected constituents in natural 
background alluvial ground water (Section 5.3.1.3) for comparison to the pore-fluid results. 

Results of the leachate analyses presented in Table 5-7 demonstrate that water in contact with 
the former old tailing pile probably contained primarily calcium and sulfate and several metals 
and trace constituents including aluminum, arsenic, barium, cadmium, chromium, copper, iron, 
lead. manganese. uranium, and vanadium. These constituents were ~robablv derived from the - L 

dissolution of ore-associated minerals in the tailings, including gypsum (calcium sulfate), uranyl 
vanadates. and minor amounts of co~ver-bearing minerals (Witkind and Thaden 1963). The - 
dissolution of the mineral gypsum (hydrous calcium sulfate) may explain the predominance of 
both calcium and sulfate in the old tailings leachates. 

Pore fluid from the new tailings pile can be characterized as an ammonium-nitrate and 
calcium-sulfate solution, reflecting the presence of gypsum in the ores, the dissolution of other 
calcium-bearing minerals in the ores, and the addition of sulfuric acid and ammonium nitrate to 
the processing solutions. The new tailings fluids were also acidic as indicated by the relatively 
low pH (4.3). Chloride levels are notably low in these solutions and about the same as in 
background ground waters. Metals and trace elements include aluminum, barium, chromium, 
cobalt, copper, iron, manganese, molybdenum, nickel, strontium, uranium, vanadium, and zinc. 
These elements were derived from the dissolution of the ores. In general, concentrations of 
site-related constituents in the pore-fluid solutions associated with the new tailings pile increased 
with increasing depth in the pile, reflecting seepage of the solutions from the base of the pile, and 
infiltration of precipitation into the top of the pile. 

Solutions beneath the evaporation pond area differ from those in the new tailings pile. Notably, 
the acidity of the solutions has been reduced by reactions with carbonate minerals in the subsoil. 
Also, the ammonium and sulfate concentrations decreased while the sodium concentrations 
increased. These changes reflect reactions of the tailings fluids with the subsoil resulting in a 
calcium-sodium-nitrate-sulfate solution. As with the tailing pore fluids the chloride 
concentrations are notably low'(45 mg/L) and are also within the range observed in natural 
background alluvial ground water. The metals and trace elements that are present in the tailings 
solutions are also present in the evaporation pond area. 
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Table 5-7. Chemistry of Tailings Solutions and Leachates 

redox potential (mV), and radium-226 (pCiL). 
tailings pile leachate data are maximum values from location MON51-0504, sampled on 9/1/83. 

'New tailings pile solution data are maximum values from locations MONO14814 to -0817 sampled on 10128185 and 4/27/86, 
dEvaporation pond subpiie soil solution data are maximum values from locations MONO14804 to -0805 sampled on 10128183 and 
4/27/86. 
(OH data are minimum values. 
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Overall, the former tailings and evaporation pond solutions contain much greater proportions of 
ammonium, calcium, nitrate, potassium, and sulfate than are present in background ground 
waters (Table 5-7). Trace elements including manganese, uranium, and vanadium are also 
present above background concentrations. Thus, these are the constituents most likely to be 
present in the subpile soils and dispersed in the ground water downgradient from the former 
source areas. 

5.3.2.2 Subpilk Soils 

The Monument Valley site had several periods of uranium milling activities. During these 
activities, mill tailings, heap-leach residues, and various processing chemicals were stored in 
unlined ponds. Any tailings and residuals in the soils that exceeded 15 pCi/g radium-226 were 
removed from the site during the surface remediation which was completed in 1994. However, 
site-related inorganic constituents detected in relatively high concentrations in pore fluid samples 
collected from the former source areas (Section 5.3.2.1) suggest that some of these constituents 
may have leached into the soils below the storage ponds and gone undetected during the 
radiometric assessment for the tailings removal. 

Samples of the soilsldirectly beneath the former sources areas were collected and analyzed for 
manganese, nitrate, strontium, sulfate, uranium, and vanadium, all of which were identified in the 
BLRA (DOE 1996b) as the most significant site-related constituents occurring in the alluvial 
aquifer to determine if these areas are likely to be continuing sources of ground-water 
contamination. Ammonium was also analyzed because it is present in ground water and will 
oxidize to NO,. Seven on-site locations and two background locations were sampled 
(Figure 4 9 ) .  Selected soil samples were subjected to three sequential leachings in the laboratory 
(Section 4.5). Each leach represents a scenario that might cause the mobilization of contaminants 
from soils into the ground water. The first leach is deionized water which represents the effect 
that relatively clean rain or snow would have as it percolates through the soils. The second leach 
is uncontaminated ground water representing the effect that a high water table might have if it 
were to contact contaminated soils. The third leach is 5-percent hydrochloric acid (HCI), which 
will remove carbonate minerals and iron and manganese oxyhydroxides. These phases are 
believed to be the main metal and uranium scavengers in the soils. Although it is not likely that 
water of this acidity would ever contact the soils, the removal of oxyhydroxides might occur if 
land uses changed significantly (for example, agricultural use could cause changes in redox 
conditions that would influence mineral dissolution). The 5-percent HCl is considered a worst- 
case scenario. The residue after 5-percent HCl was completely digested to allow calculation of 
the total contaminant present in each soil sample. 

The leachates were analyzed for the following site-related constituents: ammonium (NH,), 
manganese (Mn), nitrate (NO,), sulfate (SO,), strontium (Sr), uranium (U), and vanadium (V). 
Each site-related constituent is discussed separately below. 

Manganese 

Manganese ground-water chemistry is controlled largely by oxidation state. More oxidized 
conditions lead to the stability of manganese oxyhydroxide solid phases which precipitate as 

Site Obseivational Work Plan for Monument Valley, Ariwna DOWGrand Junction Office 
Page 5-50 June 1998 



Document Number U0018100 Site Conceptual Model 

coatings on sand particles. Less oxidized conditions, typically occurring in fetid swampy areas, 
will dissolve Mn-oxyhydroxide phases and mobilize Mn. 

Little Mn was extracted from any of the subpile soil samples with deionized water (Figure 5-15). 
Manganese concentrations increased in the soil samples when treated with ground water 
suggesting that the soils may have oxidized the dissolved Mn to form Mn-oxide precipitates or 
that Mn was adsorbed (Table 4-5). Manganese was removed from all soils by 5-percent HCl and 
during total digestion. There are no obvious differences between the amounts of Mn leached 
from the on-site soils and those of the background areas (Figure 5-15). In fact, the shallowest 
sample in background boring 869 had the second highest HC1-leachable Mn. 

The total amount of Mn in the on-site soils ranged from 32 to 328 milligrams per kilogram 
(mgkg) whereas the background soils contained 85 to 225 mgkg (Table 4-8, Figure 5-15). All 
of the samples contain significantly less Mn than the earth's crustal average of 950 mg/kg 
(Table 4-8). It is concluded that concentrations of site-related Mn are not significant in the 
subpile soils and it is unlikely that there is a contribution to ground water. 

Ammonium 

Ammonium is typically found as a structural ion in feldspars and as an exchangeable ion in 
smectitic clays. In clays, it has a preference over most other cations for interlayer exchange sites. 

Soil boring 866 from beneath the new tailings pile is anomalous in leachable NH,, most of which 
was leached by deionized water (Figure 5-16). The soils at 866 were strongly altered compared 
to any other borings. The alteration consisted of deep yellow and red-brown coloration probably 
due to the abundance of iron oxides and oxyhydroxides; clay minerals are also present. This 
alteration may be an artifact of interaction with mill processing fluids. No contaminants of 
potential concern (COPCs) were clearly associated with this altered zone. 

The extractable NH, from boring 866 ranged from 137 to 310 mgkg whereas the values from 
background ranged from 7 to 9 mgkg (Table 4-8, Figure 5-16). These values suggest that a 
leachable source of ammonium exists beneath the former new tailings pile. This source, however, 
does not underlie the entire former new tailings pile as indicated by lower levels observed in 
borings 864 and 865. The evaporation pond may also be a source for some NH4 as indicated by 
leachable concentrations up to 3 1 mgkg. 

In the altered soils of boring 866 the ammonium is probably either adsorbed to oxyhydroxide - . . 
mineraloids or in ion-exchange sites on clay mineris. The high concentrations (up to 310 mgkg) 
in 866 compared to background (9 m&g) and average crustal concentrations (less than . - -. - 
26 mgkg; see Table 4-8), indicate that the NH, originated from mill processing fluids. This NH, 
ma'y be oxidizing in the shallow soil environment and contributing NO, to ground water. 

During the uranium milling operation, fluids high in NH, content may have seeped into some of 
the soils underlying the tailings. Because of its ability to partition to mineral phase, NH4 would 
have built up relatively high soils concentrations as it established an equilibrium distribution 
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with this fluid. As fresh water percolates through the soils, it will leach the NH,. Concentrations 
will decline over time. 

Nitrate 

Nitrate is usually mobile in ground-water systems. Nitrate can be produced by oxidation of 
reduced forms of nitrogen. Nitrate can also be reduced by the action of microbes. 

Some nitrate was leached from all soil samples by deionized water (Figure 5-17). No distinct 
patterns were present. Boring 866, which had high NH, concentrations, also had relatively high 
NO, (up to 1,157 mg/kg); however, one of the background samples (869-4) had a similar 
concentration (941 mglkg). Most of the NO, in 866 and in background sample 869-4 was 

leachable with deionized water. 

Most of the NO, concentrations, including those in background samples, exceed the average 
concentration in the earth's crust (less than 89 mg/kg) suggesting that much of the nitrate is 
anthropogenic or due to shallow soil microbial processes. The amount of NO, leached by 
deionized water was higher on average in the soils beneath the site than in background soils 
indicating that some nitrate is probably due to the milling process. The nitrate may be the result 
of oxidation of NH, that has been fixed in cation exchange sites. 

Sulfate 

Sulfate is usually mobile in ground-water systems. With high concentrations of Ca under high 
evaporation conditions, gypsum (CaSO, 2H20) can form. Gypsum is soluble and will readily 
redissolve upon contact with more dilute water. 

Up to 9,190 mg/kg of SO, was leachable by deionized water from soils beneath the mill site 
(Figure 5-18). The soils under the evaporation ponds and the new tailings pile have higher 
concentrations of sulfate than the heap-leach or background areas. There appears to be higher 
SO, near the ground surface as illustrated by the depth profiler for borings 851,864, and 866 
(Figure 5-1 8). 

The sulfate is probably due to the presence of gypsum as indicated by its ability to readily leach 
in deionized water. No gypsum was identified in thin sections despite an effort to retain gypsum 
by cutting the sections in oil. The small amount (less than 1 percent) of gypsum could have been 
missed, however. Alkali salt deposits containing gypsum appear as white crusts and are common 
in the desert environment near Monument Valley. While there appears to be an increased 
concentration of SO, in the soils near the mill, SO, concentrations of this magnitude are probably 
not uncommon in nearby uncontaminated areas. 

Strontium 

Strontium is relatively mobilein ground water, however, it will substitute for calcium in 
carbonate and sulfate minerals. 
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Strontium concentrations in samples from the millsite are similar to or lower than those from the 
background samples (Figure 5-19). The maximum concentration (1 12 mgkg) was observed in 
background soil sample 869 and is lower than the average value for the earth's crust of 
375 mgkg (Table 4-8). 

Little Sr was extracted by deionized water or ground water; most of the extracted Sr was during 
the HCl step. Strontium often substitutes for calcium in calcite which would first dissolve during 
the HCl leaching. Thus, it is reasonable that the Sr is contained in carbonate minerals. 

The occurrence of Sr in a non-water leachable form and at higher concentrations in background 
than on site indicates that is it unlikely that subpile soils are contributing Sr contamination to 
ground water. 

Uranium 

Uranium is mobile in most ground water due to the presence of aqueous carbonate, a strong 
complexing agent. Uranium often is sequestered by adsorption to Fe oxyhydroxides contained in 
soils. Under strong reducing conditions it can precipitate as uraninite (UO*). 

No U above the detection limit was extracted by deionized water (Figure 5-20, Table 4 4 ) .  The 
5-percent HCl leach was the most effective at removing U. Only two samples (851-2 and 8684)  
had U concentrations above the average crustal concentration of 1.8 mgkg (Table 4-8). The 
extractability of U in the 5-percent HCl leach suggests an association with ferric oxyhydroxides. 

With the exception of boring 851, and possibly 868, the millsite samples are comparable in U 
composition to background samples. While some subpile soil U may be millsite related, as - 

suggested by the elevated concentration in boring 851, the concentrations are not appreciably 
higher than background. It is unlikely that the subpile soils are contributing significant amounts 
of U to ground water. 

Vanadium 

Vanadium is often adsorbed by iron and manganese oxyhydroxides under ground-water 
conditions. It also substitutes for cations in clay minerals and in manganese oxides. Under 
strongly reducing conditions vanadium minerals will precipitate. 

Vanadium concentrations in the subpile soils are elevated over the background samples 
(Figure 5-21). Two samples from a boring at the evaporation ponds have concentrations of 202 
and 142 mgkg which are slightly higher than the crustal average of 135 mgtkg; all other 
concentrations are below the crustal average (Table 4-8). Much of the V is leachable in 
deionized water. 

Similar to U, boring 851 from the evaporation pond area has elevated V concentrations. Unlike 
U, however, the V leachable by deionized water in sample 851-2 (127 mgkg) is over 98 times 
the highest background value, which is at the detection limit of 13 mgkg (Table 44). 

DOWGrand Junction OIfice Site Observational Work Plan for Monument Valley, Arizona 
June 1998 Page 5-57 





9 "Y~$$~-?g-g'?X . - T 3 2 m m  ~~gcY~~~~~~ 
V ) L O V ) w w w w w w w  w w w w w w w w w w % 8 8 % 8 % 8 % % % % % % k k k  

I Evaporation Pond I 
I I I I 1 I 

New Tailings Pile Heap Leach Pads 1 I Background 

Figure 5-20. Uranium 





DocumentNumber U0018100 Site Conceptual Model 

These data suggest that the subpile soils may be contributing some V to the ground-water 
system. Since no V is present in the near field ground-water system, the V contribution must 
either be small or the V is reabsorbing to the aquifer sediments. 

Subpile Soil Summary 

Leaching experiments on subpile and background soils indicate that Mn, Sr, and U are probably 
not being leached from subpile soils at concentrations that will contaminate ground water. 
Sulfate appears to have elevated concentrations in the subpile soils but this observation may 
result from an inadequate sampling of the background soils. Vanadium concentrations are 
elevated in the subpile soils but do not appear to be contaminating ground water. 

Ammonium is anomalously high over at least a 6.5 ft interval at one location in soils beneath the 
northern portion of the former new tailings pile. NH4 does not have an MCL, however, it can 
oxidize to NO,, which does have an MCL. NH, may have persisted at the millsite due to its 
strong affinity for ion exchange sites, while NO, would have readily flushed out. It is possible 
that the NH4-rich soils are generating NO, which then enters the ground-water system. The 
sampling was too sparse to determine the lateral extent of the NH4-rich soils. 

5.3.3 Nature and Extent of Contamination 

Although some ground-water contamination of the relatively soluble components of the ore 
probably occurred during the mechanical processing period from 1955 to 1964, the majority of 
ground-water contamination probably resulted from discharged process chemicals used during 
operation of the mill from 1964 to 1967 (Section 3.2). 

Ground-water contamination from the mechanical processing would have occurred at the former 
mill and old tailings pile (Figure 3-1). The old tailings pile was composed of the sand tailings 
which were a residual product of the mechanical upgrading of ore. The upgrading process used 
water that contained a minor amount of flocculents but no other processing chemicals. Thus, 
tailings solutionsin the old tailings pile basically were water-equilibrated to minerals in the ore. 
Old tailings were placed on the adjacent heap-leach pad and sulfuric acid added to the tailings. 
The heap-leach pads were lined to collect the leachate that contained sulfuric acid. 

Process chemicals contributing sulfate, nitrate, and ammonium to the ground-water 
contamination would have occurred at the new tailings pile. The new tailings pile contained both 
sand tailings and processing solutions. Immediately to the east of the new tailings pile was an 
evaporation pond. The specific purpose of the evaporation pond is unknown, but it may have 
been used to retain seepage from the new tailings pile (Figure 3-1). 

5.3.3.1 Impact to the Alluvial Aquifer 

The most recent water quality results are summarized in Table 5-8 for all on-site and 
downgradient alluvial monitor wells. The range in natural background for each constituent, based 
on the upgradient water quality results previously presented in Section 5.3.1.3, is included in 
Table 5-8 for comparison. 
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Table 5-8. Comparison of On-Site and Downgradient Ground Water to Natural Background 
Ground Water Quality in the Alluvial Aquifer 

b~r i~hmet id mean basedon most currenisamp~in~; one.half the aelectfon lhm/t used fo; values belovr detection. 
'Minimum to maximum value detected: c indicates value below tne deleclion limil. 
dMonitor well location containing the maximum observed concentration. 
'Percent of on-site and downgradient sample results that exceed the upper range in natural background ground water. 
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Ammonium, calcium, nitrate, and manganese are the site-related constituents most prevalent in 
the alluvial aquifer as indicated by the relatively high frequency (greater than 50 percent) of 
samples that exceed the upper range in natural background (Table 5-8). Other site-related 
constituents are present at concentrations above the upper range in natural background, however 
they occur less frequently. For example, sulfate exceeds the upper range in natural background in 
approximately 44 percent of samples, while magnesium exceeds 41 percent, potassium 35 
percent, iron 33 percent, uranium 29 percent, strontium 24 percent, and gross alpha 12 percent. 

Ammonium and nitrate also provide the greatest contrast to natural background concentrations in 
the alluvial ground water. That is, the maximum ammonium concentration of 254 mgL detected 
in.ground water collected at monitor well MON-606 is 423 times the upper range in natural 
background. The maximum nitrate concentration of 1,030 m a ,  also detected in ground water 
collected at MON-606, is 22 times the upper range in natural background. 

Maximum concentrations of calcium, magnesium, and sulfate occur at moderate levels between 
5 to 11 times the upper range in natural background. All of these maximum concentrations were 
detected in water collected from monitor well MON-771. 

Maximum concentrations detected for potassium, strontium, uranium, and gross alpha occur at 
levels that are less than 5 times the upper range in natural background. The maximum potassium 
and strontium concentrations were detected in water from monitor well MON-771 while the 
maximum uranium and gross alpha concentrations were detected in water from monitor well 
MON-774. 

Nitrate and uranium are the only site-related constituents that exceed a MCL. Nitrate frequently 
exceeds the 44 mgL MCL while uranium only slightly exceeds the 0.044 mgL MCL at one 
isolated location (MON-774). 

Alluvial ground water collected from the two most contaminated locations, monitor wells 
MON-606 and MON-771, is chemically similar to the tailings pore fluids in that the water 
contains much greater proportions of calcium and sulfate than are present in background alluvial 
ground water (Figure 5-22). Other chemical similarities to the tailings pore fluids exist. For 
example, the chloride concentrations in the plume waters are also notably low (5 to 106 mg/L) 
and consistent with the range observed in natural background alluvial ground water (10 to 
125 m a ) .  This combination of relatively high sulfate concentrations due to the addition of 
sulfuric acid to the process solutions, and chloride occurring in concentrations that are consistent 
with the range in natural background, results in relatively high sulfate-to-chloride ratios for the 
portion of the alluvial aquifer that is contaminated. The maximum sulfate-to-chloride ratio of 112 
detected in ground water collected at monitor well MON-771 is approximately 9 times the upper 
range in natural background. TDS concentrations in the alluvial plume average 1,506 mgL and 
range from 232 to 5,800 mgL; values which are relatively higher than background waters. On 
average, the water pH is above neutral (pH 7.6) and the redox condition is oxidizing (oxidation- 
reduction potential 95 mV). 
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Figure 5-22. Piper Diagram of Contaminated Alluvial Ground-Water Chemistry I 

Areal Extent of Contamination in the Alluvial Aquifer 

Nitrate is especially useful as an indicator chemical to discriminate site-related contaminated I 

ground water from alluvial background waters because it occurs in relatively low concentrations I 

in background ground water (Section 5.3.1.3), is associated in relatively high concentrations with 
the former tailings pore fluids (Table 5-7), and is highly mobile in alluvial ground water under I 

almost all conditions, thus it is a conservative estimate of the extent of site-related I 

contamination. The MCL allowable for nitrate contamination at a DOE facility of 44 mg/L is 
considered to be representative of the boundary of contamination and is considered sufficient for 
use in defining the maximum extent of site-related contamination in the alluvial aquifer 
(DOE 1997~). 

I 
I 

The maximum areal extent of contamination in the alluvial aquifer is revealed by examining 
nitrate results from ground-water samples collected using the Hydropunch direct-sampling 
method during the 1997 ESC field investigation (Section 4-2). The highest nitrate concentrations I 

obtained at locations where multiple Hydropunch samples were collected to vertically profile the 
plume are presented in Figure 5-23 in order to map the greatest lateral and longitudinal extent of 

' I 
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Figure 5-23. Distribution of Nitrate Concentrations in the Alluvial Aquifer 
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contamination. Nitrate results obtained from water samples collected from several hand-auger 
borings and from the most recent ground-water sampling campaign are also presented in 
Figure 5-23 to obtain the most comprehensive coverage possible. 

It is apparent from the 44 m g L  nitrate boundary delineated in Figure 5-23, that the leading edge 
of the plume has migrated approximately 4,500 ft (0.85 miles) north of the former mill site. The 
northerly direction of plume migration is consistent with the direction of the ground-water flow 
in the alluvial aquifer (Figure 5-4). A linear ground-water flow velocity of 150 ftlyear is 
estimated assuming nitrate contamination first entered the alluvial aquifer at the start of the 1967 
milling operation (4,500 W30 years). 

A mass of relatively high nitrate is delineated by concentrations greater than 500 mgL which 
begins near the former new tailings pile and extends approximately 2,600 ft (0.5 miles) 
downgradient. Thus, the primary source of nitrate contamination in the alluvial aquifer appears to 
be related to process fluids draining from the former new tailings pile with lesser amounts of 
contamination contributed by leakage from the evaporation pond to the east and from the former 
old tailings pile and heap-leach areas to the west. 

Sulfate concentrations in the alluvial aquifer exhibit a similar geochemical dispersion pattern as 
nitrate. The sulfate plume, revealed in Figure 5-24 by concentrations greater than 600 mgL, also 
appears to originate near the downgradient edge of the former new tailings area. Uranium, 
calcium, and strontium also tend to be mobile in the alluvial ground water under the conditions at 
the site, as indicated by their respective downgradient concentrations presented in Figures 5-25, 
5-26, and 5-27, respectively. Similarly, ammonium concentrations (Figure 5-28) exhibit a 
downgradient dispersion pattern, however the dispersion is less extensive, reflecting the removal 
of ammonium from solution by adsorption on the aquifer matrix. Distribution of other 
site-related constituents such as manganese and vanadium presented in Figures 5-29 and 5-30, 
respectively, do not exhibit a downgradient migration pattern in the alluvial aquifer. 

Vertical Extent of Contamination in the Alluvial Aquifer 

The vertical extent of contamination in the alluvial aquifer is best visualized by examining the 
concentration profiles presented in Figures 5-3 1,5-32, and 5-33. Nitrate concentrations 
(Figure 5-23) measured in ground-water samples obtained by the Hydropunch method during the 
most recent site characterization and analytical results from the most recent ground-water 
sampling campaign were used to prepare the concentration profiles. Cross-section A to A' 
(Figure 5-31) starts at the former new tailings area and continues approximately 6,6004 north to 
the most downgradient monitor well MON-650. The highest nitrate concentration of 1,030 m g L  
occurs in alluvial ground water at monitor well MON-606 located near the former new tailings 
area. Nitrate concentrations decrease to the 44 mgL MCL approximately 4,500 ft north 
(downgradient) near monitor well MON-762, defining the maximum downgradient longitudinal 
extent of the plume. 

Nitrate concentrations tend to gradually increase as a function of depth in the most downgradient 
area of the plume. This is evident at locations MON-683 and MON-762 where the nitrate 
concentration of 25 mgL detected near the top of the aquifer progressively increases first to 
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38 mg/L near the middle of the aquifer and then to 5 1 mg/L at the bottom of the aquifer. 
Conversely, closer to the former new tailings source area the nitrate concentrations tend to 
gradually decrease as a function of depth in the aquifer. For example, at MON-765 and 
MON-677 the highest nitrate concentration is 792 m a  detected near the top of the aquifer. 
Concentrations progressively decrease first to 726 mg/L and 641 m g L  in water samples 
collected fiom the middle of the aquifer and then to 475 mg/L nitrate at the bottom of the aquifer. 
It is also apparent in the cross-section A to A' that the alluvial ground water from the entire 
saturated section located between the former new tailings area at MON-606 (approximately 10 ft 
in thickness) to downgradient monitor well MON-653 (approximately 50 ft  in thickness) is 
contaminated above the 44 mg/L nitrate MCL. 

Downgradient lateral dispersion of the nitrate plume to the west of the site is limited by the 
Shinarumv sandstone where the alluvial water intersects the Shinarumv in subcrop as shown in . 
cross-section B to B' (Figure 5-32). Along this western edge of the plume, for example at 
location MON-669, the nitrate concentrations are close to the 44 MCL. Dilution of the plume 
water from surface recharge along the west margin of Cane Valley, where the eastward dipping 
Shinarump sandstone crops out, probably contributes to these relatively low concentrations. 

The lateral downgradient extent of contamination in the alluvial aquifer to the east of the site is 
identified in cross-section B to B' by the non-detectable nitrate concentrations observed in water 
samples collected at locations MON-768 and MON-860. These non-detectable nitrate 
concentrations vrovide evidence that the vlume does not extend under Cane Valley Wash. A 
similar relationship is observed near the downgradient leading edge of the plume as shown in 
cross-section C to C' Figure 5-33) where non-detectable nitrate concentrations are associated , - 
with ground-water samples collected at eastern locations MON-760, -698, and -697. 

The maximum width of the plume defined by the nitrate concentrations profiled in cross-section 
B to B' is approximately 2,500 ft, as measured from just west of monitor well MON-669 to the 
mid-point between MON-678 and MON-768. In addition, the concentration profiles indicate 
that the saturated alluvium across the entire width of the plume is contaminated above the 
44 mg/L nitrate MCL. Because the aquifer matrix consists mostly of stabilized eolian dune sands 
with only minor amounts of fluvial material, the distribution of the contaminant plume does not 
appear to be controlled by a specific lithologic horizon (e.g., clay unit). Similarly, a preferential 
contaminant flow path does not appear to be associated with the buried paleovalley to any great 
extent. For example, a faint trace of the western edge of the paleovalley is suggested by the shape 
of the bedrock surface between MON-679 and MON-765 (cross-section B to B'). Erosion of the 
Shinarump sandstone by the ancestral Cane Valley Wash drainage provides an alternate 
explanation for this discernable bedrock slope. In any case, the presence of a clearly defined 
erosional paleovalley controlling contaminant migration is not evident. 
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Figure 5-24. Distribution of Sulfate Concentrafions in the Alluvial Aquifer 
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Figure 5-25. Distribution of Uranium Concentrations in the Alluvial Aquifer 
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Figure 5-26. Distribution of Calcium Concentrations in the ANuvial Aquifer 
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Figure 5-27. Distribufion of Strontium Concentrations in the Alluvial Aquifer 

DOEKirand Junction Ofiice Slte Obsewarional Work Plan for Monument Valley, Artzona 
June 1998 Page 5-75 



This page intentionally left blank 

 



Document Number U0018100 Site Conceptual Model 

- Former Source Area 

Ammonium (mgll) 

0 - 2 5  

2 5 - 5 0  

.-.,w.-.%".,.a-7-- 

Figure 5-28. Distribution of Ammonium Concentrations in the Alluvial Aquifer 
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Figure 5-29. Distribution of Manganese Concentrations in the Alluvial Aquifer 
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Figure 5-30. Distribution of Vanadium Concentrations in the Alluvial Aquifer 
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Figure 5-31. Alluvial Plume Cross Section A to A' 
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Plume Migration Trends 

Downgradient migration of nitrate contamination in the alluvial system is evidenced by 
examining nitrate concentrations versus time for ground-water samples collected at selected - - 

locations along the longitudinal axis of the plume. Nitrate concentrations, measured over a 
9.3-year period (April 1988 to August 1997) in water samples from monitor wells MON-606, 
-655, and -653, are shown in Figure 5-34. Monitor well MON-606 is located near the 
downgradient edge of the former new tailings pile, MON-655 is located near the centroid of the 
nitrate plume, and monitor well MON-653 is located at the leading edge of the 500 mgL nitrate 
boundary. Results for monitor well MON-606 located near the former source area, and monitor 
well MON-655 located near the centroid of the high nitrate concentrations, both indicate a 
decreasing trend in nitrate concentrations since 1988. Conversely, concentrations at the leading 
edge of the 500 mgL nitrate boundary (MON-653) indicate an increase in nitrate concentrations; 
31 mgL in 1988 to 125 mgL in 1997. This translates to an approximate historical rate of 
increase of 10 mg/L nitrate per year at location MON-653 ([I25 - 31 m a ]  / 9.3 years). 

1,400 -- 
Source Area - Monitor Well 606 

1,200 

s 
E - 800 -- Centroid of Plume - Monitor Well 655 

8 ' 600 -- \ * A y\.* * 

Leading Edge of Plume - Monitor Well 653 
200 \ 

Aug-87 Dec-88 May90 Sep-91 Jan-93 Jun-94 Oct-95 Mar-97 Jul.98 

Sample Date 

Figure 5 3 4 .  Nitrate Concentration Versus Time for Selected Monitor Wells Located 
Along the Longitudinal Axis of the Alluvial Plume 

Similarly, the sulfate plume appears to be migrating downgradient of the former new tailings 
area. This is evidenced by examining sulfate concentrations versus time for ground-water 
samples collected at selected locations along the longitudinal axis of the plume. Sulfate analyses 
in water samples collected over a 9.3-year period (April 1988 to August 1997) from monitor 
wells MON-606, -655, and -653, are shown in Figure 5-35. Measurement results for monitor 
wells MON-606 and MON-655, located closest to the former source area both indicate a 
decreasing trend in sulfate concentrations since 1988. Conversely, concentrations at the 

DOWGrand Junction Office 
June 1998 

Site Observational Work Plan for Monument Valley, Arizona 
Page 5-89 



Site Conceptual Model Document Number U0018100 

downgradient monitor well MON-653 indicate an increase in sulfate concentrations; 1,060 m g L  
in 1988 to 1,630 mgL in 1997. 
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Monitor Well 653 

500 -- 
Source Area - Monitor Well 606 

0 4 I 

Aug-87 Dec-88 May90 Sep-91 Jan-93 Jun-94 Oct-95 Mar-97 Jul-98 
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Figure 5-35. Sulfafe Concentration Versus Time for Selected Monitor Wells Located 
Along the Longitudinal Axis of the Alluvial Plume 

Volume of Contaminated Alluvial Ground Water 

Estimates of the volume of contaminated ground water in the alluvial plume are based on the 
areal and vertical distribution of nitrate concentrations discussed previously. Separate estimates 
are presented for (1) the mass of relatively high nitrate concentrations delineated by the 
500 mg/L boundary which begins near the former new tailings pile and extends approximately 
2,600 ft (0.5 miles) downgradient and (2) nitrate concentrations between 500 m g L  and the 
44 mg/L MCL. ~ s s u m ~ t i o n s  used in the calculations are presented with the estimated 
contaminant volumes in Table 5-9. 

Table 5-9. Estimated Volume of Contamination in the Alluvial Aquifer 
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5.3.3.2 Impact to the Shinarump Bedrock Aquifer 

Ground water from the Shinarump aquifer is not significantly impacted by site-related 
contamination. Supporting evidence is provided by the most current ground-water sampling 
results presented in Table 5-10 for downgradient Shinarump monitor wells MON-659 and 
MON-660. The range in natural background for each constituent, based on the upgradient water 
quality results previously presented in Section 5.3.1.4, is included in Table 5-10 for comparison. 
Results obtained at monitor well MON-614 are not included in Table 5-10 because the screen 
filter pack spans across both the alluvium and Shinarump sandstone and therefore water from this 
location is not representative of the Shinarump Member. Results are not available for on-site 
monitor wells MON-607 and MON-609 because the wells are dry. 

The most recent sampling data presented in Table 5-10 demonstrate that concentrations of 
uranium and nitrate do not exceed the upper range in natural background at any location. Several 
other site-related constituents do exceed the upper range in natural background, however the 
maximum concentrations observed for these constituents are all relatively low; 0.5 mgL 
ammonium, 25.9 mgL calcium, 130 mgL sulfate, and 5.9 pCin  radium-226. No constituent 
occurs in concentrations that exceed any MCL or at concentrations that present a health risk 
(Section 6.0). 

Further evidence supporting the unlikeliness that site-related contamination is significantly 
impacting the Shinarump aquifer is provided by water-level measurements and ground-water 
sampling results obtained for monitor well pairs MON-606 (alluvium) and MON-659 
(Shinarump) which are installed approximately 100-ft downgradient from the former new 
tailings area (Figure 5-3 1). A comparison of site-related contaminant concentrations and water 
elevations for the well pair is presented in Table 5-1 1. The data indicate that only ground water 
from the alluvial monitor well MON-606 contains site-related contamination; the highest levels 
of nitrate (1,030 mgh)  detected in the most contaminated portion of the plume. In addition, 
water-level measurements indicate a neutral to slight upward hydraulic gradient in the Shinarump 
Member, which would limit downward migration of contaminants from the alluvium. 

Table 5-11, Chemical and water ~ e v e l  Measurements Obtained at Alluvial and Shinarump 
Monitor Well Pairs 

11 MON-606 Alluvium 1.030 ' 674 a 4,829.5 II 
Water Elevation 

(ft amsl) 
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Table 5-10. Comparison of Downgradient Ground Water to Natural Background 
Ground Water Quality in the Shinarump Aquifer 
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A similar situation exists further downgradient at monitor well pair MON-653 (alluvium) and 
MON-660 (Shinarump) which are installed near the center of the leading edge of the most 
contaminated portion of the alluvial aquifer (Figure 5-3 1). At this paired location, water from the 
alluvial monitor well MON-653 contains 1,630 mg/L sulfate which is one of the highest sulfate 
levels detected in the plume (Figure 5-23) while the underlying Shinanunp from 
monitor well MON-660 contains sulfate concentrations that are consistent with natural 
background. Water-level measurements at this well pair location also indicate an upward 
hydraulic gradient from the deeper Shinarump to the alluvium, further demonstrating the 
unlikeliness that site-related contamination is present in the Shinanunp aquifer. 

5.3.3.3 Impact to the De Chelly Bedrock Aquifer 

Ground-water samples collected from the De Chelly aquifer do not exhibit wide spread 
site-related contamination. This is evidenced by the most current sampling data presented in 
Table 5-12, which summarizes on-site and downgradient water quality. The data demonstrate 
that concentrations of site-related constituents such as ammonium, nitrate, potassium, strontium, 
vanadium, radium-226, and radium-228 do not exceed the upper range in natural background at 
any on-site or downgradient location. Other constituents such as magnesium and sulfate occur in 
one instance at concentrations only slightly above the upper limit of natural background. 

Calcium and uranium are the only site-related constituents that occur frequently above natural 
background in the De Chelly aquifer. Calcium concentrations exceed the upper limit in natural 
background only in water collected from on-site monitor wells (MON-657, -618, -619, and 
-776) located near the former old tailings pile. The maximum calcium concentration of 
56.5 m a ,  which is only twice the upper limit of natural background (28.6 mgk), was detected 
in monitor well MON-657. 

Uranium is present at concentrations above the upper limit in natural background in ground water 
collected at MON-664, -657, -619, and -776 (Figure 5-36). The maximum uranium 
concentrations are present at monitor wells MON-657 (0.067 mgk)  and -619 (0.053 m a ) ,  
however these maximum values only slightly exceed the 0.044 m g L  uranium MCL. Monitor 
wells MON-657 and -619 are located approximately 40043 apart in an area once occupied by the 
old tailings pile. The western portion of the former old tailings area is underlain by a buried 
paleovalley approximately 120 ft deep where Quaternary material rests in direct hydrologic 
contact with the Hoskinnini Member of the lower Moenkopi Formation, as shown on the 
geologic cross-section D to D' (Figure 5-37). The medium- to coarse-grained Hoskinnini 
sandstone provides a hydrologic connection with the underlying De Chelly aquifer. A recent 
aquifer test confirmed the presence of a hydrologic connection between the alluvial and 
De Chelly aquifers in this region of the site (Section 4.6). Ground-water samples collected from 
MON-657 and -619 which are completed in the De Chelly aquifer, while having slightly 
elevated uranium concentrations, have relatively low concentrations of mill-related constituents 
such as nitrate and sulfate. This suggests that the water used for size separation of the ores during 
the mechanical processing period from 1955 to 1964 may be the source for the elevated uranium 
in the De Chelly aquifer. Generally, the upward hydraulic gradient in the De Chelly aquifer has 
prevented downward migration of process waters. However, the hydraulic gradient has locally 
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Table 5-12. Comparison of On-Site and Downgradient Ground Water to Natural Background 
Ground Water Quality in the De Chelly Aquifer 

Downgradient  
Analyte Background RangeC 

Calcium 1 818 1 27.4 ( 11.756.5 1 6.34-28.8 
Chloride 1 818 1 7.0475 1 3.22-9.78 3.1 1-34.7 
Maonesium I 8 1  I 7 n 4 ~ 7 6  1 R 7-3fi 4 I R 17-11 CI I I  

H 
-- . . . . -. -. . . .-. . ."" I , , -  .,-- 
Metal (mglL) 
Aluminum 1 4/7 1 01714 1 c 1-3 I I 

Nitrate 
Potassium 
Sodium 
Slllfita 

~ ~ , - ~ -  
'~rithmetic mean base0 on most currenisarnpl~ng; one.half the detection llmit used for values below detection 
'Minimum to maximum value detected; c indicates value below the detection limit. 
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818 
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Figure 5-36. Distribution of Uranium Concentrations in the De Chelly Aquifer 
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Figure 537. Uranium Concentration Profile D to D' 

been reversed when production well MONd19 was pumped to supply water for the milling 
operation. Currently, the production wells are no longer in operation and the upward gradient has 
reestablished. 

Cross-section D to D' graphically illustrates how elevated uranium in the alluvial aquifer may 
have been introduced into the De Chelly as a result of pumping production well MON-619. This 
model is supported by the aquifer test previously discussed in Section 4.6 and by examining the 
uranium concentrations observed in water samples collected from the surficial aquifer adjacent to 
MON-619. For example, monitor well MON-774 is installed in the alluvium approximately 
95 ft west of MONd19. The uranium concentration of 0.069 m a  detected in water from this 
alluvial well is consistent with the 0.053 m a  uranium concentration detected in water from the 
De Chelly well MON-619, suggesting the alluvial water is the source of the elevated uranium. It 
is notably important that the water level in the alluvium is below the contact between the 
Shinarump sandstone and the Moenkopi Formation, thereby eliminating the possibility that 
contaminated process water was also drawn into the Shinarump when MON-619 was in 
production. 

Although the pumping of well MON-619 to supply processing water for the milling operations 
may have actively drawn contaminated ground water from the alluvial aquifer into the De Chelly 
Sandstone the area of impact is small, isolated, and the concentrations are below any level that 
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would pose a significant health risk (DOE 1996b). The limited areal extent and isolated nature of 
the slightly elevated uranium concentrations occurring at MON-619 and -657 is shown in 
Figure 5-36. It is evident from the limited areal extent of the plume that the uranium 
concentrations decrease to below the MCL at monitor well MON-776, located 70 ft  upgradient 
from well MON-619. Similarly, downgradient uranium concentrations decrease to natural 
background levels within a short distance from MON-657. This is evidenced by the low uranium 
concentration of 0.003 mglL detected in ground water sampled from monitor well MON-775, 
which is located approximately 400 ft  downgradient from monitor well MON-657. 

Monitor well MON-775 is situated along the axis of the paleovalley, at the most downgradient 
extent where the Shinarump Member and most of the Moenkopi Formation have been eroded 
away, allowing water from the contaminated alluvial aquifer to be in direct hydrologic contact 
with the De Chelly Sandstone Member. However, concentrations of site-related constituents 
observed in the De Chelly aquifer at this downgradient location are consistent with natural 
background concentrations, indicating that the overlying alluvial water is not impacting the lower 
De Chelly aquifer. An upward hydraulic gradient in the De Chelly aquifer prevents downward 
migration of water from the alluvium to the De Chelly. 

In summary, production well MON-619 can be considered an isolated point source for the 
elevated uranium concentrations observed in the De Chelly aquifer. As shown in Figure 5-38, 
uranium concentrations in ground water collected at MON-619 have declined significantly since 
the well was pumped during an aquifer test in 1993, indicating that the De Chelly aquifer is 
diluting the concentrations by naturally flushing the uranium downgradient. Uranium observed in - 
downgradient well ~ 0 ~ 6 5 7  exhibita similarpattern of decreasing uranium concentration 
versus time. Uranium concentrations in the De Chelly are expected to continue to decrease with 
time as the aquifer dilutes and flushes the uranium downgradient. 
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Figure 5-38. Uranium Concentration Versus Time for De Chelly Bedrock Wells Located 
Near the Former Old Tailings Area 
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5.3.3.4 Impacts to Cane Valley Sediments 

Table 5-13 presents chemical results for sediment samples collected along Cane Valley Wash 
and a tributary downgradient of the frog ponds at locations MON-620, -624, -626, and -627 
(Figure 5-39). For comparison, concentrations observed in background sediments and soils 
collected upgradient of the frog ponds and the former mill site (see Section 5.3.1.2) are also 
presented in Table 5-13. The data indicate that sediments along Cane Valley Wash have not been 
impacted by the milling activities. For example, examination of chemical results in Table 5-13 
for sediments collected at Cane Valley Wash locations MON-624,426, and -627, and at 
location MON-620 tributary drainage, indicates no notable differences in sediment chemistry - - 
from natural background. Sulfate concentrations are notable in the background samples and at 
the downstream sample collected at location MON-624, which reflect the accumulation of 
natural sulfate salts in the sediments due to evaporation and transpiration. 

Table 5.13. Comparison of Selected Constituents in Sediments along Cane Valley Wash 
to Background Sediments 

ions MON-523, -869, and -870. 
CNA = not analyzed. 

5.3.3.5 Impacts to Cane Valley Waters 

Shallow Alluvial Ground Water: Nitrate and sulfate concentrations are elevated in a plume 
extending north from the site (Figures 5-23 and 5-24). The plume is a result of mill-related 
fluids that entered the ground water at the site and have migrated northward. In addition to the - - 
mill-related sulfate plume, there are several wells in the alluvium in the nearby Cane Valley 
Wash area that have high sulfate concentrations. These include wells MON-200, -407, -605, - 
-640, -687, and -855 with sulfate concentrations of 543; 1,210: 1,550; 686; 500; and 
1,500 m&, respectively. The elevated sulfate concentrations in the cane valley Wash wells are 
believed to be due to effects of evaporation and are not related to the mill. Justification for this 
interpretation is provided below. 

The ratios of sulfate-to-chloride concentrations vary depending on if the source is related to past 
millsite activities or if it occurs naturally. Tailings fluids were enriched in nitrate and sulfate but 
had relatively low chloride concentrations as exemplified by the chemistry of the tailings 
solutions collected from the new tailings pile and the evaporation pond (Table 5-7). New tailings 
pile water collected from a lysimeter contained 4,510; 530; and 20 mg/L of sulfate, nitrate, and 
chloride, respectively. Evaporation pond water contained 1,610; 570; and 45 mg/L of sulfate, 
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Figure 5-39. Downgradient Cane Valley Wash Soil and Surface Water Sample Locations 
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nitrate, and chloride, respectively. Because of the high sulfate-to-chloride ratios in the tailings 
fluids, contamination caused sulfate concentrations to increase with little effect on the chloride 
concentration. 

This is shown in the recent characterization data. Sulfate-to-chloride ratios are distinctively 
differe~t between the plume area and the Cane Valley Wash area (Figure 540) .  
Sulfate-to-chloride values greater than 10 define an area similar to the sulfate and nitrate plumes. 
The ratios are higher in the plume area than in the Cane Valley Wash area. 

The different ratios can easily be seen when sulfate concentrations are plotted against chloride 
concentrations for the most recent alluvial ground-water samples (Figure 541) .  Plume-related 
ground water is distinguished on the figure by having nitrate concentrations of over 44 m&. 
The plume-related ground-water samples are clearly distinguishable from the background 
samples by their high sulfate and low chloride concentrations. Samples with elevated sulfate and 
chloride concentrations, but with nitrate concentrations of less than 44 mglL, can be explained by 
an evaporation model. Samples that have the lowest concentrations of sulfate and chloride are 
assumed to represent water that has been relatively unaffected by either evaporation or 
contamination from the mill site. Two dilute ground-water compositions covering the range of 
sulfate-to-chloride ratios were selected to represent this unaltered water ("dilute waters 1 and 2" 
on Figure 541) .  Evaporation will cause both sulfate and chloride concentrations to increase. The 
evaporation of the two dilute waters is bracketed by a shaded area on Figure 5 4 1 .  All of the low 
nitrate ground waters fall within the range modeled by the evaporation trends. These waters are 
indicative of background conditions along Cane Valley Wash. 

Because of the high sulfate-to-chloride ratio in tailings water, ground water that is contaminated 
by mill-tailings fluids plot above the evaporation trends (Figure 5-41). If tailings fluid from the 
new tailings pile is added to the dilute background water (the analysis is shown for "dilute water 
1" but would be similar if "dilute water 2" were used), sulfate concentrations increase with very 
little increase in chloride concentration, and thus plot along a nearly vertical line. Because the 
sulfate-to-chloride ratio is lower for the evaporation pond fluid, the addition of this water to 
"dilute water 1" produces compositions that fall along a more inclined line but still distinct from 
the evaporation trends. All but two of the high-nitrate ground waters fall within the range 
modeled by the addition of contaminated water from the new tailings pile or evaporation pond. 
The high sulfate-to-chloride ratios are indicative of water that has been contaminated by the 
milling fluids. 

Relatively high sulfate concentrations exist upgradient fkom the site where it could not have been 
contaminated by the mill fluids (for example, wells MON-200 and MON-640 have sulfate 
concentrations of 543 and 668 m a ,  respectively). These elevated background sulfate 
concentrations, together with the distinct evaporation signature, indicate that the elevated sulfate 
concentrations in Cane Valley Wash result from evaporation of uncontaminated water. 

Surface Water: The uranium MCL was exceeded in at least one surface-water sample collected 
from locations MON-621, -622, -624, and -627 (Figure 5-39) from the most recent sampling 
(Table 5-14). The highest observed concentration of uranium is 0.0647 mg/L. No other COPCs 
exceeded MCL concentrations. For those COPCs that do not have MCLs, concentrations are 
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generally low, except sulfate which had a concentration of 2,060 mg/L at sampling location 
MON-627 in 1996. Sulfate concentrations vary considerably in Cane Valley Wash. Sulfate has 
had elevated concentrations at some surface sampling locations sporadically during their 
sampling history. The elevated concentrations are attributed to evaporation. 

Table 5-14. COPC Concentrations Obse~ed  in Surface Water 

The effects of evaporation are seen in the sulfate-to-chloride ratios which range from 1 to 5.7 in 
surface water (Figure 5 4 0 ) .  These ratios are consistent with the values (less than 10) for shallow 
alluvial ground water along Cane Valley Wash (Figure 5 4 0 ) .  The evaporation signature of the 
surface waters is readily observed on a sulfate-to-chloride diagram (Figure 5 4 1 ) .  

The elevated uranium concentrations may also be due to evaporation as observed on a plot of 
uranium-to-chloride. With the exception of one point, the uranium-to-chloride ratio in surface 
location 627 parallels the sulfate-to-chloride ratios suggesting that evaporation is a cause of the 
uranium concentrations (Figure 5 4 2 ) .  However, the entire Cane Valley area was the scene of 
mining, milling, and uranium exploration activity for many decades and some uranium in surface 
water could have come from tailings or ore-related materials dispersed in the soils. 
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- Former Source Area 

s u l f a  to Chloride Ratio in Surface Water 
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in the Alluvial Aquifer and in Surface Water 

Figure 5-40. Distribution of Sulfate-to-Chloride Ratio in the Alluvial Aquifer and in Surface Water 
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5.3.4 Fate and Transport of Ground-Water Contaminants 

Site-related contaminants are subject to dispersion and dilution by ground-water transport and 
attenuation by radioactive decay and various chemical reactions, including oxidatiodreduction 
reactions, precipitation and coprecipitation, adsorption onto the aquifer mineral surfaces, cation 
exchange, and biologically controlled oxidatiodreduction reactions. The mobility or potential for 
attenuation depends on the chemical species of ions in the aqueous environment. The chemical 
species present in natural systems are a function of pH, Eh, and the concentrations of various 
anions and cations. The predominant species of the site-related constituents identified as 
occurring in the alluvial aquifer at concentrations above natural background were predicted using 
the geochemical model PHREEQE (Parkhurst et al. 1980, DOE 1996d). The dominant solution 
species are summarized in Table 5-15. 

Table 5-15, Dominant Solution Species in the Alluvial Ground Water 

Ground-water quality data provide insight into the fate and transport of site-related contaminants 
in ground water at the site. Several constituents identified in the tailings solutions are absent or 
occur at much lower levels in the contaminated ground water, due to reactions of these 
contaminants with the aquifer matrix. Contaminants present in tailings solutions, but absent 
(below detection) in ground water at the site, are trace metals including antimony, chromium, 
cobalt, copper, molybdenum, and nickel. Contaminants in tailings solutions that are greatly 
attenuated, but detectable above background, are ammonium, radium-226, uranium, and 
vanadium. Contaminants that are at levels in ground water similar to those in the tailings 
solutions are major cations and anions (calcium, nitrate, magnesium, chloride, potassium, 
strontium, and sulfate). 

Dispersion and precipitation reactions control concentrations of the major cations and anions 
such as calcium, iron, magnesium, nitrate, potassium, silica, sodium, strontium, and sulfate. 
Precipitation/dissolution reactions will occur'in the portion of the plumes closest to the former 
tailings piles. Precipitation reactions currently are active because the: shallow ground water in this 
zone is oversaturated with gypsum. With the tailings piles removed, the ground water sulfate 
concentrations will decrease, allowing gypsum to redissolve. Dissolution will buffer sulfate and 
calcium concentrations until the gypsum is exhausted. At this point, dilution with background 
water will lower sulfate and calcium concentrations. 
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Cation exchange reactions with clays and oxidation to nitrate perhaps, mediated by bacterial 
action, will decrease ammonium concentrations. Dispersion and adsorption mainly will decrease 
manganese, uranium, vanadium, and zinc concentrations. 

5.4 Ecology 

This section discusses the results of the ecological investigation (Section 4.7) with respect to the 
feasibility of phytoremediation and native plant farming. 

5.4.1 Feasibility of Phytoremediation and Native Plant Farming 

DOE plans active remediation of ground-water constituents that exceed EPA standards or pose a 
risk to human health and the environment at Monument Valley. High nitrate levels, as high as - 
1,200 mg/L in the alluvial aquifer, exceed the EPA standard f i r  nitrogen (equivalent to mg/L 
nitrate). Residual ammonium in soils and substrates where the'tailings viles were removed - A 

(subpile soils) may be a continuing source of ground water nitrate (Section 5.3.2.2). DOE is 
evaluating phytoremediation of alluvial aquifer nitrate and of subpile soil ammonium as possible 
comuonents of an active ground-water remediation strategy for the site. DOE is also evaluating a - -. - 
native plant farming alternative; pumping and treating high-nitrate ground water by using it to 
irrigate and fertilize revegetation plantings (Baumgartner et al. 1996). 

This section provides background information concerning plant extraction and fate of ground 
water and soil nitrogen, discusses the feasibility of phytoremediation and native plant farming 
alternatives, and presents the objectives of a proposed phytoremediation and native plant farming 
pilot study. 

5.4.1.1 Background Information 

Plant Extraction and Fate of Nitrogen in Ground Water and Soil 

Nitrogen (N) is an essential macronutrient for the growth of higher plants. Nitrate (NO,) and 
ammonium (NH,') in soils and ground water are the most common plant-available forms of N in 
arid and semiarid ecosystems (Coyne et al. 1995). Utilization of NO, by higher plants involves 
the uptake, storage, translocation, and incorporation of N into organic forms. Most N uptake is 
through roots, although foliar uptake may also occur. N taken up from soil by the roots of 
terrestrial plants is either in the NO3- form or the NH,' form. NO, and NH,' are taken in through 
the epidermis of plant roots and into the symplast of cortical and endodermal cells by way of a 
combination of passive diffusion and active transport which requires expenditure of energy. 

Once in the plant, NO, is reduced to ammonia (NH,) or NH,' either in the root or after it is 
transported up the xylem into the leaves. NO3- may be stored in cell vacuoles for a period of time 
before it is reduced.-~eduction of NO3- is driven by photochemical energy captured through 
photosynthesis. The NH, or NH,' is converted to amides and, through reactions catalyzed by 
transfeiases, amides are converted to amino acids. The amino acidske the building blocks for - 
complex nitrogenous compounds in the plant protoplasm including proteins, chlorophyll, growth 
regulators, alkaloids, nucleosides, nucleotides, and nucleic acids. 
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Understanding the fate of N bound in live plant protoplasm is important for an evaluation of 
phytoremediation. Some N is lost as NH3directly from plants through stomates to the 
atmosphere. However, most N is returned to the soil either by death and decay of plant tissue or 
via grazing animals. Most N in terrestrial ecosystems resides in soil orggic matter. Bacteria and 
fungi decay dead plant protoplasm (litter) producing amino acids and other soil organic residues. 
This soil organic matter is eventually converted to NH,' and NH, by amnifying bacteria. N in 
plant biomass ingested by grazing animals is excreted in urine or feces and then rapidly 
hydrolyzed to NH,'. 

N that has been returned to the soil as NH,' and NH, is either taken up again by higher plants, 
used as an energy source by nitrifying bacteria, forming NO3-, or lost through volatilization and 
leaching (Coyne et al. 1995; Barbour et al. 1987). A combination of high temperatures and dry 
soil, common at Monument Valley, can result in substantial volatilization of NH,. The potential 
for leaching of NH,', NH,, and NO3- is a function of the soil water balance which depends to a 
great degree on vegetation condition. Without plants, up to 50 percent of precipitation may be 
available to move N compounds back towards the ground water in arid and semiarid ecosystems 
(Gee et al. 1994). However, very little if any leaching would be expected where vegetation in 
good condition returns precipitation to the atmosphere via ET (evaporation from leaf and soil 
surfaces). 

Phytoremediation Feasibility 

Data to evaluate the feasibility of using phytoremediation as one possible component of the 
cleanup strategy were collected during 1997 (Section 4.7). Greasewood (Sarcobatus 
vermiculatus) and founving saltbush (Atriplex canescens) are both deep-rooted shrubs presently 
growing over most of the alluvial nitrate plume (Figure 543). Greasewood is an obligatory 
phreatophyte; its presence is evidence that it is rooted in the plume. In general, the gradient from 
a greasewood-dominated plant community to a founving saltbush-dominated community from 
southeast to northwest across the plume (see Figure 4-15) is correlated with increasing depth to 
ground water. However, the greasewood and founving saltbush stands are currently in poor 
condition because of historical overgrazing. Also, part of the greasewood stand may have been 
sprayed with herbicides during the surface remediation activity. 

Evidence from rooting depth literature, photograph comparisons, and plant succession in 
disturbed areas all support the premise that by (I) increasing the abundance and expanding the . . 

distribution of greasewood and other phreatophytes; and (2)protecting phreatophy;e 
from grazing, phytoremediation can contribute significantly to cleanup of nitrate in the alluvial 
aquifer. The greasewood and founving saltbush populations already cover a large portion of the 
plume area (~igure 543).  A review of rooting-depth literature (e.g., Nichols 1993; 
Branson et al. 1981) indicates that the plume is potentially within reach of greasewood roots. A 
comparison of recent and old photographs shows that the greasewood population may be a 
consequence of milling activities, that the population has spread over the past 15 years, and that 
plants growing in the plume area are much larger than plants growing outside the plume area, 
apparently a response of nitrate fertilization. Greasewood and founving saltbush plants have been 
established and have grown rapidly within the fenced area that was disturbed during surface 
remediation only 3 years ago. This is evidence that (1) planting greasewood and founving 

DOWGrand Junction Office 
June 1998 

Site Observational Work Plan for Monument Valley, Arizona 
Page 5-109 



Site Conceptual Model Document Number U0018100 

saltbush may accelerate population expansion into other disturbed (bladed and overgrazed) areas 
of the plume; and (2) relatively high productivity (and nitrate uptake) is possible if plants are 
protected fkom grazing. 

Phytoremediation of ammonium and nitrate in subpile soil may also be feasible. High 
ammonium and nitrate occurred in one hand-augered soil boring in the northern portion of the 
new tailings pile area (Section 4.5). While ammonium is not a COPC, ammonium in subpile soil 
may generate nitrate that could enter the ground-water system. Successful revegetation of subpile 
soils with a diverse mixture of deeper-rooted shrubs and shallower-rooted grasses and forbs may 
control this potential source of ground-water nitrate (Schnoor et al. 1995). Vegetation in good 
condition would extract ammonium and nitrate and create a favorable soil water balance. In arid 
ecosystems, ET from healthy vegetation can prevent leaching of contaminated soil (Weand and 
Hauser 1997). 

Native Plant Farming Feasibility 

DOE is also investigating the feasibility of a native plant farming alternative as a component of 
the cleanup strategy for Monument Valley. The concept involves pumping the nitrate- 
contaminated alluvial aquifer for a productive use; specifically, to irrigate planted areas. In this 
way, nitrate the ground wafer contaminant becomes nitrate the fertilizer as it is taken into the 
nitrogen biogeochemical cycle of the terrestrial ecosystem (see background information section 
above). 

The feasibility of native plant farming rests on several factors. Uncertainty associated with well 
installation and production rates are addressed in Section 8.0. Here we address the following 
ecological uncertainties: 

Land suitability for irrigation, 

Soil salinization from high sulfate and other soluble salts in the plume water, 

Effects of high nitrate and sulfate levels on plant survival, species composition, species 
diversity, plant abundance, and productivity of planted areas, and 

Feasibility of managing the soil water balance and limiting deep leaching of nitrates and 
sulfates. 

Arable land classification is addressed below. The potential for soil salinization because of high 
sulfates and other soluble salts in plume water, effects of irrigation water constituents on plant 
growth and development, and the feasibility of controlled irrigation to manage the soil water 
balance, will be addressed in the phytoremediation and native plant farming pilot study. 
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Phytoremediation 

Vegetation Mapping Units 

SAVEIATCO (1) .f 

Figure 5-43. Potential Phytoremediation and Native Plant Farming Areas with Respect to Plant 
Associations 
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Arable land classification in arid regions is primarily concerned with soil depth, soil water 
retention, soil permeability, soil chemistry (salinity, sodicity, and alkalinity), percent coarse 
fragments, and topography. Soils overlying the plume and in revegetation areas at Monument 
Valley range from a loamy sand, with about 70 percent fine sand, 25 percent silt, and less than 
5 percent clay, to dune sand with greater than 90 percent fine sand, less than 5 percent silt, and 
virtually no clay (Table 4-12). The "field capacity" of these soils should fall between about 
7 and 12 percent volumetric water content (e.g., Brady 1974). The permeability of these soils 
averages about 1.0 x lo4 cmls (Table 4-11). These soils are deep, have very few coarse 
fragments, and slopes do not exceed 8 percent. Salinization would not be expected for these 
deep, coarse-textured soils under normal irrigation practices. 

Overall, based on an arable land classification system used by the Navajo Nation and the BIA 
(Appendix E), the soils in the plume and revegetation areas do not fall into the highest class but 
are suitable for irrigation of a native forage crop (e.g., Glenn et al. 1998). 

Phytoremediation and Native Plant Farming Pilot Study 

DOE is developing a pilot study to acquire plant ecology data needed for an evaluation of 
phytoremediation and native plant farming alternatives for ground-water remediation at 
Monument Valley (Figure 5-43). The pilot study design addresses the following uncertainties: 

1. Survival and growth of existing and transplanted greasewood and founving saltbush in four 
sections of the plume: tailings removal area, bladed soil borrow area, rangeland areas 
currently lacking phreatophytes, and rangeland areas currently with overgrazed 
phreatophyte populations. 

2. Productivity, water-use efficiency, nitrate uptake rates, and nitrate fractionation (organic and 
inorganic) in both mature and immature phreatophyte stands that are both protected and 
unprotected from grazing. 

3. Survival and growth of planted rangeland vegetation in ammoniurn-contaminated subpile 
soils. 

4. Productivity, water-use efficiency, ammonium uptake rates, and soil water balance for 
planted rangeland vegetation in the ammonium-contaminated subpial soils. 

5. Effects of irrigation of revegetation and transplant areas with high-nitratelhigh-sulfate 
plume water on (a) plant species composition and abundance; (b) soil nitrogen levels; 
(c) soil salinity and sulfate levels; and (d) water storage and water infiltration depths. 

The phytoremediation and native plant f m i n g  alternatives require an irrigation system to 
deliver high-nitrate plume water to plantings. The irrigation system design will satisfy the 
following objectives: 

1. Strategic pumping of nitrate plume water to slow plume dispersion and to reduce nitrate 
level in water that is inaccessible to phreatophytes. 
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2. Water delivery at an optimum frequency and volume to enhance survival and growth of all 
plantings. 

3. Controlled irrigation with the dual purpose of limiting surface accumulation of sulfate and 
other soluble salts, and limiting deep leaching and return of nitrate aid sulfate to the alluvial 
aquifer. 

Finally, DOE recognizes that any manipulation of the terrestrial ecology will change the land 
resource. An important objective of the phytoremediation and native plant farming pilot test is to 
select the plant species and land management practices that will provide sustained range 
improvement. However, any and all planned range improvements, whether pilot scale or large 
scale, will not be implemented without prior approval of the Navajo Nation and local residents of 
Cane Valley. 
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6.0 Risk Assessment 

The 1996 BLRA evaluated the potential public health and environmental risks of ground water 
contamination caused by activities at the former Monument Valley processing site (DOE 1996b). 
Since the completion of this document, additional characterization data and results of a study on 
plant update are now available to update the BLRA. This section summarizes the results of the 
original BLRA and then provides an update, based on the more recent information. 

6.1 Human Health Risk Assessment 

As with other UMTRA ground water sites, the BLRA serves as the basis for risk information. 
Sections 6.1.1 and 6.1.2 summarize the results of the BLRA for Monument Valley. The BLRA 
was based on characterization data collected fiom 1988 to February 1993. More recent analytical 
results are available for this site, and they provide an opportunity to evaluate the effect of 
changing site conditions on risks. Section 6.1.3 updates the BLRA using the more recent 
analytical data. 

Ground water is the sole source of domestic water (water used for drinking, bathing, and other 
household purposes) in the Monument Valley area. Domestic well users upgradient of the site 
and several domestic wells downgradient of the site have not been impacted by the contaminant 
plume. The depth to ground water is shallow in some areas near the site (i.e., Cane Valley Wash). 
In the areas where ground water reaches the surface, ponds form that are accessed by people and 
animals. However, these areas have not been impacted by the contaminated ground water; 
therefore, complete exposure pathways to contaminated ground water discharging to the surface 
water and sediment do not exist. 

Currently, no one uses the contaminated ground water and, therefore, there are no complete 
exposure pathways or human health risks for ground water. However, future use of the 
contaminated ground water is possible. Evaluation of potential future use indicates certain health 
risks could occur if the contaminated ground water (i.e., ground water within the most 
contaminated portion of the plume) were ingested as drinking water. 

6.1.1 Contaminants of Potential Concern 

COPCs are contaminants that could cause adverse health effects if taken into the body. COPCs 
for human health were selected on the basis of comparison to background data, acceptable 
nutritional and dietary ranges, and toxicity benchmarks. A constituent was placed on the initial 
list if it was detected in concentrations that exceeded background levels in monitoring wells at 
the 0.05 level of significance and if the site is a likely source for the contaminant. Fifteen 
chemicals were identified in concentrations above background: ammonium, calcium, chloride, 
iron, magnesium, manganese, nitrate, potassium, silica, sodium, strontium, sulfate, uranium, 
vanadium, and zinc. 

This initial list of site-related constituents was fkrther evaluated for toxicity to human health 
using the health-based criteria. Several constituents, although present above background, were 
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screened from the list because their concentrations are within an acceptable nutritional rate or at a 
level of low toxicity and relatively high normal dietary intake compared to the value detected. I 
Chloride, iron, potassium, and zinc were removed from the list because they are found at 
acceptable nutritional requirement levels. Constituents considered to be of low toxicity andlor 
high normal dietary intake that were eliminated from the list are ammonium, calcium, 
magnesium, silica, and sodium. 

i 
All remaining constituents on the list were considered COPCs because of their potential toxic 
effects if ingested. These contaminants were evaluated quantitatively in the risk assessment: 
nitrate, sulfate, manganese, strontium, vanadium, and uranium. Of these contaminants, uranium 

I 

is the only carcinogen. 
I 

Five exposure routes were evaluated for their potential adverse health effects: ground water 
ingestion and dermal contact, the ingestion of garden produce irrigated with contaminated 
ground water, and the ingestion of milk and meat from livestock watered with ground water from 
the contaminated aquifer. Toxicity due to exposure from these exposure routes was evaluated by 1 
calculating the exposure dose, using the upper 95 percent confidence limit of the mean 
concentration in ground water. The significant risk contributors by exposure route were I 

identified by calculating a ratio of these exposure doses to the exposure dose from ground water 
ingestion (as drinking water). Ground water used as a sole source of drinking water was 
determined to contribute the most significant potential future risk relative to the other exposure 
pathways. Therefore, only the ingestion of contaminated ground water was further evaluated in I 
the BLRA. 

I 
Probability distributions for contaminant concentrations and exposure variables were integrated 
to estimate the range of contaminant exposure doses people could ingest from a hypothetical well 
constructed in the most contaminated portion of the plume. Filtered water quality data from 1988 
to 1993 from DOE monitor well MON-655 were used to evaluate on-site levels of contaminants 
in the alluvial aquifer. The estimated amounts of contaminants a child could ingest through 1 
drinking water were compared to toxic effects anticipated for each contaminant at these amounts. I 

Children (1 to 10 years) were evaluated for these exposure scenarios because children consume 
relatively more water than adults and, consequently ingest a higher contaminant dose than adults. I 

However, when a subpopulation was identified as more sensitive to exposure to certain 1 
contaminants, that population was evaluated. For the Monument Valley site, infants have been 
identified as the population most sensitive to sulfate and nitrate. Adults were evaluated for the I 
carcinogen uranium, because carcinogens are evaluated over a lifetime of 70 years. 

6.1.2 Potential Public Health Impacts 

The most serious noncarcinogenic health risks from ingesting ground water at this site would 
result from nitrate. Some degree of methemoglobinemia (the interference of the oxygen-canying 1 
capacity of the blood) could occur with any infant consumption of nitrate in ground water at this 
site. Severe diarrhea in infants could be expected from sulfate exposure. Manganese levels could I 
cause mild neurological symptoms such as irritability and speech disturbances. More than 1 .  
99 percent of the strontium and vanadium exposures fell below any levels where any 
noncarcinogenic toxic effects have been observed in humans. The entire range of uranium I I 
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exposures fell below any level where noncarcinogenic toxic effects have been observed in 
humans. 

6.1.3 BLRA Update 

Risk is estimated by evaluating concentrations of the contarnin&ts in ground-water exposure 
(exposure factors such as the number of liters ingested per day of drinking water) and the toxicity 
of the COPCs. The purpose of this update is to evaluate changes in these areas (if any) and then 
evaluate if all the COPCs should be retained and the potential overall impact to human health. 

Additional analytical results (contaminant concentrations) became available after the original 
BLRA (DOE 1996b) was completed. Table 6-1 presents a comparison of the analytical results 
used in the BLRA to the more recent analytical results. 

Table 6-1. Comparison of New Data with Data Used in the BLRA at Downgradient Wells (mgA) 

BLRA UMTRA I to M e d i a n  I Trend of 11 
C O P G s  I MCL I Median 1 Maximum I Median I Maximum B L R A  Data M e d i a n  

I 
Manganese N A 0.13 0.17 0.19 0.31 1 1.5 ( increase 1 

BLRA Downgradient Most R e c e n t  Ratio of 
Dataa I DowngndientDalab I I 11 
I Recent Data 

'Nitrate, strontium, sulfate, and uranium are from well MON-655, while nitrate and manganese are from well MON-606 The most 
recant data incl~des ally data collected after February 1993 (the date of the last sampling round used in the BLRA) to the present 

Nitrate 

Strontium 

Sulfate 

Uranium 

Vanadium 

Table 6-1 shows that manganese and nitrate show an increasing trend in the median 
concentration, vanadium has not changed, and strontium, sulfate, and uranium are decreasing. 
However, concentrations for all COPCs using the more recent data have remained similar to the 
concentrations listed in the BLRA. 

Since the completion of the BLRA, several new wells have been added to better characterize the 
plume. In some cases, new data from these new wells have yielded higher concentrations than the 
data from the wells used in the BLRA. A comparison of the BLRA data and the most recent data 
fiom all wells (see Table 5-8 for a complete data summary) is presented in Table 6-2. 

The BLRA used data from well MON-655 or MON-606. 

44 

N A 

N A 

0.044 

0.01 

Table 6-2 shows higher maximum concentrations have occurred in the new wells for strontium, 
sulfate, uranium, and vanadium. In all cases, concentrations have increased by a factor of five or 
less. Maximum concentrations for manganese and nitrate are still occurring in well MON-606. 
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Table 6-2. Sampling Results Using All Available Wells (mgk) 

Well used Maximum Concentratlon I Well with I Maximum Concentration 
Maximum from 

Most Recent Data' Concentration Most Recent S a m ~ l i n a ~  11 
- 

11 Manganese I MON-606 I 0.31 I MON-606 I 0.21 11 
Nitrate 

Strontium 

Sulfate 

Uranium 

Vhese are data collected from the most recent round of sampling (August 1997). 
- 

IVanadium I MON-655 I 0.0013 

The BLRA used standard default assumptions. These same assumptions are still valid and are 
commonly used to evaluate risks to human health. 

MON-606 

MON-655 

MON-655 

MON-655 

Some toxicity values have been updated since the BLRA was completed. Table 6-3 lists the 
toxicity values used in the BLRA vs. the recent data from the Integrated Risk Information 
System (IRIS) (EPA 1998). IRIS, which is managed by EPA, provides the most up-to-date 
toxicity information. No changes have occurred for most COPCs; however, toxicity values for 
manganese and nitrate have been updated. 

This is the maximum concentration from data collected between March 1993 and August 1997. 
MON-772 

Table &3. Comparison of Toxicity Benchmarks for Noncarcinogen9 

1.590 

2.88 

2,140 

0.027 

0.0054 

MON-606 

MON-771 

MON-771 

MON-774 

COPC 

Manganese 

Nitrate 

1,030 

4.95 

3.540 

0.069 

This is for elemental uranium, which is a noncarclnogen (does not cause cancer). However, the isotopes of uranium cause cancer, 
which is not accounted for in this comparison of RfDs. 
dlRIS does not provide an updated value forvanadium. 

Target Organ or Effect 

Central nervous system 

Blood 

Strontium Bone 

UraniumC 

Vanadium 
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0.6 

N A Sulfate 

Reference Dose Used 
in Original BLRA 

0.005 

7.0 

Gastroenteritis 

The toxicity benchmark for these compounds is the reference does or RfD. Risk (expressed as a hazard quotient) is estimated by 
dividing intake (mghgday) by the RfD (mghgday). Therefore, as the RfD increases, the risk decreases. 
bObtained from IRIS on February 24, 19DB. 

Body weight loss, moderate 
nephrotoxicity (kidney) 

Liver, kidney, nervous 
system, cardiovascular 

0.6 

N A 

Most Recent 
from 

IRISb 

0.014 

1.6 ~~~- --~.. 

No change 

N A 

0.003 

0.007 

on 
Risk 

Decrease 

Increase 

0.003 

NAd 

No change 

Assumed no 
change 
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6.1.4 Impacts on the COPC List 

Because of the changes in contaminant concentrations and toxicity benchmarks, it is useful to 
evaluate if all the COPCs listed in the BLRA should be retained. After this final screening of 
COPCs they will be referred to as contaminants of concern (COCs). To provide a consistent 
update to the BLRA, only data comparisons from the same wells used in the BLRA are 
evaluated. However, the data from the more recent wells will also be evaluated when elimination 
of a COPC is being considered. 

The compounds that show a decrease in downgradient concentration data from the wells used in 
the BLRA are sulfate, uranium, and strontium. IRIS does not list toxicity information for sulfate 
and it is found at relatively high concentrations; therefore, it must be retained as a COC. Uranium 
showed a minor decrease in median concentration, it is clearly associated with uranium milling, 
and causes both noncancer and cancer effects. For these reasons, uranium is retained as a COC. 
Strontium showed decreasing concentration and is not normally associated as a contaminant from - 
uranium milling. Although the median concentration of vanadium did not change, the maximum 
concentration decreased. Therefore, this could possibly be eliminated as a COC. To evaluate if 
strontium and vanadium should be retained as COCS, iisks associated with strontium were 
reevaluated using standard equations and assumptions from the BLRA and EPA (1989). 
Evaluations for strontium and vanadium are presented in Appendix F. 

Manganese is the only COPC that had a change in toxicity that may result in it being eliminated 
from the final COC list. Appendix F evaluates if manganese should be retained as a COC. 

Appendix F shows that the elimination of manganese, strontium, and vanadium from the COPC 
list will have little impact on the total site risks. Therefore, it is appropriate to eliminate those 
compounds from the final COC list. Therefore, the final COCs are nitrate, sulfate, and uranium. 

6.1.5 Updated Impacts on Risks from Ingestion of Ground Water 

Nitrate-The concentrations of nitrate in well MON-655 (defined as the plume in the original 
BLRA) have increased slightly, but are very similar to the concentrations listed in the BLRA. 

However, EPA has revised the reference dose (RfD) to indicate that nitrate is more toxic than 
previously thought (at the time of the BLRA). The revised hazard quotient (HQ) for nitrate is 
28.4, which is significantly greater that the other quantifiable COCs. 

Sulfate-IRIS (EPA 1998) still does not list an RfD for sulfate. However, EPA Region 8 has 
recently proposed toxicological risk-based concentration for sulfate (Henningsen 1997). The 
recommendation is for a-concentration ranging from 1,500 parts per million (ppm) to 2,000 ppm 
depending on the confidence in site-specific risk assessment consideration and other 
uncertainties. 

Uranium-Uranium is both a noncarcinogin and a carcinogen. The concentration in the plume 
(defined as well MON-655 in the BLRA) shows a decreasing trend. Using the recent maximum 
concentration, uranium has an HQ of 0.25. 

DOF/Grand Junction OfIiffi 
June 1998 
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Since the completion of risk assessment the carcinogenic toxicity factor for uranium has 
changed. Based on this change, the increased individual lifetime cancer risk for uranium in the 
alluvial aquifer is estimated to be 2E-05, or 2 chances in 100,000 of developing cancer. For the 
maximum concentration of uranium detected in the De Chelly Sandstone (0.13 m a ) ,  the 
estimated risk level is 1E-04, or 1 chance in 10,000 of developing cancer. The estimated risk 
levels fall into the upper end of EPA risk range for carcinogens of 1E-04 to 1E-06 (1 chance in 
10,000 to 1 chance in 1,000,000 of developing cancer). EPA's risk range is used for 
Comprehensive Environmental Response, Compensation, and Liability Act sites. Actions to 
mitigate risks within the risk range are generally within the discretion of the risk managers, based 
on site-specific factors (40 CFR Part 300). 

6.1.6 Ingestion of Contaminated Plants 
- 

The BLRA recommended that the potential contaminant uptake by plants rooted into ground 
water or irrigated with ground water be investigated further. This corresponds to two potential 
human exposure pathways: 

(1) Ingestion of produce irrigated with water pumped from the contaminated aquifer, and 

(2) Cultural uses of plants rooted into or irrigated with conatminated ground water. 

This subsection evaluates these pathways. 

6.1.6.1 Ingestion of Contaminated Produce 

Residents living near the Monument Valley site use well water to irrigate vegetable gardens. 
Currently, no irrigation wells access contaminated ground water. Plant uptake of contaminants 
from irrigation water and subsequent ingestion of contaminated produce is a potential future 
exposure pathway. The BLRA (DOE 1996b), lacking literature on contaminant uptake by garden 
vegetables, did not evaluate this pathway. 

The University of Arizona's Environmental Research Laboratory conducted a 2-year study to 
acquire plant uptake data needed for risk assessments at UMTRA sites (Baumgartner et al. 1996). 
The study started with a synthesis of pertinent literature concerning uptake and interactive effects 
of metals, nitrates, rind sulfates. Overall, the literature review found that water-to-plant and 
soil-to-plant concentration ratios for some UMTRA constituents are highly variable and 
dependent on plant species and soil and water chemistry. DOE funded greenhouse studies to 
evaluate concentration ratios for manganese, molybdenum, selenium, and uranium, and to test 
metal uptake responses to a range of nitrate concentrations. The greenhouse studies progressed 
through two phases: tests with simulated ground water contamination, and tests using actual 
ground water from the Tuba City, Arizona, site (Baumgartner et al. 1996). Some of the results 
were applicable to the Monument Valley risk assessment. 

Table 6-4 summarizes an evaluation of the produce ingestion pathway at Monument Valley. The 
list of human health COPCs matches the BLRA (DOE 1996b), except for vanadium. The 
maximum background concentration exceeded the alluvial aquifer concentration, therefore, 

Site Observational Work Plan for Monument Valley, Arizona WVCnand Junction Office 
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vanadium was removed from the list. Estimates of maximum crop levels of COPCs are used for a 
screening assessment of the produce ingestion pathway. 

Table &4. Estimated Maximum COPC Concentrations h the Alluvial Aquifer and 
in Irrigated Produce for the Produce Ingestion Pathway at Monument Valley 

I Max GW 1 Max I Max C r o ~  I 11 
COPCn Levelb Level Levelc Notes 

(mglL) Well ( P P ~ )  I 
Manganese 0.21 I I The maximum crop level is inferred from the response 

function for Mn uptake in a root crop 
(Baumgartner et al. 1996). 

Nitrate 

Strontium C Im 1 1 0 G 7 1  I <5.000d I The expected maximum crop level is for total S, not 
sulfate (Baumgaltner et ai. 1996). 11 

6 ,000 Baumgartner et al. (1996) indicate that crop tissue levels 

11 Uranium I 0.069 

<5.0 

M0N-774 I O f  I The maximum crop level is inferred from the literature 
search and the response function for U uptake in root 
crop derived in the greenhouse 

of NO3 peak at about 1,000 mg/L of NO, in irrigation 
water; crop tissue levels dropped at about 2,000 mglL 
NO, in water. These crop levels are comparable to levels 
in fertilized produce (Brown and Smith 1966; 
Peck et ai. 1971). 

The expected plant-to-soil concentration ratio for Sr is 
less than I (Kabata-Pendias and Pendias 1992). 

( (~aum~artner et a{.-1996). 11 
The list of COPCs. minus vanadium. Is from the human health evaluation. Table 3.8 in DOE (1996b). On-site levels of vanadium 
did not i&ed background level and it was removed from the COPC llst. 
Maximum ground-water level for nitrate is from 1988-1993 data (Table 3.7 In DOE 1996b) ail others from 1997 data (Table H). 

'Maximum c r o ~  concentrations are estimates based on either the literature review or the plant uptake study by 
~aumgartner 81 al. (1996). 
aTotal sulfur In crop tissue. 

6.1.6.2 U p d a t e  on Po ten t ia l  Exposure  t o  G a r d e n  Produce  

The original BLRA did not evaluate ingestion of contaminated garden vegetables because 
information on plant uptake was not available. However, based on the recent University of 
Arizona study (see Section 5.4.1 .l) maximum contaminant concentrations in crops are now 
available (see Table 6-4). Using these data and standard exposure factors from the literature, a 
screening-level evaluation of potential risks from this pathway was conducted (see Appendix G). 
The results are summarized below: 

Contaminant Maximum C r o ~  Concentration fmalkq) Hazard Quotient 

Manganese <50 ~ 0 . 2 6  

Nitrate <5,000 ~ 2 . 2  

Strontium c5.0 <0.006 

Uranium <O.l <0.02 

DOWGrand Junction Oftice 
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The ingestion of contaminated produce is a minor contributor to total risks compared to ingestion 
of contaminated ground water (risks from ingestion of contaminated produce are 2.5 percent of 
the risks from contaminated water using standard default exposure factors and assuming the 
same concentrations). However, the ingestion of garden produce can become important when 
contaminants bioconcentrate in the edible portion of produce. The only contaminant that appears 
to significantly bioconcentrate is manganese. This is the only contaminant that has a higher HQ 
from ingestion of garden produce than ingestion of ground water; however, the sum of these 
HQ's is still less than 1.0. 

Of the contaminants that could be quantified as part of the food ingestion pathway, only nitrate I 

exceeded 1.0. Nevertheless, the food ingestion pathway results in a HQ of less than 10 percent of 
the drinking water ingestion pathway (2.2 vs. 28.5). However, this serves to confirm the 
importance of nitrate as a dominant COC. I 

An HQ for sulfate could not be quantified. However, only limited bioconcentration is occurring 

5,000 mglkg of plant tissue 
or <1.4 

3,540 mglkg of water 

Therefore, the ingestion of food crops (using irrigation water fiom the contaminated aquifer) will 
not add significantly (less than 4 percent) to the total risks for sulfate (1,500 to 2,000 ppm). The 
risk range identified by EPA Region VIII did not include ingestion of garden vegetables irrigated 
with contaminated ground water. However, because of the safety factors associated with the EPA 
estimate and the limited contribution from ingestion of garden produce, the EPA Region VIII 
guideline will still be protective of human health. 

6.1.6.3 Cultural Uses of Native Plants i 
The Navajo people traditionally gather wild plants for many purposes in everyday life; for food, 
for medicine, for religious ceremonies, and for tools. Many plant uses are prescribed through I 

century-old rituals. Others are adaptations to more recent changes in the landscape and I 

vegetation. Some wild plants of the semiarid plateau country, called phreatophytes, send their 
roots into shallow aquifers. If used for cultural purposes at Monument Valley, phreatophytes 
could potentially access and bioaccumulate ground-water contaminants. Bioaccumulation could 1 
also occur in shallow-rooted wild plants if contaminated ground water were oum~ed for - - . . 
irrigation, inadvertently as part of a rangeland improvement project, or as a consequence of the 
native plant farming alternative. Traditional uses of phreatophytes or plants irrigated with plume 
water could potentially cause adverse human exposure. People who use contaminated plant 
tissues for food, medicine, and ceremonial burning could be exposed via ingestion, inhalation, 
and dermal pathways. The BLRA (DOE 1996b) did not evaluate these pathways because site- 
specific plant ecology and plant uptake data were not available. i 

I 

Table 6 5  lists and describes cultural-use plants growing over contaminated ground water at the 
Monument Valley site. The list includes Navajo and English common names as well as scientific 
nomenclature. The list is a subset of the comprehensive plant list for the site (Table 4-21). The 

i 
selection of species and descriptions of cultural uses were summarized from Mayes and Lacy 
(1989) and from discussions with the staff of the Navajo Nation's Historic Preservation I 

Site Observational Work Plan for Monument Valley, Arizona DOWGrand Junction Oflice I 
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Department in Window Rock, Arizona. Only two species are likely rooted into the contaminated 
alluvial aquifer: Sarcobatus vermiculatus and Atr ip lex canescens. The remaining species would 
be exposed to contaminants only if irrigated. 

Table 6-5. Navajo Cultural Uses of Plants Growing on the Reclaimed Tailings Area and Plume Area 
at the Monument Valley Site 

WE/Qrand lunction Office 
June 1998 

Plant Namea 

Azee' ntrinl (gummy medicine) 
Scarlet giobemallow 
Sphaeralcea coccinea (Pursh) Rydb. 

Azee' htrbldzid (rotten medicine) 
Threadieaf groundsel 
Senecio douglassii DC. 

Ch'il deenini (sharp plant) 
Russian thistle 
Salsola iberica Sennen and Pau 

Ch'il diilybsiitoh (big dodge weed) 
Broome snakeweed 
Gufierrezia samfhrae (Pursh) Brit!. 8nd 
Rusby 

Dtr'bk'bbzh deenlnl (sharp saltbush) 
Shadscaie 
Atriplex confertifolia (Torr. 8 Frem.) 
Wats. 

Dibbhaich'iidii (gray sheep scratch) 
Locoweed 
Astragalus species 

Site Observational Work Plan for Monument Valley, Arimna 
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-- 
Cultural Usesb 

Medicinal: Azee' ntrini is one of the Navajo Life Medicines. Roots 
and leaves are pounded, mixed with water to form a sticky lotion 
and topically applied to stop bleeding sores on skin. Azee' ntrini 
is also used to make a tonic as a cure for colds and influenza. 

Ceremonial: Azee' ntrinl is the principal medicinal tonic for Coyote 
Way, Beauty Way and Night Way ceremonies. 

Other: The top of the plant has been used as a beverage and dried 
as a tobacco. 

Medicinal: A medicine made from Azee' hbbldzid has been used as 
a tea, as a poultice, and as a steam treatment for arthritis, boils. 
and rheumatism. 

Medicinal: This adventive from Asia has been ashed to make a 
lotion and tonic for influenza and smallpox. 

Ceremoniel: The ashed plant is used as e blackening in the Enemy 
Way and Evil Way ceremonies. 

Other: A green dye can be made from fermented young plants. 

Med~cinal: Ch'il diilybsiitoh is one of the Navajo Life Medicines. The 
pulp of a plant that has been chewed is placed on insect bites 
and cuts. A medicine derived from the plant is given during 
childbirth. An ointment from ashes of the plant is rubbed on the 
forehead to cure headaches and fever. A tonic made from the 
root is used to treat stomach disorders and sometimes as an 
antidote for taking too much of other remedies. 

Ceremonial: Ch'il diilybsiitoh is a Life Way pollen. Ashes of the planl 
are used in almost ail other ceremonies as a biackening. It is 
also used to make prayersticks and as a ceremonial fumigant 
and emetic. 

Other: Ch'il diilybsiitoh flowers are used to make a yellow dye. 

Food: Leaves of Db'Ak'6bzh deenini are used to flavor cam roasted 
in a pit. 

Medicinal: As one of the Navajo Life Medicines, Dibbhaich'iidii is 
used as a diuretic, for stomach disorders, and to treat venereal 
disease. 

Ceremonial: Dibbhaich'iidii is a medicine used in the Bead Way 
ceremony. 
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Table 6-5 (continued). Navajo Cultural Uses of Plants Growing on the Reclaimed Tailings Area 

and Plume Area at the Monument Valley Site 
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i 

Plant Name' 

Diw6zhiiibeii (gray greasewood) 
Founving saltbush 
Atriplex canescens (Pursh) Nun. 

Diwbzhiishzhiin (black bushy shrub) 
Black greasewood 
Sarcobatus venniculatus (Hook.) Torr. 

. 

D166bib6'6zh66' (prairie-dog comb) 
Purple threeawn 
Aristida pufpurea Nutt. 

Gad ni'eelii bllbtah tichl'igii 
(juniper with red flowers) 

Tamarisk 
Tarnarix rarnosisslrna Ledeb. 

Haashch'BBdbb (god's food) 
Tomatilla 
Lyciurn pallidiurn Miers 

Hosh niteeli (broad cactus) 
Prickly-pear 
Opunfia phaeacantha Engelm. 

Nididlidii (scorched) 
indian ricegrass 
Oryzopsis hymenoides (R. 8 S.) Ricker. 

TIBB' iigahiits966z (white at night) 
Evening primrose 
Oenothera albicaulis Pursh 

Cultural Usesb 

Medicinal: The leaves of DiwQhiitbeil are chewed to produce a 
poultice for insect bites. It is mixed with juniper mistletoe as a 
tonic for stomachaches and toothaches and to increase 
perspiration during sweatbaths. Leaves and roots are also used 
to produce cough medicine and a snuff for sinus pain. 

Ceremonial: Diwbzhiitbeii is used as an emetic in Evil Way and 
Navajo Wlnd Way ceremonies. 

Other: Diw6zhiitbeii was once used for food seasoning. Leaves and 
twigs, when combined with other ingredients, are used to 
intensify color in dyes. 

Medicinal: Like DB'bk'66zh deenini and Diwbzhiiibaii, the leaves of 
Diwbzhiishzhiin are chewed to produce a poultice for insect bite: 
and stings. 

Ceremonial: The hard wood of Diw6zhiishzhiin is used to make 
bdistsiin, sticks used to stir mush during Navajo weddings and 
girts' puberty rituals. The wood is also used to make equipment 
for the Lightening Chant and Mountain Chant ceremonies. 

Other: The hard wood was ideal for planting sticks, awls, knitting 
needles, and traps. Because the wood burns long and hot, like 
oak, it is used for cooking and to burn out soft cottonwood logs 
to make boxes. 

Ceremonial: D166bibB'Bzh66' leaves are part of a medicine used in 
the Enemy Way ceremony. 

Medicinal: Gad ni'eetii blletah lichl'igii is a naturalized adventive 
from Eurasia that looks like juniper and, although it is only 
remotely related, it is sometimes used as a substitute for juniper 
in certain healing tonics and smoke treatments. 

Food: Red Haashch'BBdbB berries are eaten raw or cooked. 
Medicinal: Dried Haashch'BBdba berries and roots are a Navajo Life 

Medicine. The ground root is used to relieve toothache. 
Ceremonial: Haashch'BBdbb is used to form equipment and as an 

emetic in the Evil Way and Female Shooting Way ceremonies. 

Food: Hosh niteeli fruit was eaten fresh, dried, or cooked in stews. 
Medicinal: Peeled fleshy stems of Hosh niteeii are bound over cuts 

to stop bleeding. 
Ceremonial: The Navajo origin myth includes Cactus People, 

consequently Hosh niteeli is used in several ceremonies. 

Food: In the past, Nididlid~i was used to make mush or ash cakes. 
Seeds were scorched to remove the chaff, ground, mixed with 
milk or water and cooked. 

Medicinal: TIBB' iigahiits'66z is used to produce a lotion for boils, 
mixed with other herbs to treat kidney ailments, and ground to 
produce a dusting powder on sores. It is also an ingredient of a 
pouitice for spider bites. 

Ceremonial: TlBB' iigahiits066z is an ingredient of various medicines 
in Bead Way, Big Star Way, Red Ant Way, and Blessing Way 
ceremonies. 
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Table 6 5  (continued). Navajo Cultural Uses of Plant Growing on the Reclaimed Tailing Area 
and Plume Area at the Monument Valley Site 

Ceremonial: TYoh ligaii is eaten during the Night Way ceremony. 

TYoh lichl'l (red grass) I Medicinal: A tea is made from TYoh Hchl'i and given to babies to 

Plant Name' 

Tl'ochin nilchiin (smelly onion) 
Wooton sandverbena 
Ttiptamcalyx camaus (Greene) 
Galloway 

TYoh tigaii (grass white) 
White goosefoot 
Chenopodium album C. 

11 Galleta I heio them orow into strong adults. 11 

Cultural Usesb 

Medicinal: Tl'ochin nilchiin is used as part of a medicine to treat 
internal injuries. it is also made into a tea to treat gallbladder anc 
gallstone problems. 

Other: Tl'ochin nilchiin was sometimes carried as a good luck charm 
for protection. 

Food: Young TYoh ligaii were traditionally eaten raw or cooked with 
other foods. Mature plants were threshed and the seed were 
ground and either mixed with corn meal or mixed with milk or 
water to make ash cakes. 

Joint-fir produce a tea. 11 Ephedm tomyena S. Wats. I Medicinak TYoh azihii I iYhlgli is used as a diuretic to treat kidney 

- -. . . . .. 
Hilaria jamesii (Torr.) Benth. 

I and bladder problems, venereal disease, and afterbirth pains 

TsB'Azi'ts'66z (narrow vucca) I Medicinal: Roots of Tsb'Bzi'ls'66z ere soaked in water andthe liqui dl 

" - 
TYoh azihii libahigil (gray rubbing grass) I Food: Branches of TYoh azihii tibahigii are roasted and boiled to 

I weaving. Various parts of the plant are ingredients in dyes. 

ZBB'iilwo'ii iood's plumel I Medicinal: ZBB'iilwo'ii, a nalive of Eurasia but now circumboreal. 1 

~arrowieaf yucca 
Yucca angusfissima Engelm 

is strained and given to women having a long labor. 
Ceremonial: Many perls of the Tsa'bzi'ts'bbz plant are used for 

ceremonies: a soap made from the roots is used to wash and 
purify ceremony participants, ceremony equipment is lashed 
using fiber from the leaves, and juice from heated leaves is a 
pigment base for paint. 

Other: Soap from Tsa'Bzi'ts'66z roots is also used to wash wool fol 

Table 6-6 summarizes estimates of maximum concentrations of COPCs in cultural-use plants. 
The estimates rely in part on the greenhouse study of contaminant uptake in Atr ip lex  canescens 

(fourwing saltbush). A. canescens, as a halophyte (salt tolerant plant), accumulates salts to 
maintain favorable osmotic potentials and therefore would be expected to have elevated ion 
concentrations compared to other cultural-use species in the area; A. canescens is a conservative 
proxy for other cultural-use plants at the site. Estimates of maximum plant levels of COPCs 
given in Table 6-6 are used for a screening assessment of the cultural-use pathway 
(Section 6.1.6.4). 

cheatgrass brome ' 

Bmmus tectorum L. 

WWGrand Junction Office 
June 1998 

arrived in the Four Corners area in the late Nineteenth Century. 
It has since been incorporated in several ceremonies: as 
plumage in the Night Way chant, as a blackening in the Evil Wa) 
and Handling Trembling Way, and as a medicine in the Night 
Way and Plume Way. - 
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'The Navajo name and English interpretation, in parentheses, are given first, followed by the English common name. The Scientific 
nomenclature for genera, species, and authorities, given third, is consistent with Voss (1983) and the choices of 
Welsh et al. (1987). 
bDescriptions of cultural uses are summarized from Mayes and Lacy (1989) and discussions and correspondence with the staff of 
the Navajo Nation's Historic Preservation Department. 
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The Monument Valley BLRA (DOE 1996b) identified the following data needs to complete 
evaluations ecological risks associated with contaminated ground water: 

lateral extent and magnitude of ground-water contamination, 

composition and structure of plant communities growing over the contaminant plume, and 

potential contaminant uptake by plants rooted into ground water or irrigated with ground 
water. 

Data from the 1997 site characterization (Section 4.0) and a plant uptake study conducted for 
DOE by the University of Arizona's Environmental research Laboratory (Baumgartner 
et al. 1996) were used to complete evaluations of two ecological exposure pathways: 

Toxicity to native plants rooted into contaminated ground water, and 

Toxicity to crop plants irrigated with contaminated ground water. 

The BLRA (DOE 1996b) evaluated the toxicity of ecological COPCs to native plants by 
comparing concentrations in the Monument Valley plume with published screening-level 
benchmarks. Of the 14 COPCs considered, benchmark values were available for only 4. 
Irrigation of forage and garden plants is another hypothetical future use of contaminated ground 
water and was also incomplete in the BLRA. 

Additional analytical results (Section 4.9) and the results of the University of Arizona's plant 
uptake study (Baumgartner et al. 1996) were used to develop a screening-level assessment of 
potential crop and range plant toxicity. Results of the 1997 ground-water sampling were used to 
remove chloride, sodium, and vanadium from the list of ecological COPCs; maximum on-site 
levels of these constituents were lower than maximum background levels. The results of the 
University of Arizona's plant uptake study, coupled with site-specific data on soils, ground-water 
quality, and agricultural species, help complete the evaluation of possible adverse effects to crop 
and range plants. Table 6-7 summarizes the phytotoxicity evaluation. Phytotoxic effects are 
often inferred from biomass productivity responses a range of contaminant concentrations. 
Overall, no adverse changes are expected in biomass productivity of crop and range plants that 
access or are irrigated with plume water containing the maximum measured contaminant levels. 

WE/Orand Junction Office 
June 1998 
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Table 6-7. Maximum Levels of Ecological COPCs in the Alluvial Aquifer, Estimated Maximum Levels 
in Crop and Range Plants, and Screening Benchmark Levels 

I MaxGW I Max 1 Screening I 

Calcium 

iron 
(unfiltered) 

Magnesium 

Manganese 
(unfiltered) 

i biosphere (>l.OOOmg/kg 13 some soils) are phytotoxic. 

Sulfate 1 3.540 1 MON-771 1 N A 1 Sulfur toxicity in plants is caused by atmospheric 

559 

10.2 

600 

Nitrate 

Potassium 

Strontium 

0.21 

I I I 1 (1995). 
The list of COPCs is for constituents that exceeded backaround concentrations. 

MON-771 

MON-606 

MON-771 

1,600 

50.1 

4.95 

TDS 

Uranium 

' Maximum ground water levels for ammonium and nitrateire from 1988-1993 data (Table 3.7 In DOE 1996b) or 1997 data. 
'NA indicates that standard benchmark concentrations are not available or not applicable. 

MON-606 
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N A 

10 

N A 

MON-606 

MON-771 

MON-771 

5.800 

0.069 

Although Ca is not phytotoxic, it inhibits or stimulates 
the absorption of other trace elements (Kabata- 
Pendias and Pendias 1992). 

The screening benchmark is from Wl i  and Suter 
(1995). 

Mg is not phytotoxic but can either inh'ibit or stimuiate 
the absorption of other trace elements (Kabata- 
Pendias and Pendias 1992\. 

4.0 Wl l  and Suter (1995) suggest 4.0 mglL as a screening 
benchmark for Mn; Baumgarlner et al. (1996) 
measured no change in crop or native plant biomass 
as high as 12.4 mglL Mn. 

2,000 

N A 

N A 

MON-771 

MON-774 

Baumgartner et al. (1996) measured a drop in crop 
(Sudan grass) and range plant (fourwing saltbush) 
biomass at GW N0,'ievels >2,000 mg/L. 

K is not phytotoxic but it can inhibit absorption of other 
trace elements (Kabata-Pendias and Pendias 1992). 

Kabata-Pendias and Pendias (1992) report that no 
evidence exists suggesting that stable Sr in the 

N A 

40.0 

sulfuric acid deposition and occasionally by acid 
sulfate soils (Piarzynski et al. 1993). Ground water pH 
levels indicate that acidity is not a problem. 

The screening benchmark is from Wl i  and Suter 
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7.0 Ground-Water Compliance Strategy 

Selection of the final strategy to achieve compliance with the EPA ground-water protection 
standards is governed by the framework defined in the final PEIS for the UMTRA Ground Water 
Project (DOE 1996~). Stakeholders review and acceptance of the final PEIS is documented and 
supported by the Record of Decision (DOE 1997). Presented below is a discussion of how the 
selection process was used to determine the final ground-water compliance strategy at the 
Monument Valley site and a proposed future ground-water sampling and analysis plan to monitor 
compliance and the effectiveness of the selected remedy. 

7.1 Compliance Strategy Selection Process 

The PEIS framework used to determine the appropriate ground-water compliance strategy for the 
Monument Valley site is summarized in the flow chart provided as Figure 7-1. The framework 
takes into consideration human health and environmental risk, stakeholder input, and cost. A 
step-by-step approach is followed until one, or a combination of one or more, of three available 
compliance strategies is selected. The three compliance strategies are: 

No remediafion-Compliance with the EPA ground-water protection standards would be 
met without altering the ground water or cleaning it up in any way. This strategy could be 
applied at the Monument Valley site for those contaminants at or below MCLs or 
background levels or for those contaminants above MCLs or background levels that qualify 
for supplemental standards or ACLs as defined in Section 2.1.1. 

Naturalflushing-Allows natural ground-water movement and geochemical processes to 
decrease contaminant concentrations to regulatory limits within a period of 100 years. The 
natural flushing strategy could be applied at the Monument Valley site if ground-water 
compliance can be achieved within a 100 years or less, where effective monitoring and 
institutional controls can be maintained, and where the ground water is not and is not 
projected to be a drinking water source. 

Active ground-wafer remediation-Requires application of engineered ground-water 
remediation methods such as gradient manipulation, ground-water extraction, treatment, 
land application, phytoremediation, and in situ ground-water treatment to achieve 
compliance with the standards. 

7.2 Monument Valley Compliance Strategy 

DOE is required by the PEIS to follow the ground-water compliance selection framework 
summarized in Figure 7-1 in selecting the appropriate compliance strategy to clean up the 
ground-water aquifers affected by former processing activities at the Monument Valley site. 
Three aquifers are known to exist at the site. Site-specific characterization data were used in 
combination with the PEIS flow chart presented in Figure 7-1 to select an appropriate 
compliance strategy for each aquifer. A discussion of the selected compliance strategy, and how 
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Figure 7-1. PEIS Compliance Strategy Selection Framework 
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the strategy was determined, is presented separately below for the alluvial, Shinarump, and 
De Chelly aquifer systems. Potential remediation technologies are evaluated in Section 8.0. 

7.2.1 Alluvial Aquifer Compliance Strategy 

DOE has determined that active remediation and natural flushing of the alluvial aquifer is the 
appropriate strategy for nitrate, sulfate, and uranium which are identified as COCs (Section 6.0). 
The proposed ground-water compliance strategy is no remediation for ammonium, calcium, iron, 
magnesium, manganese, potassium, and strontium; constituents that do not pose a potential risk 
(Section 6.0) and do not exceed an EPA standard (Section 5.3.3.1). An explanation of how the 
targeted strategy was selected is presented in Table 7-1. 

Table 7-1. Explanation of the Compliance Strategy Selection Process for the Alluvial Aquifer 

WEJGrand Junction Office 
June 1998 
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Result or Decision 

See conceptual site model presented in Section 5.0. 
Move to Box 2. 

Nitrate and uranium exceed the MCL. Other site-related 
constituents (ammonium, calcium, iron, sulfate, 
magnesium, manganese, potassium, and strontium) 
exceed background levels. Move to Box 4. 

Alluvial ground water is not classified as limited use. 
Move to Box 6. 

Ammonium, calcium, Iron, magnesium, manganese, 
potassium, and strontium qualify for ACLs because they 
are dietary components that are present at levels that fall 
within nutritional ranges or because they occur at 
concentrations that do not pose a risk (Section 6.0). 
Move to Box 7 - no remedlation required -for these 
constituents. 

Uranium and nitrate occur at wncentrations above the 
MCL. Sulfate does not have an MCL, however 
concentrations occurs at leveis that potentially can cause 
adverse health effects. Move to Box 8 for these 
constituents. 

Although the applicability has not been formally 
assessed, it is unlikely that remedial action would cause 
excessive harm to the environment. Move to Box 10. 

Box 
(Figure 7-1) 

I 

2 

4 

6 

8 

Action or Question 

Characterize plume and 
hydrological conditions. 

Is ground-water contamination 
present in excess of MCLs or 
background? 

Does contaminated ground water 
qualify for supplemental standards 
due to limited use ground water? 

Does contaminated ground water 
qualify for ACLs based on 
acceptable human health and 
environmental risk and other 
factors? 

- 

Does contaminated ground water 
qualify for supplemental standards 
due to excessive environmentai 
harm from remediation? 
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Table 7-1 (continued). Explanation of the Compliance Strategy Selection Process for the Alluvial Aquifer ! 

7.2.2 Shinarump Aquifer Compliance Strategy 
I 
I 

Box 
(Figure 7-1) 

10 

11 and 14 

DOE has determined that no remediation strategy is appropriate for the Shinarump aquifer 
because ground-water contamination is not present in excess of MCLs and no COCs were 
identified (Section 6.0). An explanation of how the targeted strategy was selected is presented in 
Table 7-2. 

Table 7-2. Explanation of the Compliance Strategy Selection Process for the Shinarump Aquifer 1 

Act ion or Question 

Will natural flushing result in 
compliance with MCLs, 
background, or ACLs within 
100 years? 

- 

Can institutional controls be 
maintained during the flushing 
period and is the compliance 
strategy protective of human 
health and the environment? 

present in excess of MCLs or 

Result or Decision 

Uranium occurs at one isolated location near the former 
source area at a concentration that only slightly exceeds 
the MCL. Because the source has been removed and the 
uranium concentration is near the MCL, natural flushing 
is expected to reduce uranium to the MCL within 
100 years. Move to Box 11. 

Given the relatively high levels and broad distribution of 
nitrate, and the estimated ground-water velocities, active 
remediation appears to be the only viable compliance 
strategy to reduce nitrate to the MCL within the most 
contaminated portion of the plume. However, sulfate 
levels are not substantially elevated above the proposed 
health based risk level for drinking water (Section 6.0); 
thus active remediation in combination with natural 
flushing with respect to sulfate is expected to result in 
compliance. Move to Box 14. 

Although the final compliance strategy is protective of 
human health and the environment, DOE is also 
considering additional approaches to risk management at 
the site. One approach is to provide an alternate source 
of drinking water for residents living near the former mill 
site, even though the ground water Is not currently used 
for a public water supply. Move to Box 12 -implement 
natural flushing wlth active remediation. - 
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Does contaminated ground water 
qualify for supplemental standards 
due to limited use ground water? 

Table 7-2 (continued). Explanation o f  the Compliance Strategy Selection Process 
for the Shinarump Aquifer 

Shinarump ground water is not classified as limited use. 
Move to Box 6. 

Box 
(Figure 7-1) 

Does contaminated ground water 
qualify for ACLs basedon 
acceptable human health and 
environmental risk and other 
factors? 

No COCs are present in the Shinarump aquifer 
(Section 6.0). Calcium, iron, magnesium, manganese, 
potassium, sulfate, and zinc qualify for ACLs because 
they are dietary components that are present at levels 
that fail within nutritional ranges. Ammonium qualifies 
because it occurs at a concentration that does not pose a 
risk (Section 6.0). Move to Box 7 - no rernedlation 

11 Action or Question 

1 I required. 

Result o r  Decision 

7.2.3 De Chelly Aquifer Compliance Stratem 

DOE has determined that natural flushing to reduce uranium concentrations below the MCL is 
the appropriate strategy for the De Chelly aquifer. The proposed ground-water compliance 
strategy is no remediation for magnesium and sulfate; constituents that do not pose a potential 
risk (Section 6.0). An explanation of how the targeted strategy was selected is presented in 
Table 7-3. 

Table 7-3. Explanation o f  the Compliance Strategy Selection Process for the De  Chelly Aquifer 

DOElGrand Junction Ofiice 
June 1998 

Box 
(Figure 7-1) 

1 

2 

4 

6 

-- 
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Action o r  Question 

Characterize plume and 
hydrological conditions. 

Is ground-water contamination 
present in excess of MCLs or 
background? 

Does contaminated ground water 
qualify for supplemental 
standards due to limited use 
ground water? 

Does contaminated ground water 
qualify for ACLs based on 
acceptable human health and 
environmental risk and other 
factors? 

Result or Decision 

See conceptual site model presented in Section 5.0. Move 
to Box 2. 

Uranium slightly exceeds the MCL, however the area of 
impact is small, Isolated, and the risk of uranium as a 
carcinogen is within EPA's risk range (Section 6.0). 
Site-related constituents magnesium and sulfate occur at 
concentrations that only slightly exceed background 
levels. Move to Box 4. 

De Chelly ground water is not classified as limited use. 
Move to Box 6. 

Magnesium qualifies for an ACL because it is a dietary 
component that is present at a level that falls within the 
nutritional range. Sulfate qualities because it occurs at a 
concentration that does not pose a risk (Section 6.0). 
Move to Box 7 -no  remedlatlon required. 

Uranium occurs at one small and isolated location near 
the former source area at a concentration that only slightly 
exceeds the MCL. Move to Box 8. 
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Table 7-3 (continued). Explanation of the Compliance Strategy Selection Process 
for the De Chelly Aquifer 

7.3 ~ u t u r e  Ground-Water Monitoring Activities 

- 

Monitor well locations, analytes, and sampling frequencies have been reviewed to ensure that 
data acquired from future ground water monitoring activities are appropriate and adequate to 
evaluate the effectiveness of the proposed compliance strategy. The proposed monitor well 
locations that will be sampled are shown in Figure 7-2. Ground-water monitoring procedures 
specified in the Sampling and Analysis Plan for the UMTRA Ground Water Project 
(DOE 1997b) will be followed for sample collection, sample preservation and shipment, 
analytical procedures, and sample chain-of-custody. The selection rationale for the proposed 
sample locations, analytical requirements, and sampling frequency are discussed separately 
below for the surface water and the alluvial and bedrock aquifers. 

7.3.1 Monitoring Requirements for the Alluvial Aquifer 

Box 
(Figure 7-1) 

8 

10 

11 

Most of the future monitoring efforts willbe concentrated on the alluvial aquifer because it is the 
ground-water system most affected by site-related contamination. A list of 25 proposed alluvial 
wells to be monitored, and the associated analytical and sampling frequency requirements, are 
summarized in Table 7-4. Uranium, nitrate, and sulfate are the only COCs present in the alluvial 
aquifer. Uranium will be monitored at the one location where an isolated uranium occurrence 
slightly exceeds the MCL. Nitrate, sulfate, and chloride will be monitored at all the proposed 
sample locations. Chloride is included as an analyte to calculate a sulfate-to-chloride ratio; 
relatively high values are indicators of site-related sulfate contamination. Conversely, relatively 
low sulfate-to-chloride ratios can be a useful metric to evaluate the effectiveness of the 
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Action or Question 

Does contaminated ground water 
qualify for supplemental 
standards due to excessive 
environmental harm from 
remediation? 

Will natural flushing result in 
compliance with MCLs. 
background, or ACLs within 
100 years? 

Can institutional controls be 
maintained during the flushing 
period and is the compliance 
strategy protective of human 
health and tha environment? 

Result or Decision 

Although the applicability has not been formally assessed, 
it is unlikely that remedial action would cause excessive 
harm to the environment. Move to Box 10. 

Uranium occurs at one isolated location near the former 
source area at a concentration that only slightly exceeds 
the MCL (Sections 5.3 and 7.4.4). Because the source has 
been removed and the uranium concentration is near the 
MCL, natural flushing is expected to reduce uranium to the 
MCL within 100 years. Move to Box 11. 

Although the areal extent of the uranium is confined within 
the fenced boundary at the site and the final compliance 
strategy is protective of human health and the 
environment, DOE is also considering additional 
approaches to risk management at the site. One approach 
is to provide an alternate source of drinking water for 
residents living near the former mill site, even though the 
ground water is not currently used for a public water 
supplv. Move to Box 12 -implement natural flushinq. 
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Allwial Monitor Well 

De Cheliy Monitor Well 

Figure 7-2. Proposed Ground Water Monitor Well Sample Locations 
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remediation effort within the most contaminated portion of the plume. Ammonium will be 
monitored only at selected locations close to the former source areas where relatively high 
ammonium concentrations y e  present in the ground water and where phytoremediation of the 
former source area is planned (Section 8.0). All of the proposed on-site and downgradient 
monitor wells will be sampled annually. Three background locations will also be sampled 
concurrent with each routine annual sampling event. 

Table 7-4. Summary of Proposed Sample Locations, Analyfical Requirements, and Monitoring Frequency 
for the Alluvial Aquifer 

Frequency 

annual 

MON-760, -761, and 
-762 

MON-650 

-602, and -640 I I I 
'Group I and II will be alternated with each annual sampling event. 

Anaiyte 

nitrate, sulfate, chloride 

Monitor Well 

MON-604. -562, -669. 
-764, -767, and -768 

MON-655, -656, -770, 
-771, -765, and -777 

MON-606, -772, -774 

Group I: MON-200, -100, 
and 4 0 2  

Group II: MON-103. 

Some downgradient and lateral migration of site-related contaminants may continue until the 
proposed phytoremediation and active treatment technologies begin to contract the plume. 
Further expansion and eventual contraction of the plume will be monitored at six monitor well 
locations established at or near the lateral boundaries of the plume and at three locations 
established near the leading edge of the plume. The most downgradient location will also be 
monitored. 

Monitoring Purpose 

lateral boundary of plume 

leading edge of plume 

most downgradient location 

Three locations where paired well installations exist will be sampled to monitor the vertical 
concentration ~rofile within the most contaminated portion of the alluvial plume. Additional or 

vertical contaminant profile 

on and near site 

natural background 

natural background 

alternate sampling locations to monitor concentration reductions within the plume may be 
proposed at a later date when extraction wells are installed as part of the active remediation. 

nitrate, sulfate, chloride 

nitrate, sulfate, chloride 

Three geochemical types of background water known to exist at the site will be monitored at six 
upgradient locations. For monitoring purposes, the six locations will be divided into two groups 
of three upgradient wells, designated as Group I and Group I1 in Table 7-4. Each group contains 
one location that is characteristic of the sodium-carbonate type (MON4OO and -602), the 
sodium-sulfate type (MON-200 and 440) ,  and the calcium-magnesium-carbonate type water 
(MON-402 and -403). One group of upgradient wells will be selected for inclusion in each 
annual sampling event. 

annual 

annual 

ammonium, nitrate, sulfate, 
chloride 

ammonium, nitrate, sulfate, 
and chloride plus uranium at 

location MON-774 

nitrate, sulfate, chloride 

nitrate, sulfate, chloride 

Site Observational Work Plan for Monument Valley, Arizona 
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annual 

annual 

biennial' 

biennial' 
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7.3.2 Monitoring Requirements for Surface Water 

Surface water located east of the site along the Cane Valley Wash has not been impacted by the 
former milling operations (Section 5.3). In addition, it has been demonstrated that the lateral 
extent of the alluvial ground-water plume does not extend cross-gradient to the east of the site 
under Cane Valley Wash. Continued monitoring of the alluvial ground-water plume, as proposed 
above in Table 7-4, will provide sufficient notice if the contaminant plume begins to migrate 
under Cane Valley Wash. For these reasons, no additional surface-water sampling will be 
performed unless the future alluvial ground-water monitoring results indicate the alluvial plume 
is expanding and migrating under Cane Valley Wash. 

7.3.3 Monitoring Requirements for the Shinarump Aquifer 

Sufficient data have been collected to determine that site-related constituents are not significantly - 
impacting the water quality in the Shinarump aquifer (Section'5.3). No site-related constituents 
occur at concentrations that exceed a MCL or at concentrations that pose a health risk 
(Section 6.0). For this reason, it is recommended that no additional ground-water monitoring of 
the Shinarump Member be performed. Existing Shinarump monitor wells should be abandoned. 

7.3.4 Monitoring Requirements for the De Chelly Aquifer 

Wide spread site-related contamination as a result of the former uranium processing operations is 
not evident in the De Chelly aquifer (Section 5.3). Uranium is present in a few ground-water 
samples at concentrations that slightly exceed the 0.044 m a  MCL, however the area of impact 
is small, isolated, and the concentrations are below any level that would pose a significant health 
risk (Section 6.0). The slightly elevated uranium concentrations are associated with former 
production well MON-619 located in the area of the former old tailings pile. This De Chelly 
well, which is hydrologically connected to alluvial ground water in the adjacent paleovalley, was 
used to supply water for the milling operation. Pumping the well actively drew uranium 
contamination from the alluvium into the De Chelly. Uranium concentrations have declined 
significantly in ground-water monitoring samples collected from MON-619 since the production 
operation has stopped. Further decreases are expected as the De Chelly aquifer continues to 
dilute and flush the uranium downgradient. 

Future ground-water monitoring will include MON-619 and three other De Chelly monitor wells 
located in the vicinity of the former old tailings pile. These locations are shown in Figure 7-2. 
The analytical and sampling frequency requirements are listed in Table 7-5. Uranium will be 
monitored at all the proposed sample locations on an annual basis. Monitoring will be 
discontinued, and all the De Chelly wells will be abandoned, after it has been demonstrated that 
the uranium concentrations have not exceeded the uranium MCL for a period of 3 consecutive 
years. 

Site Observational Work Plan for Monument Valley, Arizona DOHGrand Junction Ofice 
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Table 7-5. Summary of Proposed Sample Locations, Analytical Requirements, and Monitoring 
Frequency for the De Chelly Aquifer 

DOWGrand Junction Office ~ June 1998 
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Monitor Well 

MON-619 

MON-776 

MON-657 

MON-775 

Analyte 

uranium 

uranium 

uranium 

uranium 

Monitoring Purpose 

location of point-source of uranium 
in De Chelly 

upgradient of point-source 

leading edge of uranium >MCL 

downgradient of leading edge 

Frequency 

annual 

annual 

annual 

annual 
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8.0 Development and Evaluation of Active Remediation Alternatives 

As presented in Section 7.0, active remediation is the selected alluvial ground-water compliance - 
strategy for the Monument valley site. The purpose of this section is to develop and evaGate 
different active remediation alternatives and recommend an alternative for remediation of the 
alluvial aquifer. 

Section 8.1 gives an overview of the process used to evaluate and screen technologies and 
alternatives, including a detailed explanation of the evaluation criteria. Section 8.2 develops a list 
of potential technologies that could be used for remediation of the site, evaluates the 
technologies, and screens out technologies that are not feasible. Section 8.3 lists technologies 
that passed the initial screening, combines the technologies into alternatives, and evaluates the 
alternatives. The proposed alternative for active remediation is presented in Section 8.4 along 
with a discussion of how the proposed method may be deployed and uncertainties and limitations 
of the proposed alternative. 

8.1 Process for Development and Evaluation of ~echno lo~ ie s  and Alternatives 

This section gives an overview of the process used to arrive at a proposed alternative for 
remediation of contaminated alluvial ground water at the Monument Valley site. It also includes 
a description of the criteria used to evaluate technologies and alternatives. 

8.1.1 Overview of the Process 

The process used to select a proposed alternative for remediation of the alluvial aquifer is to: 

. Develop, evaluate, and screen technologies that could be used for remediation of the site. 

Combine the technologies into alternatives and evaluate the alternatives. 

Select an alternative as a proposed method to remediate the site. 

A number of technologies were considered for remediation of the site. Technologies considered 
could be used for extraction of ground water, disposal of ground water, or treatment of ground 
water, either in situ or ex situ. The initial screening of technologies, generally qualitative in 
nature, considered whether the particular technology was appropriate for use at Monument 
Valley, given the types, quantities, and locations of the contaminated water, and the 
concentrations of contaminants at the site. This initial screening did not consider cost or 
implementability except in the most general sense. The technologies that were considered 
appropriate for detailed review, based on the initial screening, were then combined into 
alternatives for extraction, treatment, and disposal. 

The next step in the process was the evaluation of the alternatives to determine the preferred 
alternatives for extraction, treatment, and disposal. The evaluation of alternatives used the same 
criteria as the evaluation of technologies (i.e., effectiveness, implementability, and cost) but was 

DOWGrand Junction Office Site Observational Work Plan for Monument Valley, Arizona 
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done in more detail and included a detailed cost estimate for each alternative. The final step in I 
I 

the evaluation of alternatives was to do a comparative analysis of the alternatives considering the 
evaluation criteria. 

I 
The last part of the process was to propose an alternative for remediation of the site. Discussion 
of the proposed alternative includes a potential deployment schedule describing the phases of the 
remediation and limitations of the proposed approach. I 

8.1.2 Evaluation Criteria 
i 

Each remediation alternative was evaluated for its effectiveness, implementability, and cost. The 
proposed alternative is the'one that represents the best mix of all three criteria. The evaluation 
criteria were developed from standard engineering practice for assessing the feasibility of any 
large-scale project. A detailed discussion of each evaluation criterion is provided in the following 

i 
sections. ! 

8.1.2.1 Effectiveness 

The effectiveness evaluation criterion considers a number of factors, which include 

Remediation time frame. 

Conformance with aquifer restoration standards and goals. 

Short-term effects (i.e., effects of remediation on workers, the community, and the 
environment). 

Disposal of treatment residuals. 

Remediation Time Frame 

The remediation time frame is largely dependent on how quickly contaminated ground water is 
removed from the alluvial aquifer. Therefore, extraction technologies and alternatives will have 
the most influence on the remediation time frame. Shorter remediation time frames eenerallv - 
correspond to higher extraction rates. DOE has established 20 years as a goal for remediation of 
the alluvial aquifer, and extraction and disposal alternatives were developed considering this 
goal. 

Conformance with Aquifer-Restoration Standards and Goals 

The general requirements for contaminant levels in the ground water at UMTRA sites are 
specified as MCL's in 40 CFR 192.04, Table 1. The only constituents in the ground water at the 
Monument Valley site that exceed MCL's are nitrate and uranium. The regulation does not 
specify ground-water restoration standards for other contaminants of concern (COCs) that exceed 
background concentrations. 

Site Observational Work Pian for Monument Valley, Arizona 
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Sulfate is the only COC that exceeds background concentrations but does not have an MCL. As 
described in Section 6.1.5, EPA Region 8 has recently proposed a toxicological risk-based 
concentration of 1,500 to 2,000 mgL for sulfate at a similar site. In view of the relatively high 
background levels of sulfate at the site, and the fact that the alluvial aquifer is not currently used 
as a primary drinking water source and is not expected to be used as a primary drinking water 
source in the near future, the Monument Valley UMTRA Ground Water Project proposes to 
adopt the higher limit of 2,000 mgL as an aquifer-restoration goal for the site. While the project 
will not be statutorily bound to conform to this treatment goal, every effort will be made to 
assure that remediation achieves at least this level of sulfate cleanup, and the evaluation of 
treatment processes will consider their effectiveness for sulfate removal as a selection criterion. 

The Monument Valley aquifer-restoration standards (requirements of 40 CFR 192) and 
aquifer-restoration goals (cleanup standards not required by 40 CFR 192) for the COCs in the 
alluvial aquifer are listed below. Extraction, disposal, and treatment technologies and alternatives 
were evaluated on whether they could meet these standards. 

Aquifer restoration standards (required by 40 CFR 192): 

Nitrate 10 mg/L as N (44 mgL as NO,-) 

Uranium 30 pCiL (0.044 mg& combined U-234 and U-238) 

Aquifer restoration goals (not required by 40 CFR 192) 

Sulfate 2,000 mg/L 

Short-Term Effects 

Short-term effects are a consideration of the potential effects to the community, workers, and the 
environment. The Monument Valley site is remote. Dinnehotso, Arizona, approximately 6.5 air 
miles away, with a population of 616, is the only community within 10 miles of the site. Mexican 
Hat, Utah is 15 miles north of the site; Mexican Water, Arizona, is 14 miles to the east; and the 
to'wn of Kayenta, Arizona, is about 24 air miles to the southwest. The land surrounding the site 
remains open and undeveloped. Thus, the community near the site is defined as the scattered 
f m s ,  camps, and residences, and the temporary and permanent inhabitants of these areas and 
structures. The nearest residence is located within 1 mile of the site. Given the nature of the 
contaminants and the treatment processes being considered, it is unlikely that persons living in 
the area would be affected by the operation of the treatment facility. 

The nearest highway is State Highway 160, which passes within about 6.5 miles to the south of 
the site adjacent to the hamlet of Dinnehotso. Users of the state highway cannot reasonably be 
considered as members of the community. 

Evaluating the effects to workers entails considering the risks to persons employed to construct 
the treatment system and to those employed to operate and maintain the system during its 
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operational life, as well as persons supporting the remedial action, such as samplers and 
equipment operators disposing of treatment residuals. 

The evaluation of short-term effects also considers environmental effects. Environmental effects I 

include potential environmental harm caused by deployment of a technology or alternative and 
whether the potential harm of remediation outweighs the benefits to be derived from restoration 
of the alluvial aquifer. 

Disposal of Treatment Residuals 
I 

Active treatment processes, as well as many more passive systems such as evaporation, produce 
a significant amount of residual waste. This may include dissolved solids from the ground water, 
as well as the residuals from any other chemicals that may have been added during the treatment 
process (e.g., antiscalants or softening agents). These residuals must be contained during the 
remediation process, and disposed of either during or at the end of remediation, depending on the 
volumes generated. The need to keep residuals contained during remediation, to minimize their 
volume, and to dispose of them as often as needed, may become a significant cost over the 
lifetime of the remediation process. 

8.1.2.2 Implementability 1 

Implementability is an assessment of the technical and administrative feasibility of building, 
operating, and maintaining a remediation system. There are two aspects of implementability 
which must be considered: technical feasibility and administrative feasibility. 

The following are aspects of technical feasibility: I ! 

Ease of construction. 

Ease of operation and maintenance. 

Expected reliability. 

Ability to handle changes in influent composition. 

Ability to handle increases in extraction capacity. 

Construction 

The Monument Valley site is remote, and skilled construction labor may be limited in the 
immediate vicinity. Thus, treatment systems which are easier to construct are preferred. 
Treatment systems which might seem to be very difficult to construct may be relatively simple 
due to the fact that in many cases "off-the-shelf' treatment systems are used, and construction at 
the site consists largely of constructing influent and effluent piping and supplying electricity. A 
plant-farming system, on the other hand, requires construction of an extensive and elaborate 
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water-distribution system which will cover many acres. While the construction of such a system 
does not require a high degree of technical skill, it does require more labor. 

Consideration of construction also requires examining the uncertainty associated with 
construction, such as the potential for schedule delays caused by technical problems. 

Expected Reliability 

Reliability is defined as the probability that a system will meet required performance standards. 
This includes both the physical reliability of the equipment comprising the system, and the 
process reliability, which considers the potential for variability in process performance both on a 
day-to-day and on a year-to-year basis. Evaluation of the potential reliability of a treatment 
system must consider the technical and operational complexity and required level of training for 
operators. 

Ability to Handle Changes in Influent Composition 

The concentrations of contaminants in the alluvial aquifer are expected to decrease gradually as 
remediation progresses. Particularly during the early years of remediation, the composition of the 
feed to the treatment system may vary significantly depending on which wells are in operation at 
any given time, and on whether currently unknown "hot spots" are uncovered as remediation 
progresses. Some technologies are better suited to handle such variations than others, and this 
ability will be considered in evaluating whether specific technologies are suited for use at the 
Monument Valley site. 

Ability to Handle Increases in Extraction Capacity 

The volume of the contaminated plume in this SOWP is an estimate based on sampling from a 
number of wells at the site. The likelihood that the actual volume of the contaminant plume will 
eventually be found to be significantly higher than the present estimate is not considered high, 
but the possibility must be allowed for. Another possibility is that additional regulatory or other 
drivers may also emerge, during the time between the start and the completion of remediation, 
that will cause the timetable for completion of remediation to be accelerated beyond the current 
goal of 20 years. In either event, it might become necessary to increase the extraction capacity of 
the system to handle more water than is currently planned. The ability of a remediation system to 
handle such increases, and the incremental cost involved in doing so, must be considered in 
evaluating whether specific technologies are suited for use at the Monument Valley site. 

Administrative Feasibility 

Administrative feasibility is the level of activity needed to coordinate with stakeholders, offices, 
and agencies and assessing whether coordination effort will be successful. For the most part, 
there is little or no distinction between technologies with respect to this consideration. Since this 
is not the first remediation project to be situated on land belonging to the Navajo Nation, DOE is 
aware of most of the principal stakeholder concerns, which have been considered in determining 
the processes that are suitable for implementation. 
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Cost 

During the initial screening of technologies, the potential cost of individual technologies is not 
considered. Cost estimates for extraction, treatment, and disposal processes which pass the initial 
screening process have been developed in some detail. Capital costs (both direct and indirect) 
and operating and maintenance (O&M) costs were calculated for each process. The accuracy of 
the cost estimates for evaluation of the alternatives is defined to a level of accuracy of 
+50 percent to -30 percent. 

In evaluating cost, the most important consideration is not the direct capital cost (although the 
realities of project funding mean that capital cost cannot be totally disregarded), but rather the 
total cost of treatment over the life of the project. These costs were determined by combining the 
initial capital cost for the treatment system with the estimated O&M costs over the project 
duration, using a net present worth analysis. By discounting all costs to a common base year, the 
costs for expenditures in different years can be compared on the basis of a single figure (i.e., the 
net present worth). Guidance issued by the Office of Management and Budget (OMB) was used 
to calculate net present worth. The guidance recommends using a real interest rate (i.e., a rate 
that does not consider inflation) to discount out-year costs that have not been adjusted for 
inflation. 

Where possible, direct capital costs are developed from invoice costs of similar systems. If that 
information is not available, generic unit costs, vendor information, and conventional 
cost-estimating guides have been used. O&M costs are based on labor costs, energy costs, 
material and equipment costs, and maintenance costs. 

8.2 Evaluation of Technologies 

8.2.1, Technologies Considered for Remediation 

During the alternatives evaluation process for the Tuba City site, which will be remediated in 
parallel with the Monument Valley, Arizona, site, technologies for ground-water extraction, 
effluent discharge, and ex situ and in situ treatment were evaluated for remediation of the Tuba 
City site. This process is described in detail in Section 8.2.1 of the Final SOWP for the Tuba City 
site (DOE 1998). Where applicable, the "lessons learned" during the alternatives evaluation 
process for the Tuba City site were also applied to the Monument Valley site. 

The chemical composition of the contaminant plume at Monument Valley is different from that 
at Tuba City. Also, due to the very high quality of the background water at Tuba City, some very 
stringent cleanup goals (in addition to those mandated by 40 CFR 192) were applied to the 
remediation of that site, a situation which does not apply at Monument Valley due to its much 
higher concentrations of naturally-occurring background constituents. Thus, the screening 
process for treatment technologies at Monument Valley did involve giving a "second look" at 
processes which were deemed unsuitable for Tuba City during the initial screening process for 
that site. 
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8.2.2 Extraction Technologies 

Because of its depth, the most downgradient extent of the ground water at the Monument Valley 
site can only be withdrawn effectively through a well. Two types of extraction-well systems were 
considered: Conventional vertical wells and horizontal wells. 

8.2.2.1 Conventional Vertical Wells 

Vertical wells are the most commonly used ground-water extraction devices, so the bulk of field 
experience and knowledge relates to conventional vertical wells. Installation of vertical wells is 
relatively straightfonvard in most cases, and, when combined with proper well design, 
construction, and development, vertical wells may provide acceptable yields. Vertical extraction 
wells can be readily converted to injection wells as needed, or vice versa, and can also be easily 
decommissioned when necessaw. Finallv, the theoretical nerformance of a vertical well can be . . 
simulated analytically or numerically during the design process using readily available and 
accented mathematical formulations. while no comparable knowledge base exists for other 

A - 
technologies. Thus, vertical wells were recommended for detailed evaluation. 

8.2.2.2 Horizontal Wells 

Detailed evaluation of horizontal wells indicated that the technology could produce 
unprecedented difficulties due to the flowing (unconsolidated) sands encountered during the field 
investigations. Additional concerns with this technology arise because the long lengths of well 
screen that are required increases the difficulties of well completion and development. Also, as 
the aquifer cleanup proceeds, few options are available for sealing off the restored parts of the 
alluvial aquifer. Because of these risks, horizontal wells were not recommended for further 
evaluation. 

Therefore, conventional vertical wells were the only extraction process deemed viable for the 
Monument Valley extraction system. 

8.2.3 Effluent Discharge Technologies 

This section describes the various ways in which effluent from the treatment plant can be 
discharged. Discharge options that do not involve injection include native plant farming, 
evaporation, and discharge to surface water; these options result in a loss to the aquifer of origin. 
The injection scenarios, in which the effluent is returned to the aquifer of origin, are also 
investigated. 

8.2.3.1 Native Plant Farming 

Native plant farming treats the extracted ground water by using the nitrate in the water as a 
fertilizer for a field of native plant species, which then discharge the water by ET. The details of 
native plant farming as a treatment option are discussed in Section 8.2.4. 
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Native plant farming is a no-injection option with a seasonal and cyclic demand. The maximum 
withdrawal rate is set by the requirements of the irrigation system (see Section 8.2.4) to a 
maximum rate of about 257 gpm (seasonal) for about 23 years. Preliminary estimates suggest 
that the aquifer can sustain this extraction rate, but this must be confirmed through detailed 
numerical modeling of the well field during the design phase to verify sustainable extraction 
rates. 

8.2.3.2 Evaporation 

Evaporation treats extracted. ground water by allowing the water to evaporate under conditions in 
which the nonvolatile contaminants are contained and allowed to concentrate for later disposal. 
The advantages and disadvantages of evaporation as a treatment option are discussed in Section 
8.2.4. The hydrologic effects of evaporation are similar to those of native plant farming (see 
above), except that since water may be fed to an evaporation pond year-round (even though the 
evaporation process will not be particularly effective during the winter), the limitation on 
maximum withdrawal rate depends only on the recharge ability of the alluvial aquifer. Treatment 
of two pore volumes of the contaminant plume in a 20-year period would require a continuous 
extraction rate of 103 gpm. 

8.2.3.3 Discharge to Surface Water I 
Under this option the extracted and treated ground water would be discharged to Cane Valley 
Wash at a rate of about 103 gpm or about 166 acre-feet per year. Cane Valley Wash is ephemeral I 
and intermittent in the vicinity of the site, and the discharge from the treatment system would be I 
absorbed relatively rapidly except in periods of flash flooding. After the remediation period, 
natural discharge to Cane Valley Wash from the pumped region would be less than what it is I 

today until water levels recovered to the pre-pumping condition. I 

8.2.3.4 Injection Wells i 
With this option, injection wells would be used to conduct the treated effluent directly back into 
the alluvial aquifer. Injection would control migration of the plume, promote rinsing of the solid I 
matrix, preserve the ground-water resource, and improve yields in the withdrawal wells. Injection I 

wells would be designed in accordance with specifications attributed to recovery wells, and I 

considerable care would be required for all aspects of well completion. With injection wells, the 
! 

suspended sediment concentration in particular would need to be very low to help prevent 
clogging. Other factors to consider with injection wells are the consequences of air entrainment 

I I 

and the entrance velocities for the treated effluent (Driscoll 1987). The entrance velocity for I 

injection wells should not exceed 0.05 ft per second. 
i 

Injection wells could be deployed along the downgradient portion of the plume to control its 1 
migration, and within the body of the plume to enhance flushing. The benefit of using injection 
wells is that the treated ground water is returned to the same aquifer from which it was extracted 
and the ground-water resource is conserved to the maximum extent practical. I 
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8.2.3.5 Effluent Discharge Technologies Recommended for Detailed Evaluation 

Technologies that do not rely on injection include evaporation, native plant farming, and 
discharge to surface water. These technologies are limited in their effectiveness because, without 
injection, the contaminated part of the alluvial aquifer will be limited in the amount of water it 
can deliver. If no injection is used, the only method to achieve greater drawdown is by adding 
more wells, increasing the capital and operating costs of the system. Evaporation and native plant 
farming are potential treatment technologies that are discussed in Section 8.2.4. Discharge of" 
treated water to surface water, although technically possible, is not an appropriate use of an 
expensive resource since there is no flowing stream in the area, so much of the treated water 
would merely evaporate or be taken up in vadose soils. 

The use of injection wells inside the plume area boosts the pumping rate that can be realized. 
Injection into the plume surcharges the hydraulic heads in the pumping zone and allows a higher 
rate of extraction. The greater extraction rates that stem fiom injection into the plume can - " 

therefore accelerate the ground-water restoration. Injection well design incorporates many of the 
same considerations that apply to vertical pumping wells. These design considerations are 
addressed in Section 8.2.2. 

8.2.4 Treatment Technologies 

Many treatment processes were identified as potentially applicable for cleaning up the 
contaminated ground water at the Monument Valley site. The processes can be categorized as 
follows: 

Phytoremediation. 

Native plant farming (landfplant treatment process). 

Evaporation systems. 

Distillation systems. 

Through-medium processes such as continuous ion exchange. 

Biological processes. 

Chemical treatment processes. 

Membrane separation processes, including reverse osmosis and nanofiltration. 

8.2.4.1 Phytoremediation and Native Plant Farming 

Phytoremediation and native plant farming are both types of phytoremediation processes, which 
rely on the natural affinity of plants for nitrates and other nitrogen species. Nitrate and ammonia 
in the water are taken up by the plant roots and assimilated into plant tissues. Nitrate is then 
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reduced in the leaves and roots of the plant to ammonia or ammonium ion, which is then 
converted to amino acids. Amino acids are the building blocks for complex nitrogenous 
compounds, which are essential for maintenance and growth of plant cells. 

In this document, "phytoremediation" will be used to refer to passive systems which depend 
solely on the action of plant root systems in the treatment of shallow contamination zones. 
"Native plant farming" will refer to systems which rely on extraction wells to draw water from 
deeper parts of the alluvial aquifer to the surface, where it is used in a slow-rate infiltration 
system to irrigate tolerant indigenous plants. 

The phytorernediation and native plant farming systems proposed for the Monument Valley 
remedial action consists of a combination of passive phytorernediation and active native plant 
farming. The phytoremediation process will be used for treatment of the ammonia-contaminated 
soils in and around the former location of the tailings piles. The principal species that will be 
used for phytoremediation process of the subsurface ammonia-contaminated soils at Monument 
Valley is founving saltbush, atriplex canescens, which is a halophyte, or salt-tolerant plant. 

Phytoremediation can also be used for treatment of the uppermost, or shallowest, portion of the 
aquifer. In this mode, roots of phreatophyte plants extending down into the upper portion of the 
water table will draw contaminated water without the need for irrigation. (An irrigation system 
might be required for the first one or two growing seasons to allow the plants to establish 
themselves. But once the roots have extended into the aquifer, irrigation would no longer be 
required and the system could be shut down.) The principal phreatophyte species that will be 
used for aquifer phytorernediation at Monument Valley is black greasewood, sarcobatus 
vermiculatus. 

The native plant-fanning system will be used for treatment of the deeper sections of the plume, 
by pumping the water from the alluvial aquifer to the surface where it can be used for irrigation. 
Drip, sprinkler, or ridge-and-furrow systems are used for distributing the extracted ground water. 
Application of contaminated water is made throughout the growing season. During the winter 
months when no growing takes place, the extraction system would be taken out of service. The 
principal species that will be used for native plant farming at Monument Valley is founving 
saltbush, atriplex canescens. 

Founving saltbush has a high affinity for salts in general, so a significant portion of the sulfates 
and other non-nutritive dissolved solids will accumulate in the plant tissues. Dissolved solids that 
are not taken up by saltbush will build up in the soil. The ability of the soil to tolerate high 
loading of sulfate and other dissolved solids is uncertain, though preliminary data suggest that 
the drainage properties of the soil at the Monument Valley site are such that salts will not tend to 
crust on or at the soil surface to an appreciable extent. The ability to maintain sufficient control 
of the application rate to avoid deep percolation of contaminated water also is uncertain, and 
monitoring for deep percolation discharges from a land treatment system may be difficult. These 
uncertainties will be studied during the phytorernediation and native plant-farming pilot study 
(Section 5.4.3). 
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Because no wastes or residuals are generated by the native plant-farming treatment system, the 
system has no associated byproduct disposal issues. 

The nominal time frame for completion of remediation at Monument Valley is 20 years. The area 
available for native plant farming is 28 hectares or 69 acres. The planted area, based on plantings 
3 m apart with a plant canopy of 1 m, is one-third of the total area or 9.33 hectares. The 
estimated annual ET for the fourwing saltbush crop is 1.97 cubic meters per year per square 
meter of area, for a total estimated maximum annual irrigation rate for high productivity of 
48.5 million gal. Remediation of 1.08 billion gal using native plant farming, then, will require 
22.2 vears, which has been rounded off in this document as 23 years. This is slightly higher than 
the nbmini goal of 20 years but is still acceptable, particularliconsidering thatthis calculation 
makes no allowance for the possible contribution of a passive phytoremediation system for the 

A . . . 

shallow portion of the contaminant plume, and is therefore conservative. 

The maximum irrigation rate at the Monument Valley site is approximately 15 liters per square 
meter of area per day. For the active irrigation area of 9.33 hectares, this gives a peak irrigation 
rate of 616 gpm, which is clearly too high a flow rate for the aquifer to sustain. Since the -- - 

irrigation system operates for only about 10 hours per day even at peak demand, the actual rate 
can be reduced using a holding tank which will be filled during the hours that the irrigation - - 
system is out of service. Using such a holding tank, which must have a capacity of about 
300,000 gal, reduces the peak demand on the extraction system to 257 gpm. 

A svstem combining phytoremediation for ammonia-contaminated soil and for the shallow -. . 
portion of thc alluvial aquifer, and native plant ramming for cleanup of the deepcr parts of the 
alluvial aquifer, will bc considered as a treatment alternative. Some issues remain to bc resolved, 
however, before the phytorcmcdiatiodnative plant-farming system could confidently bc 
inlplemented as thc sole treatment process at Monument Valley. These issues or areas of 
uncertainty include: 

The relative inefficiency of an extraction system that does not include any injection to the 
aquifer. 

Uncertainty as to the rate at which contaminated water can be absorbed and nitrate can be 
uptaken by the combination of species chosen for the phytoremediationlnative plant-farming 
system. The estimates given in this SOWP are based on literature values for similar species. 
The pilot study planned for the 1998 growing season (see Section 5.4.3) will define these 
parameters more precisely. 

Uncertainty as to the effect on the soil of greatly increased concentration of non-nitrogen- 
bearing species (e.g., sulfate) which could build up in the soil as a result of the irrigation 
process. The soil in this area is sandy and free-draining, so this buildup is not expected to be 
a problem, but the potential certainly exists given the high concentration of sulfate in the 
ground water. The pilot study is also intended to determine the extent, if any, to which this 
buildup will occur. 
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Uncertainty as to the effect on the alluvial aquifer of the loss of a volume of over 1 billion 
gal, since the native plant-farming system will not allow for any recharge of the,aquifer. I 

Uncertainty as to the effect on the alluvial aquifer, and on the contamination zones, of the I 

cyclic nature of the extraction process, since the extraction system will have to be shut off 
I 

during the winter months. I 
Seasonal variability in the required irrigation rate. Due to high ET rates during the peak 
summer months at the Monument Valley site, the maximum irrigation rate will vary 
considerably from month to month, which introduces additional complications for the 
extraction system. The actual area which can be planted for the native plant-farming system, 
and thus the time required for remediation using the native plantifarming system, will likely 
be limited by the maximum practical extraction rate. 

None of these factors rules out exclusive use of a combination of phytoremediation and native 
plant farming as the treatment system for the Monument Valley site, although they must be I 

considered before exclusive implementation of such a system is undertaken. Detailed 
consideration of all factors is the function of the alternatives evaluation process. I 

No alternatives will be considered for the Monument Valley site which do not employ 
phytoremediation for cleanup of ammonia-contaminated soils, since there is no easily 
implementable alternative for this portion of the remediation project. The native plant-farming 
system, however, is more problematic. Note that of the six issues of concern listed above, all but 
the first apply primarily or exclusively to the native plant-farming system. The remainder of this 
Section will review the various active treatment processes which could be used at the Monument 
Valley site, and will eliminate those which are obviously unsuitable. The processes which are not 
eliminated in this first screening will be evaluated in greater detail in Section 8.4. 

8.2.4.2 Evaporation Systems 

Solar evaporation, which consists of putting the water into large lined or unlined outdoor ponds 
at influent rates that match the rate of natural evaporation, is an established method for reducing 
the volume of contaminated surface or ground water, that does not contain volatile hazardous 
compounds, in arid and semiarid regions of the United States. Nonvolatile contaminants such as 
nitrates, sulfates, uranium, and other components of TDS will not evaporate, and instead will 
concentrate as a sludge that must be periodically removed for disposal. Solar evaporation 
systems are constrained by climatic effects, notably temperature (solar radiation), humidity, and 
wind. 

Pan evaporation rates at the Mexican Hat weather station, which is the station closest to the 
Monument Valley site, average about 84 in./year, and exceed 10 in. per month from May through ~ 
August. Precipitation at Monument Valley averages about 8 in./year. Evaporation rates exceed 
precipitation rates for all months except January. Thus, an evaporation system at Monument 
Valley would be expected to be very effective for most of the year. The surface area required to I 
achieve complete evaporation could be considerable, however, preliminary calculations suggest 
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that solar evaporation of a constant flow of 103 gpm would require a solar evaporation pond 
having an area of over 24 acres. 

The effectiveness of solar evaporation systems can be enhanced by adding spray systems in 
which water is sprayed as a fine mist into the air above the solar pond. The fine mist droplets 
evaporate much more readily than does the bulk water at the pond surface. Use of a spray system 
can substantially reduce the size of the pond required. For instance, addition of a spray system 
could reduce the size of the evaporation pond for the Monument Valley site from 24 acres 
required for a simple solar evaporation pond to about two acres for a spray pond. However, 
addition of a spray system considerably increases the complexity of the system and requires more 
maintenance and operator attention than simple solar evaporation. 

In general terms, evaporation is a very low-cost way to remediate large amounts of contaminated 
water in arid climates. However, in the context ofthe Monument Valley UMTRA remediation 
project, evaporation is effectively a competitor for a native plant-farming system. There would be 
no reason to operate an evaporation system during the summer months when the native plant- 
farining system can utilize all the water that is available, and evaporation would be ineffective 
during the winter months when the irrigation system is out of service. Implementation of an 
evaporation system would also exacerbate any deleterious effects associated with treatment 
systems which do not recharge the alluvial aquifer. Finally, evaporation results in a loss to the 
aquifer of all the contaminated ground water, without returningany value in exchange, so it is an 
unattractive alternative to a native plant-farming system. Therefore, evaporation was not selected 
for detailed evaluation as a treatment alternative. 

8.2.4.3 Distillation Systems 

In a simple distillation process, water is vaporized by heating it to its boiling point. The water 
vapors are then condensed and recovered as clean water. Nonvolatile contaminants such as 
nitrates, sulfates, uranium, and other components of TDS will not evaporate and will be left 
behind in the chamber, where they will concentrate and must be bled off (removed at a slow rate) 
periodically. The condensed water can be injected into the alluvial aquifer, as described in 
Section 8.2.3.4. The concentrate, or brine, may be taken off site for disposal; alternately, it may 
be evaporated to dryness in a small solar pond or in another process (such as a brine crystallizer), 
and the residue can then be disposed of as a solid. 

Distillation is one of the most expensive treatment technologies to implement, because of the 
significant capital costs of distillation systems. Historically, distillation has also been relatively 
expensive to operate because of the high energy requirement to boil large quantities of water. 
However, distillation does recover almost all of the water for injection into the aquifer and the 
product water is of very high quality. The treated water produced by treatment of the ground 
water at Monument Valley using a simple distillation process will contain virtually no dissolved 
or suspended solids. Since the Monument Valley ground water does not contain volatile 
contaminants, the condensate from a distillation system will exceed the project standards and 
goals by orders of magnitude. 
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Energy requirements for distillation units can be greatly reduced by the use of "vapor 
recompression," in which the heat that is given off bv the condensation of the water vavor is - 
recovered in a fan or compressor and used to preheat the feed water. Vapor-recompression 
evaporation units typically require one-tenth or less as much heat energy per pound of water 
treated as would a simple evaporation/condensation unit. Fouling, which commonly occurs in 
distillation units where the feed water contains high concentrations of dissolved solids that 
deposit on the hot surfaces of the evaporators, can be minimized by operating the evaporator unit 
under vacuum, reducing the evaporation temperature below the precipitation threshold. 

Recent innovations in distillation technology make it possible to achieve the high quality of 
condensate inherent in the distillation process while minimizing the high energy consumption 
traditionally associated with distillation. Evaporation of water using a standard boiler with no 
energy recovery requires almost 2,400 kW-hr 'of electricity per 1,000 gal of water evaporated. 
Use of multiple "effects," in which the vapor produced in one stage is used to provide heat for 
the next stage, can reduce the energy requirement to about 500 to 600 kW-hr per 1,000 gal of 
water, a substantial reduction but not enough to make distillation attractive for this project. 
Commercial vapor recompression distillation systems can process 1,000 gal of water while 
consuming around 50 to 100 kW-hr. An innovative distillation system, which combines falling- 
film evaporation technology with vapor recompression, requires only about 35 kW-hr to process 
1,000 gal of water. This low energy consumption makes distillation economically competitive 
with other treatment processes. 

Distillation has already been chosen as the primary treatment technology at the Tuba City site 
and will be demonstrated at that site in a pilot study scheduled for the summer of 1998. The 
knowledge gained during that study, which will confirm the applicability of distillation to 
cleanup of UMTRA ground waters, could be applied directly to the Monument Valley site. For 
this reason, and because of the high quality of the treated water produced by the distillation 
process, distillation was selected for detailed evaluation as a treatment alternative. 

8.2.4.4 Through-Medium Processes 1 

In a through-medium process, a flow stream is passed through a column or reactor containing an I 

insoluble adsorptive or exchange medium. A through-medium process can be used to remove , 
uranium before biological treatment or native plant farming. Synthetic ion exchange resins, 
which are manufactured to have high affinities for certain types of ions, are widely used in 
through-medium processes for removal of uranium and many other dissolved ionic contaminants. 

I 

Conventional ion exchange processes are generally impractical for liquids having dissolved I 
solids loadings higher than about 1,500 mgIL, due to high elutriation rates at higher solids levels. 
The TDS level in the Monument Valley alluvial aquifer will average about 1,500 m g L  and may I 

be several times this amount in "hot spots." A conventional ion exchange unit treating the I 

Monument Valley ground water would require regeneration approximately every 30 to 50 bed 
volumes, and the regeneration would produce approximately 5 bed volumes of waste liquid with 
high salt content. Thus, the on-stream time would be poor, due to the need for frequent I 
regeneration; chemical consumption would be high; and the volume of regenerant liquid would 
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be at least 10 percent of the total feed. Thus, conventional ion exchange processes appear to be a 
poor choice as a remediation technology for Monument Valley. 

However, state-of-the-art continuous ion exchange processes, designed specifically for removal 
of nitrate from water, could be applicable to Monument Valley since nitrate is the only regulated 
contaminant. The best of these continuous systems offer greatly reduced waste streams, 
averaging as low as 2 percent of the total water treated, with very low utility requirements and 
minimal chemical consumption. Preliminary vendor data suggests that a continuous ion 
exchange process could be competitive with other processes such as distillation and reverse 
osmosis (RO). Thus, continuous ion exchange was chosen for detailed evaluation as a treatment 
alternative. 

8.2.4.5 Ex-Situ Biological Processes 

Biological processes use bacteria to convert hazardous compounds to other forms which are less 
hazardous or more amenable to disposal. This may either be done in situ by injecting the bacteria 
andlor the carbon nutrient source into the aquifer, or ex situ by pumping the water into an above- 
ground treatment pond or reactor. This section will deal with ex-situ processes; in-situ processes 
will be covered in the following section. 

Nitrate, the principal regulated COC in the Monument Valley alluvial aquifer, is amenable to 
treatment with biological processes. Biological denitrification can eventually reduce nitrate 
levels in water to less than the MCL or to background levels. The primary byproduct of 
denitrification is nitrogen gas (N,), along with small amounts of nitrous oxide (N,O). Because 
nitrogen gas is relatively inert, denitrification generates a treatment residual that does not require 
handling and disposal, and it has no significant effect on the environment. 

Denitrification may be done either in a pond, or in a biological reactor or series of reactors. Use 
of a pond will not be practical at the Monument Valley site, because the denitrification reaction 
loses effectiveness when the water temperature drops below about 50 OF. A pond-based 
denitrification process at Monument Valley could operate only seasonally, since it would be 
impractical to maintain the temperature of a large outdoor pond at 50 O F  during the winter 
months. As such, it is an unattractive alternative to a phytoremediation/native plant-farming 
system, which also operates seasonally but produces a valuable product rather than a bacteria- 
laden sludge. The treated water would be suitable for injection, but would only be available 
seasonally and would require pretreatment to remove residual organics before it would be 
suitable for injection. Therefore, at Monument Valley the biological denitrification process is 
best suited for indoor reactors, rather than an outdoor pond. 

The average sulfate concentration in the Monument Valley ground water is about 755 mgL, 
which is well below the proposed treatment goal of 2,000 mg/L. Since the treatment process will 
draw from all extraction wells simultaneously, the sulfate concentration in the feed to an active 
treatment process will tend to stay close to the average value, so no treatment specific for sulfate 
should be required. However, bacteria which have an affinity for nitrate also have an affinity for 
sulfate, and desulfurization will tend to take place in parallel with denitrification. While 
biological denitrification generates nitrogen gas which does not require handling and disposal 
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and has no significant effect on the environment, biological desulfurization produces hydrogen 
sulfide (H,S) as a byproduct. Hydrogen sulfide is malodorous, explosive, and extremely toxic. 
Whereas nitrogen gas can be freely discharged to the atmosphere, the control, handling, and 
ultimate disposal of H2S will require other unit processes, such as a scrubber or a flare stack, that 
are ancillary to the primary sulfate-reducing reactor. 

Desulfurization, then, is undesirable and should be avoided if possible. From the bacteriological 
standpoint, denitrification is the preferred reaction path, but, given the relatively high sulfate 
levels present in the Monument Valley ground water, it is uncertain whether denitrification can 
proceed to the extent required to reduce nitrate levels to below 44 m a  without inducing at least 
some level of desulfurization. 

Biological dcnitrification is already being used at the Weldon Springs DOE site outside 
St. Louis, Missouri. Information from the Weldon Springs facility indicates that the ponds there 
require 3 to 5 days to complete a treatment cycle. Such a residence time would require a capacity 
of around half a million gallons, which is impractically large for an indoor reactor. Weldon 
Springs is the operating facility within the DOE system which is most similar to Monument 
Valley, and therefore this information cannot be discounted. 

The uncertainty as to whcther biological denitrification will even work within a reasonable time 
frame, and whcther desulfurization can be suppressed to avoid formation of toxic byproducts, 
indicates that biological denitrification is not a good choice for application at the Monument 
Valley site when other processes that do not have such problems are available.   here fore, ex-situ 
biological treatment was not selected for detailed evaluation as a treatment alternative. 

8.2.4.6 In-Situ Biological Processes 

In-situ biological processes are similar to ex-situ processes in that both rely on bacterial activity 
to consume nitrate. However, ex-situ biological processes are to at least some degree active 
processes. Even a pond system requires feed water pumps, an injection system for the organic 
feed, and some mechanism for removing effluent water and sludge from the ponds at the end of a 
treatment cycle. A system using indoor batch reactors, of course, is fully as active as a chemical 
treatment or distillation process. An in-situ biological process, on the other hand, can be passive 
or nearly so. Further, while an ex-situ biological process must either be operated seasonally or in 
temperature-controlled reactors, in-situ processes by their nature operate year round, since the 
temperature of the alluvial aquifer varies little from season to season. Thus an in-situ process 
offers considerably more flexibility in implementation than does an ex-situ process. 

In-situ denitrification is probably not practical as the sole cleanup process for Monument Valley. 
Due to the passive nature of the in-situ system, a great number of injection wells or trenches 
would have to be filled with pulp to provide adequate coverage of the large area of the plume. 
This would require a major capital investment. Monitoring the performance of so many wells 
would be a formidable task in itself. In-situ denitrification is more promising as one aspect of a 
treatment strategy which employs other treatment processes to clean up the bulk of the nitrate 
plume and to address sulfate in areas where sulfate concentrations are high. 
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One advantage of active treatment processes which produce a treatedzclean water is that some of 
that water can be injected into the alluvial aquifer at the leading edge of the plume, containing 
the spread of the plume and preventing infiltration of contaminants into clean areas. A system 
using phytoremediation and native plant farming as the only treatment process would not 
produce any treated water and would potentially allow expansion of the plume, particularly 
during the winter months when the extraction system would be out of service. 

The in-situ process contemplated for Monument Valley will utilize wood pulp, which is placed in 
holes drilled along the leading edge of the contaminant plume. The wood pulp will serve as a 
medium to promote the growth of indigenous nitrophilic microbes. The microbes can be taken 
from soil samples at the site and cultured ex-situ to produce a "broth." The wood pulp can then 
be soaked in the microbe "broth" before being placed in the ground. 

Desulhrization, which is a major concern with ex-situ biological processes because of the 
potential for formation of the toxic, explosive byproduct H,S, is less of a concern with in-situ 
processes. Desulfurization rates in in-situ systems can be kept slow in part by not using an 
organic nutrient supply. Test work in the anoxic underground environment indicates that the 
limited desulfurization that does take place produces FeS, which will precipitate out as a solid, 
rather than H2S. 

An in-situ denitrification process could be installed at the downgradient edge of the contaminant 
plume, creating a passive barrier to contain the spread of the plume beyond its present 
boundaries, while the native plant-farming system treats the contaminated ground water within 
the plume. As part of such a combined process with phytoremediation and native plant farming, 
in-situ biological denitrification was selected as a treatment alternative. 

8.2.4.7 Chemical Treatment 

Chemical treatment is typically defined as a system using precipitation, coagulation and 
flocculation, gravity settling, and filtration processes, generally including addition of chemicals 
for pH adjustment, formation of precipitates, and the like. Such systems are widely used for 
treatment of contaminated waters produced during remediation of former uranium mill sites. 
They are very effective for removal of COC's such as uranium, radium, and sulfate. However, -. 
conventional chemical treatment processes are not effective for removal of nitrate, which would 
have to be addressed by some other technology. 

Nitrate could be removed using an ex-situ biological denitrification process downstream of the 
chemical process. The removal of sulfates in the chemical process by precipitation of barium 
sulfate obviates the need foi a biological desulfurization step and thus also eliminates the need to 
dispose of hydrogen sulfide formed as a by-product of biological desulhrization. However, an 
ex-situ biological denitrification process does not appear practical at the Monument Valley site, 
for the reasons mentioned in the discussion of that process, above. 

Nitrate can also be removed using a native plant-farming process. However, coupling chemical 
treatment with native plant farming does not produce an improvement in the overall treatment 
process over what can be achieved with native plant farming alone, because the native plant- 
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farming process is not expected to require removal of sulfate, or any other constituents which the 
chemical treatment process is designed to address, prior to being introduced into the irrigation 
system. Also, the native plant-firming process is seasonal, as described above, and will be shut 
down during the winter. So the treatment process would have to be shut down also during the 
time that the native plant-farming process is out of service, or else the chemical treatment process 
would require some other denitrification process while the native plant-farming system is down. 

Since chemical treatment is ineffective against the principal COC in the Monument Valley 
alluvial aquifer, and since it appears not to offer any additional benefit over the phytoremediation 
/native plant-farming primaty treatment system, chemical treatment was not selected for detailed 
evaluation as a treatment alternative. 

8.2.4.8 Membrane Separation Processes 

Membrane separation includes all processes in which extremely fine or molecular-level filters are 
employed. The fine filter, operated under pressure, allows clean water to pass through the 
element as a clean stream, or permeate, on the downstream side of the element, while the 
contaminants collect as a concentrate, or brine, stream on the upstream side. The most 
cornmonly-employed membrane separation processes, in increasing order of effectiveness in 
removal of dissolved ionic species, are ultra-filtration, nanofiltration, and RO. As a general rule, 
the more completely a membrane separation process removes contaminants from an aqueous 
stream, the more brine is produced. 

The most promising membrane separation process for the Monument Valley ground water is RO, 
which can remove sulfate ions at 98 to 99 percent efficiency, and nitrate ions at 70 to 90 percent 
efficiency. Nanofiltration and ultrafiltration, on the other hand, are effective for removal of 
sulfate ions, but are much less effective against nitrate. Since there is no advantage in selecting a 
process which is effective for removal of sulfate but not nitrate (see "Ex-Situ Biological 
~rocesses" earlier in this section) neither nanofiltration nor ultrafiltration need to be considered 
further for Monument Valley. 

The primary disadvantages of RO units are the relatively high capital costs and the large volume 
of brine that will be generated due to the high concentrations of dissolved solids in the 
Monument Valley ground water. The brine stream from a RO unit operated at Monument Valley 
has been estimated at between 15 and 25 percent of the influent, depending primarily on the -. 

concentration of impurities in the feed. ~ i s ~ o s a l  of this quantity ofbrine would be significant 
logistical problem. The disposal costs for the brine in its liquid state would be prohibitive, and 
therefore construction of asolar evaporation pond would be required. No suchbond exists at the 
Monument Valley site at the present time, so the cost of building one or more evaporation ponds 
must be included in the project capital costs. However, this is also true - if to a lesser extent - for 
other active treatment processes which produce a brine stream that must be concentrated prior to 
disposal. 

DOE owns a state-of-the-art, highly automated RO system, with a maximum permeate flow of 
150 gpm, which was purchased new in February, 1998 for installation at the Monticello, Utah, 
Comprehensive Environmental Response, Compensation, and Liability Act site. Operation of 
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this RO unit at Monticello will be complete by the time ground water remediation at Monument 
Valley gets underway, and the RO unit from Monticello will then be available for use at another 
site. Use of an existing RO system would significantly reduce the capital costs of the treatment 
system, as well as making possible reutilization of a significant government resource. RO is 
otherwise technically acceptable as a treatment process. Accordingly, the RO process was 
selected for detailed evaluation as a treatment alternative. 

8.3 Evaluation of Alternatives 

This section combines technologies evaluated in the previous section into pumping alternatives 
and treatment alternatives. The pumping alternatives make use of the extraction and disposal 
technologies retained for detailed evaluation. The treatment alternatives make use of the 
treatment technologies retained for detailed evaluation. 

8.3.1 Pumping Alternatives 

Puinping alternatives are a combination of extraction and injection technologies that are part of a - - - 

comprehensive strategy. Two pumping alternatives are presented. The objective of each pumping 
alternative is to meet aquifer-restoration standards and goals within a specified time period. Each - 
pumping alternative is evaluated on the basis of implementability, effectiveness, and cost. The 
objective of the pumping is to furnish two pore volumes of nitrate-contaminated water, or . -  - 
approximately 1.08 billion gal, to the treatment system within approximately 20 years. 
Administrative issues associated with implementing either pumping alternative would be - A -  

minimal, although a permit from the Navajo Nation will be required to extract the ground water. 

8.3.1.1 Pumping Alternative 1-Plume-Focused Extraction Wells without Injection 

Pumping Alternative 1 consists of a recovery-well field inside the plume area, with no injection 
wells. This pumping alternative would be used to supply irrigation water for the native plant- 
firming system. Sustaining the required peak extraction rate of 257 gpm (see the discussion 
under "Phytoremediation and Native Plant Farming" in Section 8.2.4 for the derivation of this 
quantity), at an average flow rate of 3 gpm per well, will require 86 ground-water recovery wells. 
This pumping alternative will operate seasonally, drawing an average of 48.5 million gal of water 
per year. Thus, removing two pore volumes of nitrate-contaminated water will require 
approximately 23 years using this pumping alternative. 

Effectiveness 

An average of 257 gpm must be extracted over a 24-hour period during the peak demand period. ' 

Estimated pumping rates indicate that the proposed well field could supply this quantity at an 
average extraction rate of 3 gpm per well. Actual pumping rates will be determined in the field 
after the wells are emplaced. Numerical modeling of the well field will be performed as part of 
the development of the Monument Valley GCAP. This modeling will define the well field, 
including pumping rates, drawdowns, and recovery of the alluvial aquifer after the completion of 
pumping, in greater detail. 
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Implementability 

The complete extraction system includes not only the extraction wells and associated piping, but 
also a holding tank, with a capacity of approximately 300,000 gal, and appropriate controls to 
operate the extraction pumps as needed. The function of the holding tank is to act as surge 
capacity to enable to the maximum irrigation demand of 616 gpm to be met with an extraction 
system having a capacity of 257 gpm. Since irrigation is only required for 10 hours per day, the 
irrigation system will draw from the holding tank, which will be replenished during the night 
while the irrigation system is out of service. Construction of the tank and control system is 
straightforward. 

Construction of the well field would be relatively straightforward and could be accomplished I 

using readily available technology. The technical obstacles to constructing a remediation well I 
field are relatively few. However, the fine-grained eolian sands present their own set of technical 
demands, including how to obtain the maximum possible ground-water withdrawal rate from I I 

each well, how to control sand pumping, and how to control the pumping rates in a large well 
field. These obstacles can probably be overcome through careful well-design, construction, and 
development techniques. 1 

Cost 

The total capital cost for this pumping alternative, including all 86 wells, pumps, holding tank, 
controls, and piping to direct the water from the well field to the treatment system, is estimated at 
$2.82 million. Annual O&M costs are estimated at $0.34 million. The net present value for this 
pumping alternative, calculated over the 23-year project lifetime, is estimated at $6.42 million. 

I 

8.3.1.2 Pumping Alternative 2-Extraction and Injection Wells I 

Pumping Alternative 2 consists of vertical extraction and injection wells. The objective of this I 

pumping alternative is to achieve aquifer restoration without depleting the ground-water resource I 

beyond treatment-plant losses. This pumping alternative would be used to supply water to the 
active treatment alternatives that employ treatment plants generating a clean water stream that I 

would be used for injection. 

The injected ground water would be pumped into the periphery of the plume to control its 
migration, similar to the "line-drive" approach used conventionally in the solution mining 
industry (Driscoll 1987, Roberts 1980). Returning the treated ground water to the plume would 
control drawdown, accelerate flushing within the plume, and accelerate aquifer restoration. When 
completely deployed, this system could consist of up to 20 extraction wells and 20 injection 
wells. The working assumption is that the extraction wells would operate at an average pumping 
rate of about 6 gpm each, while the injection wells would operate at a slightly lower rate due to 
losses in the treatment plant. 
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Effectiveness 

The combination of extraction and injection within the plume is the most expedient method to 
move water through the contaminated part of the alluvial aquifer. A system consisting of 
extraction and injection wells yields a balanced flow system that limits drawdown within the 
plume and expedites flushing. The pumping rate increases as the density of wells increases. 
However, as the number of wells increases, so does the cost of operation and maintenance. 

There are no technical or administrative issues that would preclude implementation of the 
extraction and injection wells associated with this pumping alternative. These are conventional 
technologies that would be relatively straightforward to implement and would use readily 
available technology. The fine-grained eolian sands in the alluvial aquifer will present some 
technical difficulties when installing the extraction and iniection wells. Well design, - " - 
construction, and development techniques to specifically control sand pumping would be 
required. Also, operation of the system of 20 extraction wells and 20 injection wells will require 
oversight. 

Cost 

The total capital cost for this pumping alternative, including all extraction and injection wells, 
pumps, controls, and piping to direct the water from the well field to the treatment system and 
from the treatment system back to the injection wells, is estimated at $1.59 million. Annual 
O&M costs are estimated at $0.3 1 million. The net present value for this pumping alternative, 
calculated over the 23-year project lifetime, is estimated at $4.80 million. 

8.3.1.3 Recommended Pumping Alternative 

Pumping Alternative 2-Extraction and Injection Wells, preserves the best technical options and 
combines them into one comprehensive pumping alternative, at a substantially lower cost than 
Pumping Alternative 1. Considering the extraction system in isolation, Pumping Alternative 2 
would be the preferred pumping alternative. However, the extraction system does not stand alone 
and cannot be considered except as part of the entire treatment system. Pumping Alternative 1 is 
suitable for treatment processes which do not return treated water for injection, while Pumping 
Alternative 2 is suitable for processes that do; pumping alternatives cannot be "mixed and 
matched" freely with treatment alternatives for which they are inappropriate. Since both pumping 
alternatives are technically feasible, the "preferred" pumping alternative would be the alternative 
that serves the preferred complete treatment system. 

8.3.2 Treatment Alternatives 

The treatment alternatives evaluated in this section are: 

Treatment ~lternative l-Native plant farming 
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Treatment Alternative 2-Native plant farming with In-Situ Biological Denitrification 1 
I 

Treatment Alternative 3-Distillation 

Treatment Alternative &Reverse Osmosis 

Treatment Alternative 5-Continuous Ion Exchange 

All these treatment alternatives incorporate phytoremediation of the subsoil ammonia in the 
vicinity of the former tailings piles. Phytoremediation of shallow portions of the aquifer using 
plantings of black greasewood might also be used with any other treatment process. However, 
since phytoremediation of the shallow portion of the aquifer would require installation of an I 

irrigation system at least to establish the greasewood, in the following discussion it will be 
included only with the processes in which irrigation systems are used, namely the two processes 
incorporating native plant farming. I 

There are two distinct types of alternative treatment processes. The processes incorporating 
I 

native plant farming will operate on a seasonal basis, with flow rates varying fiom month to 
month with the seasonal ET cycle and shutting off during the winter when no irrigation is 

I 

possible. These processes will use Pumping Alternative 1-Plume-Focused Extraction Wells 
wjthout Injection, described in Section 8.3.1. Distillation, RO, and continuous ion exchange 1 
operate continuously at a steady flow rate, and will use Pumping Alternative 2-Extraction and 
Injection Wells. 

I 

The treatment system shall be designed to treat two pore volumes over an active life of 
approximately 20 years. As shown in Section 5.3.3.1, the estimated volume of the nitrate plume 
is 120,000,000 gal (120 million gal) of highly contaminated water containing more than 500 
mg/L of nitrate, and 420,000,000 gal (420 million gal) of less contaminated water containing 
between 44 and 500 mgL of nitrate. This gives a total volume of 540,000,000 gal (540 million 
gal). The total amount of water to be treated is two pore volumes, or a total volume of 1.08 
billion gal. 

The processes utilizing distillation and RO will operate on a continuous, year-round basis. 
Treatment of 1.08 billion gal in 20 years, assuming operation of the extraction and treatment 
system for 365 days per year, 24 hours per day, will require a flow capacity of 103 gpm. Cost 
estimates for the extraction, treatment, and injection systems for the processes utilizing 
distillation and RO shall be designed for this capacity. 

The processes utilizing native plant farming will operate on a seasonal basis. As described in 
Section 8.2.4, the native plant-farming system will treat a total of 48.5 million gal per year. Thus, 1 
treatment of 1.08 billion gal will require a remediation period of 23 years. The peak extraction 
rate is 257 gpm. Cost estimates for the extraction systems for the processes utilizing native plant 
farming shall be based on this capacity. I 
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Cost estimates for all treatment processes will be compared based on a net present worth, 
calculated over the total project life (either 20 or 23 years), using the OMB standard discount rate 
of 7 percent. 

8.3.2.1 Treatment Alternative l-Native Plant Farming 

Effectiveness 

Phytoremediation will be used to treat soils contaminated with ammonium. Ammonium, which is 
readily converted to amino acids, is an ideal nutrient source for plant growth. Phytoremediation 
may also be used to treat shallow portions of the alluvial aquifer. In both cases, an initial period 
of irrigation, taking no longer than one or two growing seasons, will be required for the plants to 
establish their root systems. Once the plants are established, no further irrigation is required. 
Conversion of ammonium is expected to be essentially complete within the remediation time 
frame of 23 years. 

The native plant-farming system will be used to heat nitrate-contaminated water. Nitrate is also 
an excellent nutrient source. The average nitrate concentration in the alluvial aquifer is nearly 
ideal for growth of the founving saltbush used in the native plant-farming system. The irrigation 
system will be controlled so that there is no migration of water from the vadose zone into the 
alluvial aquifer. Nitrate levels in the soil are expected to be at or below the treatment standard of 
44 mg/L at the conclusion of the 23-year treatment duration. 

Although sulfate is not a regulated contaminant at Monument Valley, founving saltbush has a 
very high affinity for su1fate.a~ well. The salt content of a mature founving saltbush can be as 
high as 12 percent, and since sulfate comprises almost exactly half of the TDS in the alluvial 
aquifer, the saltbush may reach a final sulfate concentration of as much as 6 percent. The 
nitrogen content of the plant biomass will be about 1.6 percent, equivalent to a nitrate level of 
about 7.3 percent. Average sulfate levels are nearly four times as high as average nitrate levels 
(755 parts per million [ppm] versus 217 ppm). Therefore, the founving saltbush can be expected 
to take up nearly one-fourth of the sulfate in the water. The remainder will accumulate in the 
vadose zone. 

One important concern regarding the effectiveness of the native plant-farming system is how 
well the plants will grow with less than optimal nitrate levels. The ideal nitrate concentration for 
growth of founving saltbush is about 230 m a ,  while the average nitrate concentration in the 
alluvial aquifer is 217 mgk.  Since production wells are placed in all areas of the alluvial aquifer 
and all are expected to be in operation simultaneously, the extraction system will deliver a 
mixture having very nearly average concentrations. At the outset of the project, the nitrate 
concentration will be essentially ideal for optimum growth of the saltbush. However, the 
concentration of nitrate and other TDS in the alluvial aquifer will decline over time as 
contaminated water is removed and replaced by natural dilution from background water. Under 
these conditions, the plant productivity may decline, which may cause a drop in system 
effectiveness as treatment progresses. The native plant-farming pilot study (see Section 5.4.3) 
will examine variations in productivity, water-use efficiency, and nitrate uptake rates and 
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fractionation at various influent concentrations. Data from the pilot study will enable the 
estimates for plant and irrigation requirements in this SOWP to be refined. 

Implementability 

There are a number of uncertainties associated with the implementability of the native plant- 
farming system. These were covered as part of the discussion of "Phytoremediation and Native 
Plant Farming" in Section 8.2.4. The pilot study (see Section 5.2.4) is intended to resolve most of 
these uncertainties. Another significant area of uncertainty regarding the native plant-farming 
system concerns the availability of water to supply the system. The extraction system must be 
able to sustain a flow rate of some 257 gpm continuously for several months. Preliminary 
estimates suggest that the aquifer will be capable of sustaining this flow rate, but this has not 
been confirmed by modeling or extensive testing. 

Only two alluvial aquifer pump tests were done during the current investigations at the 
Monument Valley site (see Section 4.6.3.2). One of the wells (well MON-765) was able to 
sustain a flow rate of 3 gpm over about 20 hours before the test ended due to equipment failure, 
while the other (well MON-655) was able to sustain a flow rate of only 0.6 gpm even after 
significant development. Well MON-765 is a newer installation than well MON-655, and its 
design is more nearly similar to what is planned for the Monument Valley extraction wells. 
Therefore, the flow rate of 3 gpm observed in the tests of well MON-765 was used as an average 
flow rate for the extraction system. 

However, neither of these tests was a long-term test. So the question of long-term sustainability 
of the required flow rate once the entire extraction system is in operation remains open. 
Furthermore, the preliminary modeling done so far is based on the very limited data currently 
available on the geomorphology of the alluvial aquifer. Thus, the number of wells provided in 
the design used for estimating the capital and installation costs of the extraction system is an 
approximation at best, and there is significant uncertainty regarding the actual count and number 
of extraction wells. 

Cost 

The cost estimate assumes that the entire available area of 28 hectares (69 acres) would be 
planted in founving saltbush. The capital cost for planting this acreage, and the irrigation system 
required to sustain it, is estimated at $0.60 million, and annual operating costs, including labor to 
maintain the fields, will be about $0.34 million. The present worth cost of this treatment 
alternative, projected over the total estimated time of 23 years, is $4.37 million. 

8.3.2.2 Treatment Alternative 2-Native Plant Farming with In-Situ Biological 
Denitrification 

Effectiveness 

For a discussion of the effectiveness of the phytoremediation and native plant-farming systems, 
see Section 8.3.2.1 "Treatment Alternative I-Native Plant Farming." 
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The effectiveness of the in-situ bioremediation system is not known at the present time. It would 
be installed at the perimeter of the contaminant plume, where nitrate concentrations are already 
close to the treatment standard, and therefore high nitrate removal efficiency would not be 
required. Biological denitrification ponds typically achieve nitrate levels below 10 mgL nitrate 
as nitrogen (NO,-N2, from influent streams containing as much as 500 mg& NO3-N2. The 
biological system proposed here should have comparable performance and, therefore, there is 
every reason to expect that it would effectively reduce downgradient nitrate concentrations to 
well below the treatment standard. 

Implementability 

For a discussion of the implementability of the phytoremediation and native plant-farming 
systems, see Section 8.3.2.1 "Treatment Alternative 1-Native Plant Farming." 

Implementation of the biological denitrification system requires drilling holes and placing the 
biological media, neither of which is difficult or technically challenging. Maintenance should be 
little or none, and there is no operator labor required above that required for the native plant- 
farming system. Addition of the biological denitrification process will not significantly impact 
the implementability of the native plant-farming system. 

Cost 

The cost estimate assumes that the native plant-farming system is identical to that proposed for 
Treatment Alternative 1. The biological denitrification system consists of 63 holes placed at 5 0 4  
intervals along the 3,135-ft perimeter of the nitrate plume. The capital cost for the entire system 
is estimated at $0.84 million, and annual operating costs will be about $0.34 million. The present 
worth cost of this treatment alternative, projected over the total estimated time of 23 years, is 
$4.64 million. 

8.3.2.3 Treatment Alternative 3-Distillation 

Effectiveness 

Evaporation and water recovery using simple distillation is an established and proven technology 
for treatment of contaminated water. A distillation unit will consistently produce a product 
effluent containing less than 50 mgk. of dissolved solids, and will often meet or exceed drinking 
water standards with no further treatment required. The concentrated "brine," which contains 
essentially all of the dissolved solids, radionuclides, and other nonvolatile contaminants Erom the 
original feed, typically averages 5 percent or less of the total feed, depending on the 
concentration of contaminants in the feed. 
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The following data has been supplied for influent and effluent quality from a distillation system I 

employing a combination falling-film and vapor-recompression distillation unit. I 

Parameter Units Influent Effluent 

Conductivity mS/m 402 2.8 

pH -- 7.3 7.6 

COD MgOzfl, 227 <3 0 

Ammonium mgNH,-NL 120 0.1 

TDS m a  2,200 -4 

TSS m a  47 < I  

Based on these data, the likelihood that the treated effluent from the distillation system will be 
able to meet or exceed the applicable treatment standards is extremely high. 

The TDS concentration in the influent is sufficiently low that the feed water is not expected to 
require any pretreatment. 

The distillation process will incorporate phytoremediation of subsoil ammonia in the vicinity of 
the former tailings pile. For a discussion of the effectiveness of this process, see the 
"Effectiveness" discussion under Section 8.3.2.1 "Treatment Alternative l-Native Plant 
Farming." 

Distillation meets the requirements of 40 CFR 192 and is protective of human health and the 
environment. The treated effluent is of high quality, while the concentrated brine is of a quality 
equal to or better than that produced by other processes. 

Commercial distillation units are self-contained and include all instrumentation required for 
monitoring and controlling the operation. The units are designed for outdoor operation with no 
building required. The operation of the unit can be monitored at a remote location using the 
instrumentation and computer software provided as part of the package. The electricity-demand 
of the distillation unit is low. However, since no electric power is currently available at the . 

Monument Valley site, additional electrical power equipment will be required at the site for the 
distillation system (or for any other treatment system, for that matter). 

Commercial distillation systems are reliable and generally require a low level of oversight and 
only scheduled maintenance during their operating life. Installation of the distillation unit will be 
straightforward, and can be done by constkction personnel. Operation of the distillation 
system will require a minimum of managerial and technical supervision. The acid pretreatment 
system can operate unattended, althoughperiodic replenishingbf the acid will be required, as 

Site Observational Work Plan for Monument Valley, Arizona 
Page 8-26 

DOEIGrand Junction Office 
June 1998 



Document Number U0018100 Development and Evaluation of Active Remediation Alternatives 

well as occasional maintenance. The cost estimate for the operation of the distillation system 
includes two full-time employees for operation and maintenance. 

For optimal operation, the distillation system should be operated as nearly continuously as 
possible. However, it is expected that the flow rate produced by the extraction system will have a 
fair amount of variability. To dampen out variations in the extraction rate and produce a constant 
flow rate of feed to the distillation unit, a feed tank of approximately 100,000 gal capacity will be 
erected at the site immediately adjacent to the treatment unit. Water from the extraction system 
will flow into the feed tank, and the distillation unit will take its feed from the tank, whose level 
will be allowed to vary as needed. 

Concentrated brine is continuously generated by the distillation process. The concentration of 
solids in the brine discharged from the distillation unit is low enough that disposal is impractical 
without further concentration. The brine must be evaporated further, perhaps to dryness, by 
dewatering via solar evaporation. Since the solar evaporation rate is relatively slow compared to 
the rate of brine production, a relatively large double-lined solar evaporation pond will be 
constructed for this purpose. For a discussion of the implementability of solar evaporation ponds, 
see the "Implementability" section under Section 8.3.2.4 "Treatment Alternative &Reverse 
Osmosis." 

Commercial distillation units are modular in design. Increasing the capacity of the overall system 
above the current design capacity will require addition of more distillation units unless additional 
capacity is specified as a design requirement. 

Cost 

The capital cost of the distillation system, including the evaporation pond and required ancillary 
equipment, is estimated at $2.82 million, and annual operating costs will be about $0.73 million. 
The present worth cost of this treatment alternative, projected over the total estimated time of 
20 years, is $10.42 million. The most expensive capital item is the distillation unit itself, which 
will cost about $1.9 million. The most expensive O&M line item is electricity to operate the unit, 
which is estimated at $0.28 million per year. 

8.3.2.4 Treatment Alternative &Reverse Osmosis 

Effectiveness 

The RO system proposed for Monument Valley was recently put into service at a former uranium 
mill in Monticello, Utah. The following data were taken from two pilot testing runs of the RO 
process using Monticello treatment pond water. The concentrations shown are in micrograms per 
liter (p&) or parts per billion (ppb) for the feed, permeate, and concentrate, respectively, while 
"Reduction" is the percent by which each component was reduced in the permeate compared to 
its concentration in the feed. 
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First Run 

Component Feed Permeate Concentrate Reduction 

Calcium 186,000 920 701,000 99.6% 

Magnesium 49,000 279 190,000 99.6% 

So.dium 241,000 5,950 899,000 98.2% 

Uranium 585 4.3 2,443 99.4% 

Chloride 169 3.74 669 98.3% 

Nitrate (as N) 2.84 0.28 9.9 92.8% 

Sulfate 762 25.2 ' 3,010 97.5% 

Average 97.3% 

Second Run 

Component Feed Permeate Concentrate Reduction 

Calcium 172,000 732 1,270,000 99.6% 

Magnesium 46,600 204 360,000 99.6% 

Sodium 232,000 4,330 1,800,000 98.4% 

Uranium ,551 3.6 4,370 99.4% 

Chloride 162 2.72 1,270 98.5% 

Nitrate (as N) 2.62 0.679 19.3 76.8% 

Sulfate 750 9.36 5,910 98.9% 

Average . 95.9% 

The average nitrate removal from these two test runs was 82.4 percent, while the first data taken 
from the RO system after it was put into service at Monticello showed a nitrate removal 
efficiency of greater than 87 percent. The average nitrate concentration in the plume is 217 mg/L. 
To meet the treatment standard of 44 mg/L of nitrate, the RO system will be required to remove 
at least 80 percent of the nitrate in the feed. Based on the test and field data taken to date, the RO 
system has a good probability of being able to meet or exceed the nitrate treatment standard. 

The RO process will generate a considerable amount of reject water. Preliminary estimates 
suggest that the reject water rate will be about 25 percent of the total feed. The reject water will 
be sent to a separate pond, with an estimated surface area of 6 acres, for solar evaporation. 

Site Observational Work Plan for Monument Valley, Arizona DOWGrand Junction Office 
Page 8-28 June 1998 



Document Number U0018100 Development and Evaluation of Active Remediation Alternatives 

The RO process will incorporate phytoremediation of subsoil ammonia in the vicinity of the 
former tailings pile. For a discussion of the effectiveness of this process, see the "Effectiveness" 
discussion under Section 8.3.2.1 "Treatment Alternative I-Native Plant Farming." 

Implementability 

As mentioned above, the RO process will utilize an existing DOE-owned facility currently in 
operation at Monticello, Utah. This unit will become available as soon as the Monticello 
repository is closed in the summer of 1999. The RO equipment will be relatively easy to install 
and operate. The system is very well instnunented and requires a minimum of operator attention. 
There is a low potential for schedule delays in the construction of the system at the Monument 
Valley site. However, specialists will be needed to oversee construction of the system. 

The RO process can be modified and improved by replacing the filter elements. The existing 
system has a capacity of 150 gpm of permeate, equivalent to about 200 gpm of influent at 
25 percent brine generation. The system consists of three parallel trains. Operation at the required 
Monument Valley flow rate will require operating two of these trains while the third is left in a 
stand-by mode. The capacity of thesystem may be increased to its maximum of 200 gpm by 
operating all three trains at once, although system reliability will be degraded since there will be - - - .  - 
no standby unit to bring on-line during maintenance of one of the operating trains. 

As with construction, specially trained persons will be needed to operate the system. Operators 
and managers are not available in the local area. An extensive training program will be needed if 
local residents are to operate this treatment alternative without extensive oversight by DOE 
technical contractors. The cost estimate assumes that one operator per shift will be required for 
continuous operation of the complete treatment system. A moderate degree of management 
oversight will be required to ensure the plant operates safely and efficiently. 

The RO process will generate little, if any, additional sludge compared with the distillation 
process. However, as noted above, it does generate a very large quantity of reject water, on the 
order of 20 to 25 percent of the total feed. The large solar evaporation pond required for 
concentration of this quantity of reject water is a major operational consideration in itself. 

Operating the evaporation pond will require the following principal functions: Embankment 
inspection and maintenance, liner inspection and repair, monitoring water levels. and monitoring . . - - 
forleaks. Given the high degree of automation in the RO system, it is anticipated that all of the 
pond operation fimctions can be performed by the reverse-osmosis system operator. The first 
three functions can be performed with periodic inspections by the operator working the day shift. 
The need for inspections can be minimized by installing and maintaining adequate fencing to . 
keep livestock and wildlife away from the pond. 

Monitoring for leaks will consist primarily of monitoring the water levels in the sump@) of the 
leak detection system. This can be done remotely using a telemetry system. Leak detection pump 
status can also be monitored remotely using telemetry. 

6 
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The principal environmental compliance issue associated with maintaining large, lined ponds is 
uncontrolled release through overflow, or leaks. Use of double-lined ponds and an interliner leak - 
detection system will control subsurface releases. Such engineering controls are highly reliable. 
Overflow of the pond is unlikely because the levels change relatively slowly due to their size, 
and will be monitored on a regular basis by operating personnel. 

A large, open body of water in an arid region attracts birds and insects, creating a potential 
exposure pathway for contamination. Over time, the concentration of uranium, metals, and 
metalloids (e.g., selenium) in the pond water will increase. Birds and insects may be attracted to 
the ponds and exposed to high levels of contaminants. The risk increases with a spray system in 
which contaminants become airborne. Thus, the ability to control waterfowl and insect access to 
heavily contaminated water will be a concern for the system's operator. 

Cost 

The capital cost of the RO system is approximately $1.71 million. The RO unit itself is surplus 
DOE-owned equipment from another site. The single largest direct capital cost item is the 
construction of the large solar evaporation pond for the reject water, which accounts for almost 
half of the total capital cost. The estimated annual O&M cost is $0.92 million, of which the 
single largest item is unit operators, since it is assumed that 24-hour coverage will be required. 
Thus the 20-year present worth value for this process is $1 1.33 million. 

8.3.2.5 Treatment Alternative 5-Continuous Ion Exchange 

Effectiveness 

Continuous ion exchange is recognized as a highly effective process for removal of nitrate from 
contaminated water. According to EPA Bulletin EPA-600lS2-82442, "(t)he ion exchange 
process is generally more suitable as a well treatment for NO, than R.O. or a combination of the 
two. Ion exchange ... has higher water recovery (and) produces (a) more concentrated waste 
brine ..." Traditionally, continuous ion exchange has been used for systems with relatively low 
nitrate levels. Advances in the technology have made continuous ion exchange competitive at 
higher nitrate levels such as those in the Monument Valley alluvial aquifer. 

The continuous ion exchange process proposed for the Monument Valley site can reduce the 
nitrate level in the treated water to as low as 2 mgL nitrate as nitrogen (NO,-N,), well below the 
required treatment level of 10 mgL. Low levels of nitrate removal (i.e., significantly below 
treatment standards) are associated with higher brine generation and increased salt consumption. 
The optimum range for continuous operation to minimize brine consumption and salt 
consumption is about 7 to 8 mgL NO3-N, in the treated water. The continuous aspect of the 
proposed process eliminates fluctuations in discharge nitrate level, so that setting the target 
concentration near the regulatory limit is not a concern. 

The continuous ion exchange process requires a small amount of salt for regeneration of the ion 
exchange resin. The regeneration process normally uses sodium chloride, NaCl. It can operate 
equally well using potassium chloride, KCI, also known as potash. This increases the cost of the 
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regeneration process, but the regeneration process will produce a concentrated fertilizer solution 
rather than a waste brine. 

The proposed system will not remove sulfate from the ground water. As stated in Section 8.1.2, 
the sulfate treatment goal for the Monument Valley alluvial aquifer is a final level of 2,000 mg/L. 
The average sulfate concentration in the contaminant plume is 755 mg/L, significantly below this 
level. The extraction system will pump from many different areas of the plume simultaneously, 
and the remediation process will mix this water together into a single homogenized feed stream. 
Therefore, DOE anticipates that the sulfate goal will be met or exceeded without the need for any 
intervention in the treatment process. Should this prove not to be the case, or should a lower 
sulfate treatment goal be imposed on the process, the continuous ion exchange process can be 
modified by replacement of the nitrate-specific resin with a sulfate-specific resin which will also 
remove nitrate. This would increase brine generation and salt consumption. 

In the continuous ion exchange process, aqueous nitrate ions "exchange" with chloride ions on 
the surface of the resin. The nitrate is subsequently removed in the regeneration process. The 
chloride that is dislodged from the surface of the resin will report to the treated water. Chloride 
concentrations in the ground water at the Monument Valley site average about 25 mgk,  
commensurate with the background concentrations. Assuming an average ground-water nitrate 
concentration of 217 mgk,  the chloride concentration in the treated water will increase by about 
125 mg/L, to an average of about 150 m a .  This is comfortably below the Navajo Nation's 
proposed chloride treatment standard of 250 mg/L (proposed for the Tuba City site; no 
equivalent was proposed for the Monument Valley site), and therefore the increased chloride 
concentration is not expected to be a problem. 

The continuous ion exchange process will incorporate phytoremediation of subsoil ammonia in 
the vicinity of the former tailings pile. For a discussion of the effectiveness of this process, see 
the "Effectiveness" discussion under Section 8.3.2.1 "Treatment Alternative 1-Native Plant 
Farming." 

Implementability 

Commercial continuous ion exchange units are self-contained and include all instrumentation 
required for monitoring and controlling the operation. The units are designed for indoor 
operation, so a building will have to be provided. The operation of the unit can be monitored at a 
remote location using the instrumentation and computer software provided as part of the 
package. The electricity demand of the continuous ion exchange unit is very low, less than 2 HP 
for the brine pumps and the drive motor for the turntable. 

The continuous ion exchange system is reliable and should require a low level of oversight and 
only scheduled maintenance during their operating life. Installation of the unit will be 
straightforward, and can be done by project construction personnel. Operation of the contin~~ous 
ion exchange system will require a minimum of managerial and technical supervision. The 
regeneration system can operate unattended, although periodic replenishing of the salt will be 
required, as well as occasional maintenance. The cost estimate for the operation of the distillation 
system includes two full-time employees for operation and maintenance. 
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For optimal operation, the continuous ion exchange system should be operated as nearly 
continuously as possible. However, it is expected that the flow rate produced by the extraction 
system will have a fair amount of variability. To dampen out variations in the extraction rate and 
produce a constant flow rate of feed to the continuous ion exchange unit, a feed tank of 
approximately 100,000 gal capacity will be erected at the site immediately adjacent to the 
treatment unit. Water from the extraction system will flow into the feed tank, and the continuous 
ion exchange unit will take its feed from the tank, whose level will be allowed to vary as needed. 

A small amount of concentrated brine is continuously generated by the regeneration portion of 
the continuous ion exchange process. The concentration of solids in the brine is low enough that 
disposal is impractical without further concentration. The brine must be evaporated further, 
perhaps to dryness, by dewatering via solar evaporation. Since the solar evaporation rate is 
relatively slow compared to the rate of brine generation, a double-lined solar evaporation pond 
with a surface area of approximately 0.45 acres will be constructed for this purpose. For a 
discussion of the implementability of solar evaporation ponds, see the "Implementability" 
section under Section 8.3.2.4 "Treatment Alternative +Reverse Osmosis." 

Continuous ion exchange units are modular in design. Increasing the capacity of the overall 
system above the current design capacity will require addition of more treatment units unless 
additional capacity is specified as a design requirement. I 

Cost 

The capital cost of the continuous ion exchange treatment system, including the building in 1 
which the unit will be housed, is approximately $1.44 million. The single largest direct capital 
cost item is the continuous ion exchange unit itself, which is estimated at $0.52 million. The I 

estimated annual O&M cost is $0.44 million. It is assumed that only two full-time operators will ~ 
be required, the same staffing level assumed for the distillation system. Thus the 20-year present 
worth value for this process is $6.03 million. ! 
8.4 Comparative Evaluation of Alternatives I 

I 

The following section compares the five treatment alternatives and recommends a proposed 
treatment alternative for implementation at the Monument Valley site. The treatment alternatives 
are compared with one another on the basis of each of the evaluation criteria presented in the i 
introduction to this section. For purposes of this discussion, the treatment alternatives utilizing 
injection of treated effluent with either the distillation, RO, or continuous ion exchange processes I 

will be referred to as "active" systems. The extraction and irrigation aspects of the treatment ~ 
alternatives utilizing native plant farming are active too, but the treatment process itself is 
passive. i 
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8.4.'1 Comparative Effectiveness 

8.4.1.1 Conformance with Project Treatment Standards (40 CFR 192) and Goals 

Of the active treatment alternative systems, distillation and continuous ion exchange both 
produce an effluent (treated water) of a composition that exceeds the requirements of 40 CFR 
192. The distillation process will produce a higher quality effluent, with almost total removal of 
sulfate. nitrate, and radionuclides, and final TDS levels very near 0 m a .  The effluent from the - 

continuous ion exchange process is expected to contain about 7 to 8 mg/L of NO3-N,, which is 
below the treatment standard; it can be operated to achieve lower nitrate levels at the cost of 
higher brine generation and salt consumption. Also, as noted above, the effluent from the 
continuous ion exchange process will have elevated chloride levels. 

RO appears to have a good probability of being able to meet the requirements of 40 CFR 192 
also. However. the level of uncertainty regarding the nitrate removal efficiency of the RO - - - 
process is higher than that for the distillation and ion exchange processes. 

In the event that active treatment is required for sulfate reduction, distillation and RO will also 
produce an effluent that will exceed the project treatment goal for sulfate without any impact on 
the processes. Continuous ion exchange can be modified to meet the sulfate goal also, but at the 
cost of higher brine generation, increased salt consumption, and increased chloride discharge. 

The native plant-farming system will consume nitrate efficiently and essentially completely as 
long as irrigation rates are kept low enough that no recharge to the aquifer takes place. The 
saltbush will also remove about 25 percent of the sulfate. The pilot test is expected to confirm 
that the residual sulfate will not pose a contamination concern for the soils in the remediation 
area. 

Ultimately, however, the success or failure of the remediation process will be determined not by 
the quality of the effluent water from the treatment process, but by the quality of the ground 
water in the alluvial aquifer. Distillation, RO, and continuous ion exchange all utilize injection of 
treated water back into the aquifer as an integral part of the remediation process. From the 
standpoint of ultimate aquifer cleanup, the injection process serves two useful functions. First, it 
provides a pressure gradient within the plume which will help to direct contaminated water 
towards the extraction wells; and second, it provides a pressure gradient at the perimeter of the 
plume which will contain the spread of contaminants beyond their present limits. Whether, in the 
long run, treatment standards and goal can be met by any pump-and-treat system is problematic 
(see "Limitations of the Proposed Treatment System" in Section 8.5.3), but if it is possible to 
meet the cleanup goals within the specified time frame, one of these three treatment systems 
provides the likeliest route. 

The potential long-term effectiveness of the treatment systems utilizing native plant farming is 
much more difficult to assess. Whereas the active systems operate on a continuous basis with 
steady flow rates of both extracted and injected water, the native plant treatment alternatives do 
not use injection at all, A d  the extraction rates vary from month to month, and are shut down 
completely for several months each year. The effect of such cyclic extraction on the behavior of 
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the contaminants which make up the plume is unpredictable. The spread of the contaminant 
plume can be minimized by addition of the passive biological denitrification at the downgradient 
edge of the plume, as described under Treatment Alternative 2. 

All of the treatment processes can be designed to provide optimal protection of health for the 
plant operators and persons living or working in the vicinity, as well as those who depend on the 
alluvial aquifer for part or all of their water supply. 

8.4.1.2 Effect on the Aquifer 

The treatment alternatives utilizing native plant farming operate on a seasonal basis and do not 
utilize injection of treated water, so over the course of the remediation process, approximately 
1.08 billion gal of water will be removed from the alluvial aquifer. 

If one of the active remediation alternatives is employed, some loss of ground water will occur 
during the remedial action. Loss of ground water will be minimized by Treatment Alternatives 3 
and 5, because the waste water stream from the distillation and continuous ion exchange 
processes is small. Treatment Alternative 4 will have much higher water loss, because of the 
large amount of reject water generated by the RO process. 

8.4.1.3 Ease of Residual Disposal 

The native plant-farming treatment alternatives do not produce a treatment process residual. The 
only residuals from the native plant-farming process will be a small amount of residuals from the 
drilling process. In addition, the extraction system will have to be maintained during the 
remediation operation and dismantled at its end. (This is also true of the active processes, but 
since the extraction and reinjection systems for those processes have less than half the number of 
wells required for the native plant-farming system, generation of this type of waste will be 
proportionately less.) These materials should be classified for free release and disposal at a 
commercial landfill operation. For this reason, estimates of the volume of such materials have 
not been made. Due to stakeholder concerns, the wood pulp used in the biological denitrification 
process will have to be removed and disposed of at the conclusion of remediation. The estimated 
volume of this material is 700 @, which should also be amenable to disposal in a commercial 
landfill. 

The principal treatment residual produced by the active treatment processes is the concentrated 
sludge that contains the dissolved and suspended solids which were removed from the ground - ., 
water during treatment. As described in the detailed evaluation of the treatment alternatives, the 
three processes produce somewhat different amounts of this sludge. Sludge production will also 
vary over the lifetime of the project; initially it will be low because the initial extraction rate is 
significantly less than the peak rate, and it will again decline towards the end of the remediation 
cycle as the concentration of contaminants in the plume declines. The ground water contains the 
equivalent of 339 tons of sludge per year, based on the average TDS concentration in the ground 
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water. The following are average figures for sludge generation which can be used to compare the 
two treatment alternatives. 

Distillation will generate about 427 tons of sludge per year. The distillation process requires 
the addition of some antiscalant, which will generate additional dissolved solids which will 
end up in the distillation concentrate. 

RO will generate about 505 tons per year. The RO process requires a lime softening step 
prior to the RO step, which will add somewhat more chemicals than the chemical 
pretreatment of the distillation process. 

Continuous ion exchange will generate about 809 tons of sludge per year. The regeneration 
stage of the continuous ion exchange process consumes salt, which will report to the sludge 
and increase its mass. 

The other major treatment residual will be the pond liners, which will be disposed of at the end 
of the remediation program. This is a comparatively small quantity compared with 8,000 to 
16,000 tons of chemical sludge. Treatment Alternative 4, RO, produces the greatest amount of 
this waste, because of the large solar evaporation pond required to handle the reject water from 
the RO process. Treatment Alternatives 3 (distillation) and 5 (ion exchange) require much 
smaller ponds and will generate proportionately much smaller quantities of this waste. 

Used piping, process equipment, filter elements, etc. which are discarded during treatment or are 
left over from the treatment systems at the end of the remediation, should be able to be 
free-released and disposed of at any commercial landfill operation, or reused elsewhere if the 
need exists. For this reason, estimates of the volume of such materials have not been made. 

8.4.2 Comparative Implementability 

8.4.2.1 Constructability 

The distillation and continuous ion exchange treatment alternatives areself-contained units and 
will be relatively simple to construct. The RO system will be dismantled and shipped from 
Monticello to Monument Valley, and should be relatively simple to reconstruct also. The main 
difference is that the distillation system can be installed outdoors, and will require a concrete slab 
or slabs as a foundation, as well as piping and electrical connections. The RO unit or continuous 
ion exchange unit, on the other hand, must be installed indoors in order to guard against Ereezing. 
Therefore, a permanent building will be required for the systems using these processes. The RO 
system may also require a feed heater in order to reduce the amount of brine produced. The feed . 
preheater is part of the existing installation, having already been installed at Monticello. 

The solar evaporation pond for brine is not expected to be difficult to construct. The larger size 
of the pond required for the RO system will add cost but is not expected to add significantly to 
the difficulty of installation. 
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The native plant-farming systems utilize extensive irrigation systems with many thousands of 
feet oEpiping. Installation of these systems will not require highly skilled labor, but will require a I 

considerable amount of less-skilled labor, as will the seeding andlor planting necessary to I 

establish the system. I 

The extraction and injection system for the active treatment alternatives will be easier to 
construct than the extraction system for the native plant-farming treatment alternatives because it 
requires many fewer wells (40 vs 86), does not require a holding tank with controls, and because 
the injection wells will not require pumps. 

8.4.2.2 Ease of Operation and Maintenance 

I 
All of the active treatment alternative processes are expected to be relatively easy to operate, I 

primarily because they are packaged systems designed to require minimal operator interface 
beyond routine monitoring. All of these treatment systems will shut off automatically in the 
event of problems, and will relay the required information to the system monitor. For this reason, 1 
the cost estimate for the distillation and continuous ion exchange systems includes only two 
employees for operations and maintenance. Based on experience at Monticello, it is considered 
unwise to allow the RO system to operate unattended for extended periods of time; among other 

I 
things, cleaning of the osmosis elements, which must be done frequently, is a manual operation. I 

So the cost estimate for the RO system includes 24-hour operator coverage. An additional 
employee, one mechanic, is needed for this operation. These positions are specialty jobs, and 
persons filling them will require extensive training. I 

The operationlmaintenance personnel for the active treatment systems will require a relatively 
high degree of technical and mechanical competence to be able to understand, monitor, and 
service either of the secondary treatment systems. Maintenance of the distillation and continuous 
ion exchange systems is expected to be infrequent, but will not be inexpensive, since special 
parts &d services which may only be available from the vendor or manufacturer will be required 
to repair and maintain these units. Maintenance of the RO system will be more frequent, as 
described above. The most onerous maintenance task on the RO system will be element change 
out and replacement, which it is hoped will be required relatively infrequently. 

The systems utilizing native plant farming are expected to be very labor-intensive. The extensive 
irrigation system will require continuous maintenance during the irrigation season, and there is I 
expected to be a regular need for "gardening" duties such as harvesting excess saltbush growth 
and weeding. During the winter months, and at night during the summer, the system will 
probably be left unattended. The cost estimates for these treatment alternatives assume two 
operators working 12 hours per day for 240 days. 

The type and skill level needed for operation and maintenance of the extraction and injection 
systems used for the active treatment alternatives is expected to be comparable to that for the 
simple extraction system required for the native plant-farming system. While the simple 
extraction system for the native plant-farming treatment alternatives is more extensive than that 
required for the active treatment alternatives, the simple extraction system is only operated 
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seasonally, while the active treatment alternatives require year-round maintenance and operation. 
The cost estimates for both systems assume two employees. 

8.4.2.3 Expected Reliability 

A less complex system is generally more reliable than a complex design. The distillation and 
continuous ion exchange systems are expected to require less than 10 percent down-time for 
routine maintenance. An estimated down-time of 15 to 20 percent or greater will be required to 
properly maintain the RO system. The vast irrigation system required for the native plant- 
farming treatment alternatives is expected to be relatively unreliable, but most problems are - 
expected to be local in nature; failures affecting all or large portions of the irrigation system will 
be relativelv uncommon. The most troublesome aspect of reliability of the irrigation system is 
expected to be the initial startup at the beginning of each irrigation season. 

The extractionlinjection system required for the active treatment alternatives is expected to be 
significantly more reliable than the extraction system required for the native plant-farming 
systems, because of its smaller size and because it will be operated continuously, which is 
generally easier on equipment such as pumps than frequent and extensive shutdown. 

8.4.2.4 Ability to Handle Changes in Influent Composition 

The treatment alternatives which rely on native plant farming are not expected to be significantly 
impacted by minor changes in influent composition. An increase in nitrate concentration will - 
promote greater growth of vegetation, while a decrease will cause less vigorous growth. Major 
increases in nitrate concentration could exceed the nitrate uptake capacity of the existing plants. 
Changes in the concentration of other, inert constituents will not affect the quantity or thequality 
of the vegetation produced. 

Changes in influent concentration will affect the rate of brine generation in the distillation system 
(Treatment Alternative 3) and the continuous ion exchange system (Treatment Alternative 5), but 
both these systems are expected to be reasonably tolerant of changes in influent. In the case of 
the distillation system, since nitrate is not volatile, an increase in nitrate concentration in the feed 
will not affect the nitrate concentration in the distillate. The automatic control system in the 
continuous ion exchange system should allow it to adjust to changes in influent concentration 
without affecting the quality of the treated water. The distillation system will also not be affected 
by increases in any other nonvolatile contaminant. Since the ion exchange resin is specific for 
nitrate, changes in the composition of any other constituent should report directly to the treated 
water. 

Under most circumstances, a change in influent composition would affect only the quantity of 
reject water produced by the RO system (Treatment Alternative 2). However, since the nitrate 
concentration in the influent is already high, a significant increase in nitrate concentration could 
cause "breakthrough" of nitrate into the treated water at levels above the nitrate treatment 
standard. 
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If it becomes necessary to meet treatment standards for additional constituents, the effectiveness 
of an active process will depend on the nature of the contaminant to be treated. Distillation 
removes a very high percentage of all nonvolatile contaminants, while RO removes a very high 
percentage of all contaminants having ion sizes larger than nitrate. RO would be ineffective for 
treatment of species having very small ions, while distillation would be ineffective against 
volatile species such as light organics. The ion exchange resin is specific for nitrate, as 
mentioned above. The sulfate goal could be met by the continuous ion exchange process by 
replacing the nitrate-specific resin with a sulfate-specific type (which would also be effective 
against nitrate). This would not be the case, however, if it became necessary to treat for.another 
contaminant such as selenium (though this is not anticipated). 

8.4.2.5 Ability to Handle Increases in Extraction Capacity I 

I 

The systems using native plant farming are limited in capacity by the area available for planting, 
and by the maximum water available from the alluvial aquifer. The system proposed here 1 
stretches both of these factors approximately to their limits. It will probably not be possible to 
accelerate the remediation timetable using these processes beyond the 23 years currently 
projected. If it becomes necessary to treat more water than currently projected, additional I 

treatment time will be required. 

The RO system used in Treatment Alternative 4 is designed for a permeate rate of up to 150 gpm 1 
if all three trains are in operation. With a brine rate of 25 percent, this means that two trains can 
handle a total feed flow of up to 133 gpm. Since the design extraction rate is 103 gpm, normal 
operation will require operating two of the trains while the third remains in stand-by mode, 1 
which is the arrangement recommended by the manufacturer. However, all three trains can be 
operated in parallel if required. Also, the maximum feed rate for a RO system is to an extent a 
function of the feed composition. If an increase in feed rate were accompanied by a decrease in 1 
contaminant concentration, such as if wells from less contaminated areas of the plume were put 

I 
on-line, it would have little effect on the RO system. I 

The distillation unit selected for Treatment Alternative 3, and the continuous ion exchange unit 
selected for Treatment Alternative 5, will be specified for a maximum capacity of about I 

110 gpm. Increasing the capacity beyond 110 gpm will require purchase and installation of 
I 

additional unit(s). This will be expensive but fairly easy to implement. 
I 

8.4.3 Comparative Cost 
! 

The estimated capital cost, annual O&M cost, and present worth value for each of the individual 
treatment processes, as well as for the extraction and injection treatment alternatives, have been 
given in their respective articles in Section 8.3, and are briefly summarized below. All costs are 
in millions of dollars. ("Phytoremediation of Subsoil Ammonia" refers to the planting of native 
species in the area of the former tailings pile to remediate ammonia-contaminated soil. 
"Phreatophyte Phytoremediation" refers to the planting of black greasewood over the area of the 
nitrate plume to clean the shallow portion of the alluvial aquifer.) 
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Process 

------ Cost in Millions of $ ------ 

Capital 
O&M Present 

(annual) Worth 

Phytoremediation of Subsoil Ammonia 0.20 nfa 0.20 

Phreatophyte Phytoremediation 0.25 nfa 0.25 

Native Plant Farming 0.60 0.34 4.37 

Native Plant Farming with Biological 0.84 0.34 4.64 
Denitrification 

Distillation 2.82 0.73 10.42 

Reverse Osmosis 1.72 0.92 11.33 

Continuous Ion Exchange 1.44 0.44 6.03 

Vertical Extraction Wells w/o Injection 2.81 0.34 6.41 

Vertical Extraction Wells with Injection 1.58 0.31 4.8 

The capital and present-worth costs for the processes incorporating native plant farming are 
substantially lower than the comparable costs for any of the active treatment systems, as would 
be expected. The cost of the extraction-with-injection system is substantially lower than the cost 
of the extraction system that does not use injection because it uses fewer wells (40 total versus 
86), and because the injection system only operates for 20 years while the other system would 
have to operate for up to 23 years. The significance of this difference will become apparent as the 
costs for alternative processes are combined into co'mplete treatment systems. 

The costs for the treatment alternatives are calculated by totaling the costs of the various 
processes which comprise them. 

Treatment Alternative 1-Native Plant Farming - includes phytorernediation of subsoil 
ammonia, phreatophyte phytorernediation, native plant farming, and vertical extraction 
wells without injection. 

Treatment Alternative 2-Native Plant Farming with Biological Denitrification - includes 
phytoremediation of subsoil ammonia, phreatophyte phytorernediation, native plant farming 
with biological denitrification, and vertical extraction wells without injection. 

Treatment Alternative 3-Distillation - includes phytorernediation of subsoil ammonia, 
distillation, and vertical extraction wells with injection. 

Treatment Alternative &Reverse Osmosis - includes phytoremediation of subsoil 
ammonia, RO, and vertical extraction wells with injection. 

DOWGrand Junction Ofiice 
June 1998 

Site Observational Work Plan for Monument Valley, Arizona 
Page 8-39 



Development and Evaluation of Active Remediation Alternatives Document Number UOOl8lOO I 

Treatment Alternative 5--Continuous Ion Exchange - includes phytoremediation of subsoil I 
ammonia, continuous ion exchange, and vertical extraction wells with injection. 

The costs of the complete treatment alternatives then are as follows. . 

------ Cost in Millions of $ ------ 
Treatment Treatment O&M Present Capital 

Alternative No. Alternative Name (annual) Worth I 

1 Native Plant F m i n g  3.87 0.67 11.24 

2 
Native Plant Farming with 1 
Biological Denitrification 

4.11 0.68 11.31 I 

3 Distillation 4.61 1.05 15.42 
I 

4 Reverse Osmosis 3.51 1.22 16.33 

5 Continuous Ion Exchange 3.22 0.75 11.03 1 

Note that while, as mentioned above, the native plant-farming process is significantly less costly 
than any of the active treatment processes, adding the costs of the extraction system significantly 
alters the economics. The capital cost of the complete Treatment Alternative 5 is actually more I 

than 10 percent less than that of Treatment Alternative 1, and Treatment Alternative 5 is the least I 

expensive complete treatment system on a present-worth basis. However, the difference in 
I 

present-worth value between Treatment Alternatives 1 and 5 is less than 2 percent. Since the cost I 

estimates themselves are intended to be accurate only to about 25 percent, this difference may be 
neglected. 

I 
I 

8.4.4 Comparative Summary 

The preceding discussion has presented ten evaluation criteria, and has compared the five 
treatment alternatives with regard to each of these criteria. The following table lists the treatment 
alternatives, in order of preference with 1 being the highest, for each of these ten evaluation I 

criteria. (Note that ties occur in a few cases, such as for fourth place in "Impact on the Aquifer" I 
and for first in "Ease of Operation and Maintenance.") 
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Key: Dist = Distillation 
IX =Ion Exchange 
RO = Reverse Osmosis 
NPF = Native Plant Farming 
NPFIB = Native Plant Farming with Biological Denitrification 

8.4.4.1 Determination of Proposed Treatment Process 

Treatment Alternative 1-Native Plant Farming, is the preferred technology from the standpoint 
of residual disposal, since it makes a valuable product rather than a waste sludge, and is a close 
second in its ability to handle changes in influent composition. On the other hand, it is the least 
desirable treatment alternative with respect to conformance with treatment standards and goals, 
as well as ease of operation and maintenance; and it is tied for last place as far as its impact on 
the alluvial aquifer and its ability to handle increases in extraction capacity. 

Treatment Alternative 2-Native Plant Farming with Biological Denitrification, is rated highest 
in ability to handle changes in influent composition, but lowest in constructabilitv. In most other - A 

respects it is similar to the native plant-farming option that does not use biological 
denitrification. Its only advantage over the simpler treatment alternative, as stated earlier, is that 
the use of biological denitrification makes it possible to contain the spread of the plume. 

Treatment Alternative 3-Distillation, is the first choice in three cate~ories-conformance with - 
treatment standards and goals, impact on the aquifer, and constructability, and is tied for first 
(with continuous ion exchange) for ease of operation and maintenance. This is the best showing 
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of any technology in the process-related categories. The only serious drawback to distillation is 
cost - it has the highest capital cost requirement of any treatment alternative, and is second- 
highest in present value cost. 

Treatment Alternative +Reverse Osmosis, is rated highest in ability to handle increases in 
extraction capacity; it is the only technology, in fact, that can absorb a significant increase in 
extraction capacity without either requiring additional costly treatment modules, or being 
overdesigned in the first place. (This is not an inherent feature of this particular technology, but 
instead is due to the fact that this treatment alternative utilizes an existing DOE-owned facility 
with a capacity of nearly 200 gpm.) RO is second choice with respect to constructability and 
initial capital outlay, because it utilizes existing equipment. However, RO rates poorly on 
residual disposal, because of its large brine generation, and ability to handle changes in influent 
composition. And its present worth cost is the highest of any treatment alternative, mainly 
because it requires more operator personnel than any other treatment process. 

Treatment Alternative 5--Continuous Ion Exchange, requires the smallest capital outlay, is the 
least expensive from a present-worth standpoint (although the difference in present-worth value 
between ion exchange and native plant farming is much less than the probable error in the cost 
estimates), and is expected to be the most reliable of all the treatment alternatives. It is also a 
close second on conformance with treatment standards and goals, impact on the aquifer, and 
ability to handle increases in extraction capacity. Perhaps as significant, continuous ion exchange 
is not rated least desirable in any category - the only treatment alternative for which this is true. 

Of the "active" processes, RO is the poorest choice. It has the highest present-worth value of any 
of the treatment alternatives, and has the lowest chance of success of any of the active treatment 
alternatives. Thus. there is no reason to consider RO further. 

From a purely process standpoint, distillation is preferable to continuous ion exchange. 
Distillation is a very robust process that will produce a treated effluent that easily exceeds 
treatment standards for any nonvolatile contaminant. Continuous ion exchange, on the other 
hand, is a specific treatment process that is only effective against nitrate. It can be made effective 
against sulfate too, but at the cost of additional capital outlay, higher operating costs, and higher 
chloride emissions. Distillation, on the other hand, will remove all of the sulfate from the water 
by its very nature. For many ground water applications, distillation would be the clear choice. 
However, at Monument Valley, nitrate is the only regulatory COC. Since the average sulfate 
concentration in the aquifer is only 755 mg/L, the treatment goal of 2,000 mg/L sulfate can 
almost certainly be met by an active process simply by the mixing inherent in such a process, 
without the need to treat sulfate specifically. Thus, the greater flexibility of the distillation 
process is not an advantage in this particular instance. The continuous ion exchange process is far 
less expensive, both to purchase and to operate, than the distillation process. Therefore, to 
address the specific requirements of the Monument Valley remediation program, continuous ion 
exchange is the preferred "active" treatment alternative. 

There appears to be little to choose between the two treatment alternatives utilizing native plant 
farming, and no need to labor the sole distinction between them. The question instead is whether 
the preferred treatment alternative is one of the native plant-farming processes, or continuous ion 
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exchange. The cost difference between these treatment alternatives is less than 2 percent, while 
the estimates themselves are only intended to,be accurate to within about 25 percent, so the 
apparent difference in present-worth value between continuous ion exchange and native plant 
farming is not meaningful. Only from the standpoints of residual disposal and ability to handle 
changes in influent composition do the native plant-farming processes have an advantage over 
continuous ion exchange, based on the criteria outlined above. The native plant-farming process 
does produce a valuable product, namely the saltbush which is a useful grazing fodder. The 
continuous ion exchange system is also capable of producing a useful product, in its case a 
nitrate fertilizer, by substituting potash for table salt in the regeneration process. However, the 
additional cost of the potash would increase the operating costs for continuous ion exchange such 
that its present-worth value would exceed that of native plant farming. 

Continuous ion exchange is expected to be more reliable, and to have a higher chance of being 
able to meet the treatment goals and standards, than the native plant-farming treatment 
alternatives. Also, there are a number of uncertainties associated with implementation of the 
native plant-farming processes. The discussion of these processes in Section 8.2.2 details a 
number of these areas of uncertainty. Some of them will be addressed during the pilot study 
planned for this summer, but others may not be answered until the system has been in operation 
for several years. The only uncertainty associated with continuous ion exchange is whether the 
composition and geology of the alluvial aquifer will make it possible for treatment standards to 
be met. This uncertainty is common to all pump-and-treat systems, native plant farming 
included. 

On the other.hand, during the planning for the native plant farming pilot study, numerous 
discussions were held with residents of the area immediately adjacent to the former millsite to 
gauge their reaction to the potential implementation of this process. Native plant farming was 
extremely well received by these residents, many of whom graze sheep in the area and consider 
founving saltbush to be a very desirable food source for their livestock. The appeal of using the 
contaminated water to produce a product which is considered valuable by those most affected by 
cleanup of the groundwater is undeniable. And the native plant farming and continuous ion 
exchange processes are economically indistinguishable from each other while being clearly 
superior to the alternative active processes, so implementation of either technology would be a 
responsible use of taxpayer resources. 

Considering all of the above, and taking into consideration the pilot study of native plant farming 
which is expected to address many of the uncertaintiesregarding that process, there is 
insufficient information to make a final choice between native plant farming and continuous ion 
exchange at this time. Once the pilot study has been completed and analysis of the data from the 
study has been finalized, the relative merits of the two processes will be re-examined and a final . 

decision will be made. In the interim, both Treatment Alternative 1-Native Plant Farming, and 
Treatment Alternative 5-Continuous Ion Exchange, will be considered as acceptable treatment 
technologies for the Monument Valley Remediation Program. 
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8.5 Proposed Remediation Processes 
I 

The two acceptable remediation processes each consist of three systems. This section discusses 
each of those systems, for both of the acceptable processes. I 

8.5.1 Description of Proposed Remediation Process I 
I 

8.5.1.1 Proposed Extraction System 

The extraction system for the native plant farming system consists of a total of 86 extraction 1 
wells, varying in depth up to a maximum of approximately 90 ft. The expected flow rate per well 
is 3 gpm, giving the extraction system a peak capacity of 258 gpm once all wells are in service. I 

I 

The extraction system for the continuous ion exchange system consists of a total of 20 extraction 
wells, varying in depth up to a maximum of approximately 90 ft., depending on the depth of the 
alluvial aquifer at the particular location. The expected flow rate per well is 6 gpm, giving the 
extraction system a peak capacity of 120 gpm once all wells are in service. I 

I 
A typical extraction-well design for the Monument Valley site would consist of a 10-in. diameter 
borehole completed with 6-inch diameter wire-wrapped well screen and blank PVC. The section I 

of the well containing the well screen will be completed with an appropriately-sized sand pack. 
The final design of the well and the size of the pump will be optimized based on field conditions. 

I 

The extraction wells will be installed across the nitrate plume, an area measuring approximately I 

11.2 million square feet or about 260 acres. The water pumped from these wells must be 
collected from across this substantial area and delivered to the treatment facility. Each pump will I 

I 
discharge into a 6 in. PVC outlet pipe. These outlet pipes will be directed into a series of headers, 
which in turn will connect to the main 6 in. PVC extraction system discharge pipe which is 
routed to the feed pond. 

8.5.1.2 Proposed Native Plant Farming Treatment System 

The water from the extraction system will be collected in a 300,000-gallon steel feed tank. This 
tank will be equipped with a level control system with full instrumentation and controls. Use of I 
the feed tank will allow the delivery of up to 616 gpm of water to the irrigation system for a 
maximum of 10 hours per day, while the extraction system delivers up to 257 gpm continuously, 
replenishing the level in the feed tank at night when the irrigation system is not in use. I 
The native plant farming system covers an area 529 m square, for a total of 28 hectares (69 acres) 
which is planted in founving saltbush, atriplex canescens. The planted area, based on plantings I 

3 m apart with a plant canopy of 1 meter, is one-third of the total area or 9.33 hectares, giving a 
total of 177 rows. The total estimated maximum annual irrigation rate for high productivity is 
48.5 million gal, so remediation of 1.08 billion gal using native plant farming will require 
23 years. I 
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The irrigation system will consist of a central manifold 529 m in length, fabricated of 6-in. PVC, 
and an estimated 93,000 linear m of drip lines. The system includes some 28,000 emitters which 
will drip water to the plants according to a predetermined schedule. 

8.5.1.3 Proposed Continuous Ion Exchange Treatment System 

The water from the extraction system will be collected in a 100,000-gal FRP feed tank. This tank 
will be equipped with a level control system with full instrumentation and controls. From the 
feed tank, contaminated water is pumped directly to the continuous ion exchange system. This 
will consist of one self-contained unit, containing as many as 30 ion exchange elements, with a 
feed capacity of between 100 and 120 gpm. The units will be instrumented to permit continuous 
operation with remote monitoring capability. 

The concentrated brine from the continuous ion exchange unit, which is expected to average less 
than 2 percent of the total feed, will be pumped to a 0.45-acre solar evaporation pond for final 
concentration. The dry sludge from this pond will be removed as needed; it is estimated that one 
pond can hold all of the sludge generated during the lifetime of the remediation cycle if that is 
desired. 

The treated water from the continuous ion exchange system, expected to average 98 percent or 
more of the total feed, will be pumped to an FRP effluent tank having a capacity of 
approximately 100,000 gal. This will provide holding capacity of up to 16 hours so that the 
injection system can continue to operate during minor upsets in the distillation system. 

8.5.1.4 Proposed Injection System (Continuous Ion Exchange Only) 

Water from the ion exchange system effluent tank is pumped continuously to the injection 
system. This will consist of a total of 20 injection wells, varying in depth to a maximum of 
approximately 90 ft. The expected flow rate per well is 6 gpm, giving the injection system a peak 
capacity of 120 gpm once all wells are in service. The construction of the injection wells is 
similar to that of the extraction wells, except that no pump or discharge piping are used. 

8.5.2 Summary 

Both of the proposed systems meet or exceed the requirements of 40 CFR 192, and are protective 
of human health and the environment. The only product of the native plant farming system is the 
foliage from the atriplex plants, which will be used as livestock feed by local farmers. The 
products of the ion-exchange system are a high-quality treated water, constituting about 98 
percent of the mass of the water extracted from the alluvial aquifer, which will be injected into 
the alluvial aquifer; and a concentrated sludge, containing essentially all the dissolved and 
suspended solids present in the untreated ground water, which will be stored on-site on an 
interim basis and removed periodically for disposal at a remote location. 
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8.5.3 Limitations of Proposed Alternative t 

Although ground-water extraction and ex-situ treatment, also known as pump and treat, was 
found to be the best method to meet cleanup goals in the aquifer, the effectiveness of 
pump-and-treat systems has been limited. Few sites with contaminated ground water have ever 
been restored to drinking water standards (Travis 1990; EPA 1996); however, the vast majority 
of sites where pump and treat is now being used are dealing with sources composed of 
non-aqueous-phase liquids. Nevertheless, although the constituents at the Monument Valley site 
are dissolved and expected to behave conservatively, the cleanup standard for nitrate has been set 
at the drinking water standard. Consequently, the effectiveness of the ground-water extraction 
system is the primary factor that determines whether aquifer cleanup goals are met. 

Technical criteria will need to be established to evaluate the success of the remediation. These 
criteria will be developed in the GCAP after discussion with stakeholders. The GCAP will define 
the logic that will be used to evaluate the success or failure of the remedial action. It will also 
propose the steps that might be taken if the concentrations indicate significant "tailing," that is, 
an absence of continued improvement in the ground-water quality with time. 

The main factors that influence the effectiveness of ground-water extraction systems are 
hydraulic inefficiencies, heterogeneity of the aquifer, and sorption of contaminants to the aquifer 
material. Hydraulic inefficiencies account for the diffusion of contaminants into 
low-permeability sediments and hydrodynamic isolation (stagnation points) within a well field. 
Heterogeneities of the aquifer (e.g., changes in the hydraulic conductivity and effective porosity) 
will affect the ability to extract ground water from all areas of the aquifer. The sorption of 
contaminants to the aquifer material retards the movement of the contaminants in the ground 
water. The more a contaminant sorbs to the aquifer matrix the more ground water must be 
extracted to remove the contaminant. 1 

If active remediation cannot achieve the cleanup levels, other methods of protecting human 
health might be pursued. A provision in 40 CFR 192 allows the use of ACLs that would be set at - 
a higher concentration than ;he current cleanup goals but that would still be protective of human 
health. The use of ACLs may require that the area within the fence surrounding the formal site be 
extended to incorporate areas of the plume that could not be remediated to the cleanup levels. 
Use of ACLs and extending the fenced area would only be considered if active remediation could 
no longer effectively reduce contaminant levels in the aquifer. 
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Lithologic and Monitor Well Completion Logs 
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L;JCATION MAP: SITE ID: 0 LOCATION ID: 

I .  

QROUND ELEVATION (It. MSL): Y 
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I WELL COMPLETION RECORD I 
SITE ID: flMo' LOCATION ID: md-1 , DATE INSTALLED: /O -? Y - W  
APPROX. SITE COORDINATES:(FT.) N E 
OPEN AREA 9 E R  LINEAL FT. (IN~IFT.) 

I FORMATION OF COMPLETION: Yc-~LDW ~ & J D : ~ N E  / A U , U I / I V ~  CtDV'tV:: &odF 

FIELD REP.: SfLvP  DRILLER: SlA%rr-(KT 

I COMMENTS: I 
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Well Detail Report for: MONO1 0601 -~ 2/25/9 8 
i 

~ - 
I 

. ~ 

GENERAL INFORMATlON SCREENING INFORMATION 
I 

SITE: MONUMENT VALLEY (MONO?) Elev Depth I 

LOCATION CODE: 0601 TOP GRAVEL PACK: 4872.43 9.3 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4860.43 21.3 1 
I 

DAMAGED: No TOP OF SCREEN: 4872.43 9.3 

SURFACE ELEVATION: 4881.77 BOTTOM OF SCREEN: 4862.43 19.3 I 
BOTTOM ELEVATION: 4857.51 

GRAVEL PACK LENGTH: 12.0 
TOTAL DEPTH: 24.3 

I 

SCREEN LENGTH: 10.0 1 I 
ZONE OF COMPLETION: SHINARUMP 

MEMBER OF THE 
CASING LENGTH: 24.45 

CHINLE 
FORMATION and 
ALLUVIUM 

I 
1 

CASING-DIAMETER (in.): 2 
I 
I 

Lithology Details 1 

TOP BOTTOM uscs 
- 

Elev w - - Elev w DESCRIPTION LITHOLOGY DESCRIPTION 

4881.51 0.26 4875.11 6.66 POORLY SAND, fine, tr, silt, It. brown to reddish tan. 
GRADED SANDS 

4875.11 6.66 4869.51 12.26 POORLY ALLUVIUM: SAND, medium too fine, with fine 
GRADED SANDS gravel, dry, rounded.lt. brown.Note: Moist. Layer 

of reddish brown eolian sand at 8 ft.Note: Vety 
moist at 11 A. 

4869.51 12.26 4868.51 13.26 POORLY SAND, fine, with frag. sandstone. It, brown. 
GRADEDSANDS 

4868.51 13.26 4857.51 24.26 POORLY SHINARUMP MEM., CHINLE FM. 
GRADED SANDS SANDSTONE, yellowish brown to white.TD AT 24 I 

I 

FEET. 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 
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APPROX. SITE COORDINATES (11.1: 
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QROUND ELEVATION (it. MSL): 
DRILLING METHOD: 
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LOCATION DESCRIPTION DI*ELI &WE O F T U P C ~  11064~  4HD 

SITE CONDITION Jeq- m,u- & o t r u o r h & ~ ~ s r . ~  P r i C  ILOU!, LU ~vmn x, 6 r c  . /cr,2-5 
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I ~, WELL COMPLETION RECORD , 
(20 > 

SITE ID: f l d  ' LOCAT ION ID: f l d - l - 2  DATE INSTALLED: / 0 . 2 ~ / - & @  
APPROX. SITE COORDINATES:(FT.) N ~ ~ Q T S U / ;  VFY& 

OPEN AREA PER LINEAL FT. (IN~IFT.) 

I FORMAT ION OF COMPLETION: A L U V ~  UM &&flf J%&' 

FIELD REP.: s / ~ r / f i  DRILLER: ; f d A V  

COMMENTS: 
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Well Detail Report for: - MONO& 060%. -.I ~- . .. - 

2/25/98 
1. " " 5  .. , 

~ ~ 

- 1 
GENERAL INFORMATION SCREENING - INFORMATION 

SITE: MONUMENT VALLEY (MONOI) Elev Depth 1 - 
LOCATION CODE: 0603 TOP GRAVEL PACK: 4838.56 9.1 

DECOMMISSIONED: NO BOTTOM GRAVEL PACK: 4793.56 54.1 1 
DAMAGED: No TOP OF SCREEN: 4805.56 42.1 

SURFACE ELEVATION: 4847.64 BOTTOM OF SCREEN: 4795.56 52.1 

BOTTOM ELEVATION: 4791.64 GRAVEL PACK LENGTH: 45.0 
TOTAL DEPTH: 56.0 SCREEN LENGTH: 10.0 

I 
I 

ZONE OF COMPLETION: ALLUVIUM CASING LENGTH: 55.85 

CASING-DIAMETER (in.): 2 I 

Lithology Details 
I 

TOP BOTTOM 1 - - m @  - Elev DESCRlPT1ON LITHOLOGY DESCRIPTION 

4846.64 1.00 4844.64 3.00 SiLTY SANDS SILTY SAND, fine. It. reddish brown. I 
4844.64 3.00 4837.64 10.00 POORLY SAND, medium to fine it reddish brown. 

GRADED SANDS 

4837.64 10.00 4836.64 11.00 CLAYS ALLUVIUM: CLAY, high plasticity, stiff, brown. I 

4836.64 11.00 4791.64 56.00 POORLY EOLIAN: SAND. line.Note: Wet at 10.5 
GRADED SANDS feet.Note: Watertable at 11.5 feet.Note: trace of i 

fine gravel at 27 feet.TD AT 55 FEET. 
i 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 
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POREHOLE LOG (SOIL) 

GROUND ELEVATION ( 1  1. MSLI! -@' A/&v' 

DRILLING METHOD: 6'' ma 
7- 5rlR 

VISUAL CLASSIFICATION 
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1 WELL COMPLETION RECORD 
W 

SITE ID: f i o t / D /  LOCATION ID: DATE INSTALLED: /~-28.2 ' f  
APPROX. SITE COORDINATES:(FT.I N E 
OPEN AREA P E R  LINEAL FT. (IN~IFT.) 

I FORMATION OF COMPLETION: A L L V P ~ ~ -  
FIELD REP.: 5/ LVA DRILLER: S/* ' 7"L- 
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Well Detail Report for: MONO1 0604 2/25/98 I 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) w3tJ 
LOCATION CODE: 0604 TOP GRAVEL PACK: 4830.09 8.6 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: ' 4809.09 29.6 

DAMAGED: No TOP OF SCREEN: 4826.09 12.6 

SURFACE ELEVATION: 4838.69 BOTTOM OF SCREEN: 481 1.09 27.6 

BOTTOM ELEVATION: 4807.3 
GRAVEL PACK LENGTH: 21.0 

TOTAL DEPTH: 31.4 SCREEN LENGTH: 15.0 
ZONE OF COMPLETION: ALLUVIUM 

CASING LENGTH: 31.33 

CASING-DIAMETER (in.): 2 1 
I 

Lithology Details 

' BOTTOM uscs - I 
Elev & - Elev & DESCRIPTION LITHOLOGY DESCRIPTION - 

4837.3 1.39 4810.3 28.39 POORLY SAND, fine, little silt, It. dry, reddish brown.Note: 
GRADED SANDS water table encountered at 11.5 feet.Note: change 

to It, brown, no silt. 

4810.3 28.39 4807.3 31.39 POORLY ALLUVIUM: SANDY CLAY, medium plasticity. 
GRADED SANDS soft, wet, grey.TD AT 30 FEET. 1 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 
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I WELL COUPLET IOU RECORD 
,505 

SITE ID: dodo1 LOCATION ID: #u0/'r DATE BNSTALLED: /0-"-84 

APPROX. SITE COORDINATES:(FT.) N E 
OPEN AREA PER LINEAL FT. CIN~IFT.) 

FORMATION OF COMPLETION:' 

FIELD REP.: J/LJ/ .~  DRILLER: T & U ~ ~ - - S ~ L ?  



Well Detail Report for: MONOI 0605 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) Elev Depth 

LOCATION CODE: 0605 TOP GRAVEL PACK: 4827.96 4.6 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4801:96 30.6 

DAMAGED: No TOP OF SCREEN: 4819.96 12.6 

SURFACE ELEVATION: 4832.59 BOTTOM OF SCREEN: 4604.96 27.6 

BOTTOM ELEVATION: 4799.42 

TOTAL DEPTH: 33.2 
GRAVEL PACK LENGTH: 26.0 

SCREEN LENGTH: 15.0 
ZONE OF COMPLETION: ALLUVIUM 

CASING LENGTH: 32.11 

CASING-DIAMETER (in.): 2 

Lithology Details 

TOP - BOTTOM uscs - 
Elev - - Elev DESCRIPTION LITHOLOGY DESCRIPTION 

4831.42 1.17 4799.42 33.17 POORLY SAND, fine, dry, loose, non-plastic, It. reddish 
GRADED SANDS brown.Note: medium to fine grained from 3 

feet.Note: Water table encountered at 13 
feet.Note: Color change to grey, some clay at 31 
feet.TD AT 32 FEET. 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 
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I LOCATION DESCRIPTION 
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Well Detail Report for: MONO1 '0606 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) Elev Depth 

LOCATION CODE: 0606 TOP GRAVEL PACK: 4832.31 29.5 

DECOMMISSIONED: N o  BOTTOM GRAVEL PACK: 4816.31 45.5 

DAMAGED: N o  TOP OF SCREEN: 4831.31 30.5 

SURFACE ELEVATION: 4861.77 BOTTOM OF SCREEN: 4821.31 40.5 

BOTTOM ELEVATION: 4813.44 GRAVEL PACK LENGTH: 16.0 

TOTAL DEPTH: 48.3 SCREEN LENGTH: 10.0 
ZONE OF COMPLETION: ALLUVIUM CASING LENGTH: 48.420 

CASING-DIAMETER (in.): 2 

L i tho logy  Deta i ls  

TOq BOTTOM uscs - 
Elev DeJAJ - Elev DeJAJ DESCRIPTION LITHOLOGY DESCRIPTION - 

4860.44 1.33 4858.44 3.33 SILTY SANDS SILTY SAND, fine, slightly moist to dry. It. 
reddishbrown. 

4858.44 3.33 4840.44 21.33 POORLY SAND, fine, medium dense. It reddish brown. 
GRADED SANDS 

4840.44 21.33 4815.44 46.33 SILTY SANDS SILTY SAND, rned. dense, It. reddish brown.Note: 
Moist at 30 feet.Note: Water table encountered at 
36 feet. 

4815.44 46.33 4813.44 48.33 POORLY SHINARUMP MEM., CHINLE FM.: 
GRADED SANDS SANDSTONE, soft, weathered.TD AT47 FEET 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 
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LOCATION DESCRIPTION - 

SITE CONDITION I 



WELL COMPLETION RECORD 
- 

SITE ID: M O N O \  LOCATION ID: M N - 1 - 7  DATE I N S T A L L E D : ~ ~ - ~ ~ ~ Y  
APPROX. SITE COORDINATES:(FT.) N E 
OPEN AREA PER LINEAL FT. (IN~IFT.) 

I FORMATION OF COMPLETION: sAn/**lY& - ~ c t L o ~ ? P a c , J  

FIELD REP.: S I L J A  DRILLER: *- t- 
WELL CASING. 
DIAMLTER e n )  

HOLE DIAMETER (In) 

BACKFILL TYPE 

I COMMENTS: DRY I+O~~LE AT T I W E  M D P I L L ~ ~ J ~  I 





.. . . .. .~ 
. , 

.. . 

Well Detail Report for: MONO1 0607 ' 2/25/98 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) Elev Depth - 
LOCATION CODE: 0607 TOP GRAVEL PACK: 4860.26 7.7 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4841.26 26.7 

DAMAGED: No TOP OF SCREEN: 4858.76 9.2 

SURFACE ELEVATION: 4867.98 BOTTOM OF SCREEN: 4848.76 19.2 

BOTTOM ELEVATION: 4839.41 
GRAVEL PACK LENGTH: 19.0 

TOTAL DEPTH: 28.6 
SCREEN LENGTH: 10.0 

ZONE OF COMPLETION: SHINARUMP 
MEMBER OF THE CASING LENGTH: 27.630 

CHINLE 
FORMATION 

CASING-DIAMETER (in.): 2 
I 

Lithology Details 
1 

Top BOTTOM uscs 1 
Elev - - Elev DESCRIPTION LITHOLOGY DESCRIPTION 

4869 41 -1.43 4862.41 5.57 SILTY SANDS SILTY SAND, fine, moist, It. reddish brown. 

4862.41 5.57 4839.41 28.57 POORLY SHINARUMP MEM.. CHINLE FM.: 
GRADED SANDS SANDSTONE. It. brown to yellow.Note: Color 

change to It. yellow to grey.Note; Color change to 
yellow brown.TD AT 30 FEET. I 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 



BOREHOLE LOG (SOIL)j 

faiLs* FIELD REP.: 

GROUNDWATER LEVELS 
DATE I TIME I DEPTH (11 . )  

5bl9%Le Y &(I 7 / M E  O F  &5tc14 SJSMDJ' 
I I 

PER 8 

3 

BLOWS 
PER 8 In. 

w 
3 

= =  USC8 VISUAL CLASSIFICATION 
> NO s A W P ~ ~  

/Jlr P1.s 7 ~ ) , ~ , n / 6 ~  mAn,n/kL I 
Lo&% 7D ~/hlc &/Z',dCO 5s56RNCrLL7S.E 

*A@ X i  - 6 R W  5~ M # , S ~  L o o S E  

, MILL= M Leu$*+ Td I L I I J ~ S  I)1UT)C 



- 

WELL COMPLETION RECORD . . 1 

( COMMENTS: I 



BOREHOLE LOG (ROCK) 

LOCATION MAP: A Bi SITE ID:J@N-OI LOCATION ID: R 
APPROX. SITE COORDINATES (11.1: 
N E 
GROUND ELEVATION (ft. MSL): 
DRILLING METHOD: uG u-"e &'uE 
DRILLER: S&6 / C  fM%% * ?&&&A (c M E  
DATESTARTE~:  TOP%' 3/ I lblkc n 

GROUNDWATER LEVELS 
DATE I TIME I DEPTH (ft.) 

I 

-OCATION DESCRIPTION &nx. 2%' NE dor;!ind b lmtiofi 
SITE CONDITION 



I BOREHOLE LOG (ROCK) 
~ ~ ~ a g e 2 o f L '  1 

I LOCATION DESCRIPTION 
SlTE CONDITION 

LOCATION MAP: 
fi 

ROCK TYPE 
6 REMARKS 

JEG-AL-ENG-2A (3184) 

SITE ID: M 0 )\J 0 1 LOCATION ID: &!@-- 
APPROX. SlTE COORDINATES (ft.1: 
N - 

>. E 



LOCATION MAP: A I SITE ID: A&Ku- LOCATION ID: % 3 APPROX. SITE COORDINATES (ft.1: I 
N E 
GROUND ELEVATION (ft. MSL)' 
DRILLING METHOD: 

I LOCATION DESCRIPTION 
SITE CONDITION I 

ROCK TYPE 
6 REMARKS 

JEG-AL-ENG-2A (3184) 



BOREHOLE LOG (ROCK) 

LOCATION MAP: SITE ID:- LOCATION ID: 609 B 
APPROX. SlTE COORDINATES (11.): 

SlTE CONDITION 

&'REMARKS 



u WW~KIW b w u r  INL. 
A D V A W I O S V t l i Y S  OMSIOW,  ALtUQUICPUI OIIPAllOWC - -  - 

eoREHoLE LOG (ROCK) p a w s  of 2 I 
LOCATION MAP: SITE ID: I LOCATION ID: I 

N E 
QROUND ELEVATION (11. MSL): 

I LOCATION DESCRIPTION 
SITE CONDITION I 



I BOREHOLE LOG (ROCK) Page - of, 

LOCATION MAP: SITE ID: 0 1 LOCATION ID: 6086 
APPROX. SITE COORDINATES (11.): 
N E 

LOCATION DESCRIPTION , 

SITE CONDITION 

ROCK TYPE 
L REMARKS 

n* - 0c.n ,,, 

JEG-AL-ENG-2A (3184) I 



I BOREHOLE LOG (ROCK) -- 

LOCATION MAP: A SITE ID: O N ~ /  LOCATION ID: ( %  B I 
N 
GROUND ELEVATION 
DRILLING METHOD: 
DRILLER: <++B *&&A t P-e/uvv 
DATE STARTED: 3 / 1 ~ / 8 5  TODAY d~r/n- 
DATE COMPLETED ' '  ' 

LOCATION DESCRIPTION 
SlTE CONDITION 



I COMMENTS: I 



HOLE/WELL CONSTRUCTION LOG 

LOCATION ID: 

APPROX. SITE COORDINATES (FT.): N 

0 

... 1 

DEVELOPMENT 



Well Detail Report for: MONO1 0608 2/25/98 

GENERAL INFORMATION SCREENING INFORMATION 
SITE: MONUMENT VALLEY (MONOI) Elev Depth 

LOCATION CODE: 0608 TOP GRAVEL PACK: 4815.1 1 86.0 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4783.1 1 118.0 

DAMAGED: No TOP OF SCREEN: 4805.11 96.0 

SURFACE ELEVATION: 4901.08 BOTTOM OF SCREEN: 4785.11 116.0 

BOTTOM ELEVATION: 4781.08 GRAVEL PACK LENGTH: 32.0 
TOTAL DEPTH: 120.0 SCREEN LENGTH: 20.0 

ZONE OF COMPLETION: DECHELLEY 
MEMBER OPTHE 

CASING LENGTH: 120 

CUTLER 
FORMATION 

CASING-DIAMETER (in.): 2 

Lithology Details 

TOP - BOTTOM uscs 
- 

Elev Elev DESCRIPTION LITHOLOGY DESCRIPTION - - 
4901.08 0.00 4891.68 9.40 POORLY SANDSTONE, med. to coarse, yellowish grey. 

GRADED SANDS 

4891.68 9.40 4890.68 10.40 CLAYS SHALE, with fine sand, thnly laminated 

4890.68 10.40 4874.68 26.40 POORLY SANDSTONE, medium to coarse, mod. 
GRADED SANDS wellcemented,noncalcareous, occasional clayey 

matrix, mostlycross bedded, yellowish grey 
(5YR,5/4). 

CONGLOMERATE, coarse sand to med. gravel. 
subrrounded,some clay matrix, sufficient porosity 
to lose circulation,mediurn yellowish brown 
(10YR,5/4). 

4869.68 31.40 4868.68 32.40 CLAYS MOENKOPI FORMATION: SHALE, with coarse 
sand, to silty, poorly indurated,very thinnly 
laminated, greyish orange (10YR.714). 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 



Well Detail Report for: .. . MONO1 . -0608 ' , . -  2/25/98 

sop =oTTOM 9 
Elev - - Elev @ DESCRIPTION LITHOLOGY DESCRIPTION 

4868.68 32.40 4857.68 43.40 SILTS & FINE SILTSTONE, with very fine sand, occasional 
SANDS thincalcite stringers as fracture fillings, 

noncalcareous,thinly laminated, very hard, 
yellowish grey (5Y,7/2).Note: with inter bedded 
greyish orange from 34 feet. Somepyrite in the 
matrix.Note: co 

4857.68 43.40 4846.08 55.00 SILTS & FINE. 
SANDS 

4846.08 55.00 4826.68 74.40 SILTS & FINE 
SANDS 

4826.68 74.40 4810.08 91.00 WELL GRADED 
SANDS 

4810.08 91.00 4781.08 120.00 POORLY 
GRADED SANDS 

SILTSTONE, dark reddish brown.MOENKOPI 
FM., Continued.Note: Becomes so% more moist, 
from 54 feet. 

SILTSTONE AND SANDSTONE, interbedded, 
yellowish grey.Note: Increase in sand, sandstone 
is it. grey.Note: less siltstone interbeds from 72 ft. 

SANDSTONE, coarse to fine, dark reddish 
brown.Note: Color change to very It. grey, 
massive, from 78 R.Note: Alternating color bands 
from very It. grey to palered from 80 ft. 

DeCHELLY SANDSTONE MEM., CUTLER 
FORMATION: SANDSTONE, coarse to med., 
dune deposit, cross bedded,lt. brown to med. 
reddish brown (10R,4/6).Note: Lost circulation at 
91 R. due to porosity of thisformation.Note: color 
change to variable 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 
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I r BOREHOLE LOG (SOIL)) I n page - of I 
.I I 

GROUNDWATER LEVELS 
DATE I TIME I DEPTH (11 . )  

. . \-%-as 1 O F  DRILL I oh+' I 

\ 4 
/ 

LOCATION MAP: @ /+d' A 
fi 

, I  

no,'. 
I .  bM 

# u ,;,:-: = = = 2 : = 

VISUAL CLASSIFICATION 

c 

I I 

SITE ID: NONor LOCATION ID: 609-  
A P P B X .  SITE 
N 
GROUND 
DRILLING METHOD: 6".Y54 
DRILLER: S*R GEAfL M D b t ~ c  &-so 
DATE STARTED: \ - 3 - 8 5  
DATE COMPLETED : I @ 

COMMENTS: ~ V E D  ~7 /4' -U/EY / N ~ C *  b 
A - A Y Q ~ ~  SAMPLE cu~tnnps TYPE 

M D # / ~ D E  k d L / u / ~ c * (  / B C ? U C  6 - 2' 0.0. 1.31)' I.D. dtive samDle 

I 

JEG-AL-ENG-2S (3184) 

u+ :if* 
-7"' " 

- I ,  
FIELD REP.: ' ILv4 



. " 

WELL COMPLETION RECORD 

Mpdo/ LOCATION ID: 609 DATE INSTALLED: ' - 3 * 5  

APPROX. SITE COORDINATES:(FT.) N 9 0 5 2 8  /3L E @76qz1 91.5 
OPEN AREA P E R  LINEAL FT. (IN*/FT.) 

FORMATION OF COMPLETION: ~ # / ~ k Q ~ / l / & u u ~ u ~  PLY m y 8  
FIELD REP.: S ~ L U ~  DRILLER: OkM 5wB 

COMMENTS: 1 

I JEQ-AL-ENQ-3 (0134)  



FILTER PACK 



Well Detail Report for: MONO1 0609 . ~ . . 2/25/98 I 
! 

. .  . . . 

GENERAL INFORMATION SCREENING INFORMA TION 

SITE: MONUMENT VALLEY (MONOI) Elev Depth - 
LOCATION CODE: 0609 TOP GRAVEL PACK: 4874.17 2.8 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4866.17 10.8 4 

DAMAGED: No TOP OF SCREEN: 4873.17 3.8 

SURFACE ELEVATION: 4876.95 BOTTOM OF SCREEN: 4868.17 8.8 
I 

BOTTOM ELEVATION: 4863.3 GRAVEL PACK LENGTH: 8.0 
TOTAL DEPTH: 13.6 SCREEN LENGTH: 5.0 

ZONE OF COMPLETION: SHINARUMP 
MEMBER OF THE 

CASING LENGTH: 13.82 

CHINLE 
FORMATION and 
ALLUVIUM 

CASING-DIAMETER (in.): 2 

Lithology Details 

TOP BOTTOM uscs - - 
Elev w Elev w DESCRIPTION LITHOLOGY DESCRIPTION - 

4878.3 -1.35 4867.3 9.65 POORLY SAND, fine, slightly moist, med. dense, It. 
GRADED SANDS reddishbrown. 

4867.3 9.65 4863.3 13.65 WELL GRADED SHINARUMP MEM. CHINLE FM.: 
SANDS SANDSTONE, coarse to fine, dry, yellowish olive 

green.TD AT 15 FEET. 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 
i 



JACOBS ENGINEERWG GROUP INC. ' 
ADVANCED rvrn~s DIVISIO~, ~uueutmut OP~RATIONS P 

BOREHOLE LOG (SOIL)) page L of 2% 
LOCATION MAP: A 

~ r n u d ~  J N 
W 

0 
- - 2 

SITE ID: H@do/ LOCATION ID: 6/0 - 
APPROX. SlTE COORDINATES ( f t .  : 
N 563&, 7 6 s  E 6~6$4.=6 
GROUND ELEVATION (11. MSL): qB6l.  6 S  
DRILLING METHOD: 6"#5A - W w ~ n c L . ~ *  
 DRILLER:^^^ ~~" 
DATE STARTED: / 7. .34r 
DATE COMPLETED : l z * Y  
FIELD REP.: 3 L v 4  

GROUNDWATER LEVELS 
DATE I TIME I DEPTH (11.) 
lZ->-&/ / / : D o h  I 8' 

I LOCATION DESCRIPTION 25'  S o w  & "60f SOYW OF TA/L INLS P/LC 
SITE CONDITION Y P 6 Q U ~ ; c - r r y  p / b ~ w 6 u  OF /=LOU W H I ~ W  DLA,AIJ Y I ~ Y  /A' 

VISUAL CLASSIFICATION 

645 Sdub g d r  P . ~ Y  R C ~ B R O ~ ~  

) I ~ . ~ * L , , , J W P . .  '13 5/4 n u m &  

OPCNC~ cou 29' 

70 SWRr co81t~b 

f i ~ r  RON &.S-3°.r 

U - 3' 0.0. 2.42' I.D. IuDe ramp* 

J E G - A L - E N G - 2 S  (3184) 



BOREHOLE LOG (SOIL)( 

SITE ID: "@&" LOCATION ID: $10 - 

DRILLER: S 1 f ~ - ~ ~  

DATE STARTED: / ;  ,r.lv 
DATE CDMPLETED : 

@bra FIELD REP.: 

GROUNDWATER LEVELS 
DATE I TIME I DEPTH (ft . )  

I 

I LOCATION DESCRIPTION Oc 

SlTE CONDITION 
I 

VISUAL CLA(I(IIF1CATION 1 
! 

1 
D ~ S S  DI;LLIN L a u .s  ;.I ~ ~ ' " * " * - ' ~ ~ d -  

J w  m R*r: Letno Lmc, 6 3 ~ 3 ~ '  
i 

i 
! 

I 

I 
I 

I 
I 
I 

I 

I ~ 

I 

JEG-AL-ENG-2S (3184) 
I 



LOCATION DESCRIPTION 

ROCK TYPE 
k REMARK8 



BOREHOLE LOG (ROCK1 

I LOCATION MAP: A 

I 
A 

SITE ID: MdN LOCATION ID: 6/0 
APPROX. SlTE 
N ~ 3 & 7 1 ~  
GROUND ELEVATION (11. MSL): Mbr. &c 
DRILLING METHOD: 
DRILLER: ds& 
DATE STARTED: a z - t t q r  
DATE COMPLETED : 
FIELD REP.: 

GROUNDWATER LEVELS 
DATE I TIME I DEPTH (ft.)  

I 

I LOCATION DESCRIPTION M N - / - Z  
SlTE CONDITION I - 1 - > k DISCONTINUITIES t i 0 

* * 5g 0: - 5  0 :< 5 W =  au,+-fs <- > SPACING a o  
r E z  o* o<o u u ORIENTATION w _I 

ROCK TYPE 

: a z', A W  Y Y  vs sou ~a x +  ;YIDE- Y CLOSE H0RIZ.- 
h REMARKS 

:% r u  u 0-- a, $ 5 .  i 
0 =2 ,: L 

so 2 1 2 3 4 6 H  

PLUW.GO OFF *T ?s-FUWD 
i r u m  &HILL 

an - ~ C A I  .IT 

"I - W X  ROCK COAINO 

JEG-AL-ENG-2A ( 3 1 8 4 )  



- 
BOREHOLE LOG' (ROCK) Page-of 

- 

s I? 
LOCATION MAP: SITE ID: M O ~ O '  LOCATION ID: 6Io 

& APPROX SlTE COORDINATES (11 1: 
kcP7 3 N sb360.76~- E 8?3&*.- 

GROUND ELEVATION (ft. MSL): Wff. 6 c  
DRILLING METHOD: 
DRILLER: O&lr -5U6 
DATE STARTED: I Z - / I . # V  
DATE COMPLETED : 
FIELD REP.: 

GROUNDWATER LEVELS 
DATE I TIME I DEPTH ( f t . )  

I 

I LOCATION DESCRIPTION NCXr m f i d - / - Z  
SITE CONDITION I 

ROCK T Y P E  
6 R E M A R K S  

JEG-AL-ENG-2A (3184) 



VANCED SYSTEMS MVl8 

I' ' 
LOCATION MAP: 

DATE STARTED: 



ROCK T Y P E  
6 REMARKS 

- 



WELL COMPLETION RECORD 

ID: ~ o d - 6 1  ' LOCATION ID:-. DATE INSTALLED: 

WELL CASING WELL CASlN 

HOLE DIAMETER (In) 

BACKFILL TYPE 





, "..- - - -  . 

WELL COMPLETION RECORD 

SITE ID: f l p f l o  LOCATION ID: 6'(O DATE INSTALLED: I/',/Q~ 

APPROX. SITE COORDINATES:(FT.) N %*.76? E B86W. 
OPEN AREA P E R  LINEAL FT. (IN~IFT.) 01 * 
FORMATION OF COMPLETION: , b u l r G  WTT-S 1- '74-132' 
FIELD REP.: DRILLER: I~FM-S* 



. :- . -- -- - - .  :i-.---.. i A . ., ,, _ i_ ~ - - ,  . ~. ~~ - .- 
~ ~ 

- - -,.--, e.,. ..-'.. :-- - . .'.ir.'..lr- pri- - . .- ~ 

'.. ~. . ~~ . ,,: . .~ 
- .  

DESCRIPT ION 

W , L L F ~  7'2J /3010d )-r'c ~ 

~ / ~ ~ R A K O W C P  m Rvd 0 0 ~ 7 ~  NIF 
4 W . R  6LO;/ i?d~,  7DP bFf; ' 

FQM S ( * J Q ~ ~ . J E I  # ,vafllous AdvtFCR 

F~?oM 7.Y-/301 

.- .- .. 



- 

Well Detail Report for: MONO1 061 0 2/25/98 I 

GENERAL INFORMATION SCREENING INFORMATION I 
I 

SITE: MONUMENT VALLEY (MONO?) Elev Depth I 

LOCATION CODE: 0610 TOP GRAVEL PACK: 4798.81 63.4 
I 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4774.81 87.4 

DAMAGED: No TOP OF SCREEN: 4798.81 63.4 

SURFACE ELEVATION: 4862.2 BOTTOM OF SCREEN: 4778.81 83.4 

BOTTOM ELEVATION: 4730.33 
GRAVEL PACK LENGTH: 24.0 

TOTAL DEPTH: 131.9 
SCREEN LENGTH: 20.0 1 

ZONE OF COMPLETION: SHINARUMP 
MEMBER OF THE CASING LENGTH: 86.4 

CHINLE 1 
FORMATION 

CASING-DIAMETER (in.): 2 1 
Lithology Details 

I 
TOP I - BOTTOM uscs I - 

Elev - - Elev DESCRIPTION LITHOLOGY DESCRIPTION 

4850.83 1.37 4828.83 33.37 POORLY SAND, Rne, dry, med. dense, it. reddish I i 
GRADED SANDS brown(5YR,5/3,5/4).Note: Very Moist at 6 i 

feet.Note: Water table encoountered at 8 feet. 

4828.83 33.37 4788.83 73.37 POORLY SHINARUMP MEM., CHINLE FM.: I 

GRADED SANDS SANDSTONE, rned. grain. mod. hard, mod. 
! 
I 

weathereddhick bedding, brownish red.Note: 
Med, grey lens at 39 .5 to 40 feet.Note: Color 
change to dk. brown (lOYR,8/4).SHINARUMP I 
MEM., Continued.Note:'Occasional clas I 

4788.83 73.37 4787.43 74.77 CLAYS SHALE, yellowish brown to grey. 
I 

4787.43 74.77 4783.43 78.77 POORLY SANDSTONE, very fine grained, grey; With 1 
GRADED SANDS thininterbedded lenses of grey shale. 

4783.43 78.77 4774.43 87.77 POORLY SANDSTONE, very fine, greyish white. 
GRADEDSANDS 

1 
I 

,4774.43 87.77 4773.83 88.37 WELL GRADED CONGLOMERATE, with fine to coarse gravel, I 
SANDS wellcemented. I 

I 
4773.83 88.37 4770.43 91.77 CLAYS SHALE. It. grey. 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. I 



Well Detail Report for: MONO1 061 0 2/25/98 

TOP ~CrI-TOM 9 
Elev Depth - Elev & DESCRIPT"34 LITHOLOGY DESCRIPTION - 

4770.43 91.77 4746.83 115.37 CLAYS MOENKOPI FORMATION: SHALE, reddish 
brown. 

4746.83 115.37 4730.43 131.77 POORLY SANDSTONE, very fine, well cemented, reddish 
GRADED SANDS brown.Note: Becomes moderately cemented at 

120.5 feet.Note: thin shale bed, reddish brown at 
122 feet.TDAT 130.5 FEET. 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 
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BOREHOLE LOG (ROCK) 

LOCATION MAP: A 
\ - _ -  - - - - -  __ -  - - - _  

\ - - - - - - - -  - - - - -  
; , ' : \ ' ~ , , ! , i l )  . - $3. 

9. ' - 5: I 1  : 1fliq.y~ C --. - 21 I \ 5 Taal*nq5 - Z: - -. - " . pile - -. 
\' 

- - 
\ " t ' \ \ \ \  \ \  -. - \' 0 
\'. 

s -  611 , 
i - ,L 

( . I .  

LOCATION. 1D:'l / 'A// - SlTE ID: Afid fi 1 - 
APPROX. SlTE COORDINATES (11.): 
N E 
GROUND ELEVATION (11. MSL): 
DRILLlNCi METHOD: w, 
DRILLER: 5 H 4 A  /J.  Car '+~v - ) 
DATE STARTED: ?/ . r /A-5  

- 
DATE COMPLETED : 
FIELD REP.: 

I - 
LOCATION DESCR~PTION nc .h~a.ar- / m / / / # a s  P ~ I C  n~fy ,  , 
SITE CONDITION zG;rnAu i l s ,+n  ,,# o),nn , LHI I 



BOREHOLE LOG (ROCK1 

LOCATION MAP: A 

3 
SITE 1~:A~d.d- LOCATION ID: 6 l j -  
APPROX. SITE COORDINATES (ft.): ~ ~ 

N E 
OROUND ELEVATION (11. MSL): 
DRILLING METHOD: 
DRILLER: 
DATE STARTED: 211: / R A  

/ 

DATE COMPLETED : 
FIELD REP.: l?. do//fi ad 

I LOCATION DESCRIPTION 
SITE CONDITION 

ROCK T Y P E  
6 REMARKS 

! 
JEG-AL-ENG-PA (3184) I 



-. . ~ .. ~.~~ -. . ~ . ~ ~ ~ -  .. - ~. 

UQURIOUR DltP4TIONC 

BOREHOLE LOG (ROCKL 
I 

LOCATION MAP: A 

S 
SITE ID: '0 1 LOCATION ID: a 
APPROX. SITE COORDINATES (11.1: 
N E 
GROUND ELEVATION (f t. MSL): 
DRILLING METHOD: 
DRILLER: 
DATE STARTED: 
DATE COMPLETED : 
FIELD REP,: MA /Id ~ -J 

SlTE CONDITION 

ROCK T Y P E  
6 REMARKS 

JEG-AL-ENG-2A ( 3 1 8 4 )  



BOREHOLE LOG (ROCK1 

LOCATION MAP: LOCATION ID: h * I 
N E 
QROUND ELEVATION (ft. MSL): 
DRILLING MET HOD: 
DRILLER: 
DATE STARTED : 
DATE COMPLETED : 
FIELD REP.: Ha //b n A 

QROUNDWATER LEVELS 
DEPTH (it.) 

LOCATION DESCRIPTION 
SITE CONDlTlON I 

Om - O f * "  ,IT 

*. - *. ROC" C O I I " 0  

UQ - "0 WSRLLI 

JEQ-AL-ENQ-PA (3184) 



BOREHOLE LOG (ROCK1 

LOCATION MAP: A 

3 
SITE ID: -01 LOCATION ID: 6 11 - 
APPROX. SITE COORDINATES (11.1: 

QROUND ELEVATION (ft. MSL): 
DRILLING METHOD: 
DRILLER: 
DATE STARTED: 
DATE COMPLETED : 
FIELD REP.: -2 



I BOREHOLE LOG (ROCKL P ~ D C L O ~ B  I 
LOCATION MAP: SITE ID: MoA-h l  LOCATION ID: ~s. 

APPROX. SITE COORDINATES (tt.): I 
N E 
GROUND ELEVATION (ft. MSL): 
DRILLING METHOD: 
DRILLER: I 
DATE STARTED: 
DATE COMPLETED : 
FIELD REP.: ~~~~~d 

I GROUNDWATER LEVELS 
DATE 1 TIME I DEPTH (ft.) 

I LOCATION DESCRIPTION 
SITE CONDITION I 

* - . 0 2  "0LLC.I  LILY .*or" 
5 - 4 1 I I  CONIIhYOUI  rL40N1 L M O I R  

0. - CLA" .,r 



BOREHOLE LOG (ROCK) 

LOCATION MAP: A 

X 
- 

- 0  1 LOCATION ID: (n 11 - SITE I D : & ~ J  
APPROX. SlTE COORDINATES (ft.): 
N E 
GROUND ELEVATION (11. MSLI: 
DRlLLlNQ METHOD: 
DRILLER: 
DATESTARTED: 
DATE COMPLETED : 
FIELD REP.: /do /a n d  

I LOCATION DESCRIPTION 
SITE CONDITION I 

ROCK TYPE 
L. REMARKS 



BOREHOLE LOG (ROCK1 

LOCATION ID: -~ (1 1 1 -  LOCATION MAP: SITE ID: fdfifd -0 I 
APPROX. SITE COORDINATES (tt.): I 
N E 
GROUND ELEVATION (ft. MSL): 
DRILLING METHOD: 
DRILLER: 
DATESTARTED: 
DATE COMPLETED : 
FIELD REP.: R ,  Hallfind. 

GROUNDWATER LEVELS 
DATE 1 TIME I DEPTH (11. )  , 

I 

I LOCATION DESCRIPTION 
SITE CONDITION I 



JACOBS ENGINEERING m-.  - - 

DATE SLWECT SHEET NO. 
. . 

CHKD. . . 
..~ ., 

BY JOB NO. _ . . . .  ......... . --__ - _  _ _ - . . . . . . . . . . .  - . . ~-. . . . . . . . . . . . .  . ~ 

.. . - - - 

$7LzT G i ,  rJo / & 



Well Detail Report for: MONO1 061 1 2/25/98 I 

GENERAL INFORMATION SCREENING INFORMATION I 
I 

SITE: MONUMENT VALLEY (MONOI) Elev Depth I - 
LOCATION CODE: 061 1 TOP GRAVEL PACK: 0 4848.2 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 0 4846.2 

DAMAGED: No TOP OF SCREEN: 4665.35 162.8 I 
SURFACE ELEVATION: 4846.17 BOTTOM OF SCREEN: 4665.35 182.8 

BOTTOM ELEVATION: 4661.35 

TOTAL DEPTH: 186.8 
GRAVEL PACK LENGTH: 0.0 

SCREEN LENGTH: 20.0 
ZONE OF COMPLETION: DECHELLEY 

MEMBER OF THE CASING LENGTH: 185.96 

CUTLER 
FORMATION 

CASING-DIAMETER (in.): 2 I 
I 
I 

Lithology Details 

TOP - BOTTOM uscs - 
Elev Depth - - Elev DESCRIPTION LITHOLOGY DESCRIPTION 

4846.35 1.82 4783.35 64.82 POORLY 
GRADED SANDS 

4783.35 64.82 4744.35 103.82 POORLY SHINARUMP MEM., CHINLE FM. 
GRADED SANDS SANDSTONE, fine to med, with conglomeritic 

layers.soft, with hematite and limonite stain. It. 
grey to yellowto orange.Note: Less altered in 
fractures, less weathered, becomesmod. 
soft.Note: uniformgrain,sire 

4744.35 103.82 4743.35 104.82 POORLY SANDSTONE, coarse to fine, with pyrite, some 
GRADED SANDS coal.soft, greenish grey. 

4743.35 104.82 4741.35 106.82 CLAYEY SANDS SANDSTONE, shaley (indicated by geophy. 
log). Note: core not recovered from this zone. 

4741~35 106.82 4736.95 11 1.22 POORLY SANDSTONE, with conglomeritic zones, pyrite 
GRADED SANDS common,slightly calcareous, It. green to 

grey.Note: Basal portion of Shinarump Member at 
108 ft. asevidenced by pebbly chert 
conglomerate, rounded. 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 



Well Detail Report for: MONO1 0611 

TOP 
Elev D~JI& 

4736.95 111.22 

K f r r O M  
Elev DESCRIPTION 

4731.35 116.82 SILTS &FINE 
SANDS 

4717.95 130.22 SILTS & FlNE 
SANDS 

4715.35 132.82 POORLY 
GRADEDSANDS 

4711.35 136:82 SILTS & FlNE 
SANDS 

4690.35 157.82 POORLY 
GRADED SANDS 

4661.35 186.82 POORLY 
GRADED SANDS 

LITHOLOGY DESCRIPTION 

MOENKOPI FM.: SILTSTONE, greenish grey, 
very clayey, slightlycalcareous, soft, greenish grey 
to 112, variable-yellowgrey to dark reddish brown. 

CLAYSTONE, silty, with interbeds of siltstone, 
crosslaminated, calcareous, mod. soft to mod. 
hard, dark reddishbrown.Note: artesian flow 
encountered as claystone aquitardpenetrated. 

SILTSTONE, clayey, with minor nonclayey 
lenses,reddish brown. 

SANDSTONE, very fine, it. grey, with interbeds 
ofreddish brown claystone; calcareous, mod. soft 
to mod hard. 

SILTSTONE, clayey, hard, mottled red-brown to It. 
grey. 

SANDSTONE, fine to med. clayey, calcareous, 
pinkishbrown to greenish grey. Occasional 
variable seams ofreddish brown to bleached.Note: 
Mottled at 143, hard.Note: Becoming coarser from 
145 R., calcareous. - 

DeCHELLY MEM.,CUTLER FM: SANDSTONE, 
fine, cross bedded, mod. soft, reddishbrown.TD 
AT 185 FEET. 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 
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SITE ID: MttJ-P\ LOCATION ID: 2 D ~ T E  - INSTALLED:% 
APPROX. SITE COORDINATES:(FT.I N € 

OPEN AREA PER LINEAL FT. (IN~IFT.) 

FORMATION OF COMPLETION: ~ t ~ h c t l ~  
FIELD REP.: &*Mt'l/& DRILLER: 6, W ; l l i ~  my 

COMMENTS: 1 



Well Detail Report for: MONO1 061 2 2/25/98 1 

GENERAL INFORMA TION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONO1) Elev Depth - 
LOCATION CODE: 0612 TOP GRAVEL PACK: 4958.44 47.8 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4786.74 219.5 

DAMAGED: No TOP OF SCREEN: 4826.74 179.5 

SURFACE ELEVATION: 5006.22 BOTTOM OF SCREEN: 4806.74 199.5 

BOTTOM ELEVATION: 4785.09 
GRAVEL PACK LENGTH: 171.7 

TOTAL DEPTH: 221.1 
SCREEN LENGTH: 20.0 

ZONE OF COMPLETION: DECHELLEY 
MEMBER OF THE CASING LENGTH: 221.08 

CUTLER 
FORMATION 

CASING-DIAMETER (in.): 2 I 

I 
Lithology Details 

TOP BOTTOM uscs - 
Elev & - Elev DESCRIPTION - 

5000.09 6.13 4984.69 21.53 POORLY 
GRADED SANDS 

4980.09 26.13 4973.89 32.33 POORLY 
GRADED SANDS 

4973.89 32.33 4963.69 42.53 SILTS & FINE 
SANDS 

LITHOLOGY DESCRIPTION 

SANDSTONE, little clay fraction, medium to 
coarse,friable, thinnly bedded, mod. spaced 
fractures. It.yellowish brown, to yellowish 
grey(l0YR-6/2:5Y-7R).Note: Occasional lenses to 
5-in. of dk. grey shale.Note: pinkish, with limonite 
stains 

CONGLOMERATE: coarse sand to I-in, pebbles. 
subangularto subrounded, cemented, slightly 
calcareous, massivebedded, light grey (N7).Note: 
Possible faulVshear plane at 16.5 fl. 

SANDSTONE, very fine, very well cemented. 
slightlycalcareous. 2-6-in, beds. ripple 
laminations, alternatinglayers of yellowish grey to 
It. grey. 

MOENKOPI FORMATION: SANDY 
SILTSTONE, with thin clayey lenses, clay 
binder,bioturbated layers, pale red to greyish red 
(10R-612;lOR-412). 

1 
Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 



- Well Detail Report for: MONO1 0612 2/25/98 
I [ r c  1 . . 

TOP - B ~ l - K J M  USCS 
Elev Depth - Elev DESCRIPTION LITHOLOGY DESCRIPTION - 

4963.69 42.53 4961.69 44.53 POORLY SANDSTONE, very fine, well cemented, very 
GRADED SANDS calcareous,thin stratum cross bedded, slump 

structures, light grey(N7). 

4961.69 44.53 4957.09 49.13 SILTS 8 FlNE SANDY SILTSTONE, little clay, cross bedded, 
SANDS thincontoiied bedding, bioturbation, pale red to 

greyish red.Note: Medium to fine grained, limonite 
stained, from 41 ft. 

4957.09 49.13 4951.09 55.13 SILTS & FINE SILTSTONE TO SILTY SANDSTONE, laminated 
SANDS to very thinlaminated, rippled and cross bedded, 

bioturbation, minorsandstone lenses, greyish red. 

4951.09 55.13 4946.69 59.53 SILTS & FINE SANDY SILTSTONE, 50 % silt, 50% sand, cross 
SANDS bedded,very fine to fine sand, calcareous, greyish 

red. 

4946.69 59.53 4945.89 60.33 SILTS 8 FlNE SILTSTONE, greyish red. 
SANDS 

4945.89 60.33 4931.69 74.53 SILTY SANDS SILTY SANDSTONE, mediumto fine, abundant 
blackmineral grains, very limonite stained, well 
~emented~calcareous, intensly cross bedded, with 
clay clasts,greyish red.Note: becomes massive 
bedded at 63 ft. with bleached spots. 

4931.69 74.53 4921.29 84.93 WELL GRADED SANDSTONE, fine to coarse, arkosic with 50 % 
SANDS feidspar,very well cemented, very calcareous to 

noncalcareous,mostly massive with ripple and 
cross bedding, greyishorange-pink (5YR,7/2). 

4921.29 84.93 4785.09 221.13 POORLY DeCHELLY SANDSTONE MEM.;CUTLER 
GRADED SANDS FORMATION: SANDSTONE,medium to fine, 

well cemented, slightly calcareous andferric 
cement, cross bedded, isotropic porosity, pale 
red(lOR,6/2).DeCHELLY SANDSTONE 
MEM.;CUTLER FM., Continued.DeCHELLY 
SANDSTO 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 
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BOREHOLE LOG (ROCK) 

LOCATION MAP: A 

/ /  ' ,,= b\\ 
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SITE ID: &fin - 01  LOCATION ID: d / 3  - 
APPROX. SITE COORDINATES (tt.): 
N E 
GROUND ELEVATION (ft. MSL): 
DRILLING METHOD: $b 77- 7 ' f&n fm-f 

DRILLER: <u/ B ( . I .  f a v + ~ ~ )  
DATESTARTED: I ? / ? / H . ? r  
DATE COMPLETED : k r  4 3 / 5 1  95' 
FIELD REP.: P , V  A'A//anA 

I GROUNDWATER LEVELS 
DATE I TIME I DEPTH (ft.)  

ROCK T Y P E  
6 REMARKS 

JEO-AL-ENG-2A ( 3 1 8 4 )  



BOREHOLE LOG (ROCK1 
.. 

LOCATION MAP: SlTE ID: fMd@ - 6 1 LOCATION ID: 13 - 
APPROX. SlTE COORDINATES (ft.): 
N E 
GROUND ELEVATION (11. MSLI: 
DRILLING METHOD: 
DRILLER: 
DATE STARTED: 
DATE COMPLETED : 
FIELD REP.: R.  H ~ / / D  n d .  

I LOCATION DESCRIPTION 
SITE CONDITION I 

ROCK TYPE 
6 REMARKS 

* - * ,,2 "OLLDW S l t "  .*CC" 
C - 4 I,, SO*1I*YOY. ,,10*1 L * O t "  



11011, ALIuauEmufi OPERATIONS 

LOCATION ID: b /  3 - 

LOCATION DESCRIPTION 

ROCK TYPE 
6 REMARKS 

/4qv4y 6 S . , 6 4  ;5 



BOREHOLE LOG (ROCK1 ~ a ~ e A o f  f 

LOCATION MAP: LOCATION ID: 613 - 
N E 
GROUND ELEVATION (11. MSLI: 
DRILLING METHOD: 
DRILLER: 
DATE STARTED: 
DATE COMPLETED : 
FIELD REP.: : / / d m  d 

GROUNDWATER LEVELS I I DATE I TIME I I DEPTH (11.1 

I LOCATION DESCRIPTION 
SITE CONDITION , I ' 

ROCK TYPE 
6 REMARKS 

JEG-AL-ENG-2A (3t84)  
I 



I v - 
BOREHOLE LOG (ROCK1 

. - 
-. I - 01 LOCATION ID: L 13 - LOCATION MAP: UITE ID: I 

N E 
GROUND ELEVATION (ft. MSL): 
DRILLING METHOD: 
DRILLER: 
DATE STARTED: 
DATE COMPLETED : 
FIELD REP.: R. H~/ /G a d 

I GROUNDWATER LEVELS 
DATE I TIME I DEPTH (ft.) 



I WELL COMPLETION RECORD I 
SITE ID: MON 07 LOCATION ID: DATE INSTAL&ED: F?hR . 
APPROX. SITE COORDINATES:(FT.) N E 
OPEN AREA PER LINEAL FT. CIN~IFT.) 

I FORMATION OF COMPLETION: P C U ~  
FIELD REP.: f i v n ~ ~  DRILLER: s#+6 

I COMMENTS: I 





Well Detail Report for: MONO1 0613 2/25/98 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) Elev Depth 

LOCATION CODE: 0613 TOP GRAVEL PACK: 4726.82 135.1 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4702.82 159.1 

DAMAGED: No TOP OF SCREEN: 4724.82 137.1 

SURFACE ELEVATION: 4861.92 BOTTOM OF SCREEN: 4704.82 157.1 

BOTTOM ELEVATION: 4700.81 
GRAVEL PACK LENGTH: 24.0 

TOTAL DEPTH: 161 . I  
SCREEN LENGTH: 20.0 

ZONE OF COMPLETION: DECHELLEY 
MEMBER OF THE 

CASING LENGTH: 161.46 

CUTLER 
FORMATION 

CASING-DIAMETER (in.): 2 

Lithology Details 

TOP BOTTOM 
- 

Elev - - Elev DESCRlPTlON ' LITHOLOGY DESCRIPTION 

4860.81 1.11 4827.81 34.11 POORLY SAND, fine. It. reddish brown to tan 
GRADED SANDS 

4827.81 34.11 4783.81 78.11 POORLY SHINARUMP MEM., CHINLE FM.: 
GRADED SANDS SANDSTONE, medium to coarse grained. See log 

of nearbywell 610 for description of materials to 
78 feet. Notrecorded for this hole.SH1NARUMP 
MEM.,Continued. 

4783.81 78.11 4774.21 87.71 POORLY Note: No log until coring commenced at 77.8 
GRADED SANDS ' feet. SANDSTONE, fine to medium grained. 

cross bedded withhematite and limonite common. 
noncalcareous, It. grey toyellowish brown.Note: 
Thin seam of black chert pebble cong, at base 
ofshinarum 

4774.21 87.71 4765.81 96.11 CLAYS MOENKOPI FORMATION: CLAYSTONE, with 
finely disseminated pyrite, reductionenvironment, 
mod spaced fractures, slightly 
calcareous,greenish grey.Note: Color change to 
reddish brown, closely spacedfractures.Note: 
Color change to dark brown 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 



Well Detail Report for: MONO1 061 3 2/25/9 8 

TOP - t30TTOM 
Elev - Elev DESCRIPTION - 

4765.81 96.11 4764.21 97.71 SILTS 8 FINE 
SANDS 

4764.21 97.71 4752.81 109.11 CLAYS 

4752.81 109.11 4746.21 115.71 POORLY 
GRADEDSANDS 

4746.21 115.71 4730.81 131.11 POORLY 
GRADED SANDS 

4730.81 131.11 4716.21 145.71 POORLY 
GRADED SANDS 

LITHOLOGY DESCRIPTION 

SILTSTONE AND CLAY STONE, interbedded, 
calcareous, Itgrey to dk. brown. 

CLAYSTONE, with minor interbeds of siltstone, 
dk.brown.Note: One foot layer of sandstone at 
100 feet.Note: Ciosely space fractures at 103 
feet.Note: Thin seam of sandstone at 103 feet and 
at 104.5 ft..MOENUOPI.Continued. 

CLAYSTONEISANDSTONE. interbedded, mottled 
dark brownand Jl grey respectively.Note: intensly 
fractured at 110 to 111 feet. Artesian flow from 
borehole, 1.6 gpm, during drilling. 

SANDSTONE, fine to coarse, trace to little 
clay,calcareous, dk. brown to pinkish white.Note: 
Color change to pale yellow at 120 ft.Note: Color 
change to dark brown with varying amounts 
ofclaylshale seams from 122 feet.Note: Color 
change to 

DeCHELLY SANDSTONE MEM.,CUTLER FM. 
(Probable contact) SANDSTONE, fine to very 
fine, cross bedded, withlimonite cementation, 
yeiiowish brown.Note: Color change to tan.TD AT 
144.7 FEET.Artesian flow at 2.0 gprn at 
com~letion of driliin 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 
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SITE ID: f l ~ d  - 01 LOCATION ID: &4f %~"'%/d DATE INSTAL LED:^‘, 
APPROX. SITE COORDINATES:(FT.I N E 

OPEN AREA 

I FORMATION 

FIELD REP.: 

I COMMENTS: I 



Well Detail Report for: MONO1 0614 2/25/98 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) WDepth 

LOCATION CODE: 0614 TOP GRAVEL PACK: 481 0.56 45.1 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4783.66 72.0 

DAMAGED: No TOP OF SCREEN: 4807.66 48.0 

SURFACE ELEVATION: 4855.63 BOTTOM OF SCREEN: 4787.66 68.0 

BOTTOM ELEVATION: 4769.78 
GRAVEL PACK LENGTH: 26.9 

TOTAL DEPTH: 85.9 
SCREEN LENGTH: 20.0 

ZONE OF COMPLETION: SHINARUMP 
MEMBER OF THE CASING LENGTH: 71.150 

CHINLE 
FORMATION and 
ALLUVIUM 

CASING-DIAMETER (in.): 2 

Lithology Details 

I 
Top BOTTOM uscs 

- 
Elev - Elev & DESCRIPTION LITHOLOGY DESCRIPTION 

4854.28 1.35 4806.28 49.35 POORLY SAND, fine, brown. 
I 

GRADED SANDS 

4806.28 49.35 4787.28 68.35 POORLY SHINARUMP MEM., CHINLE FM: 
GRADED SANDS SANDSTONE, fine to medium grained, well 

cemented,noncalcareous, massive with occ. 
traces of cross bedding,limonite stains, good 
porosity, It. grey to dark greyishorange.Note: 
Cross bedding becoming more promin ! 

4787.28 68.35 4781.68 73.95 WELL GRADED CONGLOMERATE, fine sand to pebbles. 
SANDS subangular tosubrounded, well cemented. 

noncalcareous, cross bedded,porous, pale 
yellowish brown 910YR,6/2). 

4781:68 73.95 4777.48 78.15 CLAYS MOENKOPI FORMATION: CLAYSTONE, with I 

siltstone interbeds, altered,bleached, micaceous 
I 

with diseminated pyrite, brownishyellow. 

4777.48 78.15 4769.88 85.75 SILTS 8, FINE SILTSTONE, with interbedded sandstone seams I 
I 

SANDS (15%),firmly cemented to friable, ripple 
laminations, occasionalclay lenses, yellowish 
brown.TD AT 84.5 FEET. 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 



WELL COMPLETION RECORD 

SITE ID: LOCATION ID: 

I COMMENTS: I 
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MACTECiERS . .~ ., -.-'.~ 
-- . - - .  ~ 

~ - Borehole Summary 2597 6 3/4 Road Page 1 of 
Grand Junction. Colorado~81502-:. . ~ 

Facllity Gronq' Jjnctr-or,  0 fC;re -  Project UM7GA GroundIda ler 

loring/Well No. L o c a t i o n . ( N l 2 / . % g 7 7  (El 787587 

Ground Elev. (Ft.) 4886, 27 BitlAuger Size N A  Hole Depth (Ftl 154.4 
Diameter (inch I. D.) No. of Completions ) 

TYPE Vol. (cf. gall Interval (Ft.) 
I! 

Stick-Up H e i ~ h t  (Ft) 2,4 
Blank Casing PvC 5cd. 4 0  O t 0 / 0 3 . 9  Slot Size 
Screen A o n o  ear PVC To" /03.9 to a 3  

umplEnd Cap POC s,d. 40 To " -to & 
aand Pack S i / , c e  sand / D - 2 0  -to& 
Sealant 0- im,  k 9etkt;s g:4G % to ,m.y 

rout PDS/ P V C ~  ~ ~ j d  b5r:r~j* IOSG ~ t ; ~  to 
-3cking Cover Installed @ I N  Padlock No. 235-3 
Drilling Method P A  Sampling Method fl A 

ste Drilled liiA Date Developed f iA Fluld LevellDate 5F.26 f t %D,C / 8-16 -g+ 
~mpler(s) 

I Dsplh. 
FTI 

0 

20 

4-0 

>c 

'6' 

30 -- 

'0 -- 

! L O  -- 
1.4 .- 
-- 

-- 

Verified By 

Blows1 ' 
6' 

-- 

-- 

-- 

-- 

TO. 

J< So,.,,,-e,- Remarks P r e u i o ~ ~ ~ ~ ~ d r i i l e d - d w d l , f r o r 2 o r r c ~ ~ S o i r ~ a  l o t o t  

PI0 
ppm 

Sample No.; 
Interval 

WELL 
CONSTRUCTION 

to saturated). , ' 

0-34,3 5hinaromp Mim b r i  a f C h;n  le Frn. 

34.3- 78, y M o r n  Nopi  Fm. 
i 
I 
i 

?e,'?- 9/.3 r /osf i ino;o;  Member c t  b l o e n  Kop; f m .  1 
91.3- 154.~4 O e  Che)ly Snndslae M e m  be" C u S / r r  Fm.  - 

-- 

- 

-- 

- 

GRAPHIC 
LOG 

'" 
. , W Y .  

-=,. 
.>.. "., c...,- : s ... ...; . - .  . . .  - . . .  . . -  _ . . . .  . . .  - . . .  . . . .  . . . .  ... - ....- . - -  
A . . . .  . . .  - .... 

- 

DESCRIPTION pumped ~ 0 0 ~ a I / m s  r t w i i ~ r  i n  w c l \ - / o r l  ;i./( io 
. f ~ ~ ~ ~ f ; o o ,  This w e l l  r ' ~ $ K f t ,  Mar th W-O 7% 
5re irJet1 W ? ? G  for /if h d l c y u .  

d "  

Required Information: 
Typical name; Munsell color; percentage sand and gravel; sorting (poor 
to well); grain angularity; induration or plasticity; moisture content (moist 

I 

. . .  . . . .  . . .  . . . .  
, . .  .... ... .... ... 

. 

- .. . .  - ... - - 

. ~ . .  

, . ~  
~ \ ~ . -  . . .  . . . .  . ._  

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

-- 

- 

- 
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I I 
\f.* 1 

WELLNO. 61 9 DATE - - TIME !d /g  
I 

PLANNED INSTALLATION 

CASING DIAMETER I 

CASING STICKUP HEIGHT 2,4 CASING STICKUP HEIGHT 
I 

Top OF GROUT < lt5ft. > Top OF GROUT r 
GROUT TYPE ' QDS"~~&,,,  fe r)urrJ I 

{>arc " b-nioiic s i u i r *  
I 

TOP OF PELLETS -97,3 

SIZE OF PELLETS , / / { ' r pu  n d  

( 1  

SLOT SIZE ~ , o Z o  

- 

TOP OF FINE SAND 

TOP OF FILTER SAND 

TOP OF SCREEN 

WATER ADDED TO PELLETS 
(Gallons) 

TOP OF SLOTS /04,3 
e ~ i '  

TYPE OF SCREEN -j),J, f-;3,jF 

-- 
BOTTOM OF SLOTS /53,8 

TOP OF PELLETS 

TOP OF FINE SAND /DoJ 9 
SAND SIZE , .... 4 0  

TOP OF FILTER SAND / 0 / ,  3 
FILTER SAND SIZE 10-z 0 

TOP OF SCREEN / 0 3 , 9  

= =  - - 
z =  
-. -- --  

TOP OF SUMP/END CAP 153,3 H TOP OF SUMPIEND CAP 

- 

- 

- 

BOTTOM OF SUMP/END CAP 154-, 4 u BOTTOM OF SUMP/END CAP 
TOTAL DEPTH t5.44- 





I BOREHOLE LOG (SOIL) ~ a g e L o f Y  1 
I LOCAT ION MAP: LOCATION ID: -. I 

E 
GROUND ELEVATION (ft&SL): 
DRILLING METHOD: I A r e  

I DRILLING CONTR.: h a d -  A. de F- 
DATESTARTED: 9/Yo/S 
DATE COMPLETED : x _ ; / p f l - c  

I FIELD REP.: I 

LOCATION DESCRIPTION 
SITE CONDITION r 

I I T - 3' 0.D thmw~I l .d  Shelby lube I * - *up., Evltlnpr 
S - 2' O.D. 1.38' 1.D. dr8ro s.rnple 
U - 3' O.D. 2.42' 1.0. lube snmk 



BOREHOLE LOG (SOIL) P a g e r  of 2 

A SITE ID: '"w '& LOCATION MAP: LOCATION ID: l5-U 
d SlTE CO-ft.): 

N E 
GROUND ELEVATION (it. MSL): 
DRILLING METHOD: 
DRILLING CONTR.: &AH-- g-. f-7 

DATE STARTED: 9 / 3 0 / B b  1 
DATE COMPLETED : 
FIELD REP.: 

LOCATION DESCRIPTION 
SlTE CONDITION 

7 - 5' O.D. t h m w ~ 1 I e d  Shelby tub* 



. --.- = = ~  ~7 - ~ . - - . - ~ _ ~ _  .__ _ :  ~~=-. . 
~ , ... 

~ 
~ ~ 

- -  

ADVANCED SYSTEMS DIVISION, ALBUQUCIOUE OPERATIONS 

BOREHOLE LOG (SOIL) 
1 

LOCATION MAP: LOCATION ID: - 
I I 

GROUND ELEVATION (11. 
DRILLING METHOD: 
DRILLING CONTR.: 
DATE STARTED' 
DATE COMPLET 
FIELD REP.: 

LOCATION DESCRIPTION I SITE CONDITION I 

I 
COMMENTS: SAMPLE TYPE 

A - IUD*, cutlinps 
5 - 2' 0.0. 1.38' 1.D. drive .am 
U - 3' O.D. 2.42. 1.D. lube .em, 
T - 3' O.D. lhiwv.lled Shelby lube 



WELL COMPLETION RECORD f i t l  pi, F 

DATE INSTALLED:+ 

APPROX. SITE COORDINATES:(FT.) N 
OPEN AREA PER LINEAL FT. (IN~IFT.) 
FORMATION OF COMPLETION: /A  / / u  e 

WELL CASINO 
DIAMET ER (In) WELL CASING 

HOLE DIAMETER (In) 

COMMENTS: 





Well Detail Report for: MONO1 0650 2/25/9 8 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONO!) Elev Depth - 
LOCATION CODE; 0650 TOP GRAVEL PACK: 4720.29 71.0 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4693.79 97.5 

DAMAGED: No TOP OF SCREEN: 4715.79 75.5 

SURFACE ELEVATION: 4791.31 BOTTOM OF SCREEN: 4695.79 95.5 

BOTTOM ELEVATION: 4690.65 GRAVEL PACK LENGTH: 26.5 
TOTAL DEPTH: 100.7 SCREEN LENGTH: 20.0 

ZONE OF COMPLETION: ALLUVIUM CASING LENGTH: 100.49 

CASING-DIAMETER (in.): 4 

Lithology Details 

TOP BOTTOM uscs - 
Elev Depth - Elev DESCRIPTION LITHOLOGY DESCRIPTION - 

4790.15 1.16 4688.15 103.16 POORLY SAND, silty, fine to medium, nonplastic, It. 
GRADED SANDS redd~shbrown.EOLIAN DEPOSIT.Continued 

4688.15 103.16 4686.15 105.16 POORLY SHINARUMP MEM., CHINLE FM.: 
GRADED SANDS SANDSTONE, soft red.TD AT 104 FEET. 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 
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B O R E H O L E  LOG (SOIL) 
SITE ID: d~ '0 / LOCATION ID: LX&- 
SITE COORDINATES (ft.): 

DATE STARTED: 
DATE COMPLETED : 

VISUAL CLASSIFICATION 

EO'MIMENTS: SAMPLE TYPE 

I 
A - Auger ~ ~ I l l n o I  
S - 2' O.D. 1.38' I.D. drlrr s . 4  
U - 3' D.D. 2.42' I.D. tube s e  
T - 3' O.D. 1hbwall.d Shelby tvbr I 



BOREHOLE LOG (SOIL) page 2 of 2 

SITE ID+& - d / LOCATION ID: 65) 
SITE COORDINATES (ft.): I 
N E 
GROUND ELEVATION ( i t .  MSL): 
DRILLING METHOD: d f ~ t - , w  

, DRILLING CONTR.: & ~ h r  &A&-,- L . 
DATE STARTED: 
DATE COMPLETED : 
FIELD REP.: 

GROUNDWATER LEVELS 
I TIME I DEPTH (it.) 

VISUAL CLASSIFICATION 

I 
1 

I 

I 

I 

i 

I 

! 

i 
1 



~ a g e z o f  3 

LOCATION ID: .A 
N E 

DRILLING METHOD: 

GROUNDWATER LEVELS 
I TIME I DEPTH ( 1 1 . )  

I I I I 

LOCATION DESCRIPTION 
SITE CONDITION 

SAMPLE TYPE 
A - AUOCI cuttings 
5 - 2' O.D. 1.311' 1.D. drive 
U - 3' O.D. 2.42. 1.0. tube 
T - 3' 0.0. lhirrr.llea She1 



. . 

LOCATION ID: Gf/ 

FIELD REP.: 

DIAMETER (In) 

HOLE DIAMETER (In) 

COMMENTS: 

. .  * , ? . . . .  



DEVELOPMENT 



Well Detail Report for: MONO1 0651 2/25/9 8 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) Elev Depth - 
LOCATION CODE: 0651 TOP GRAVEL PACK: 4767.51 17.1 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4702.51 82.1 

DAMAGED: No TOP OF SCREEN: 4764.51 20.1 

SURFACE ELEVATION: 4784.64 BOTTOM OF SCREEN: 4704.51 80.1 

BOTTOM ELEVATION: 4699.46 
GRAVEL PACK LENGTH: 65.0 

TOTAL DEPTH: ' 85.2 

ZONE OF COMPLETION: ALLUVIUM 
SCREEN LENGTH: 80.0 

CASING LENGTH: 85.37 

CASING-DIAMETER (in.): 4 

Lithology Details 

TOP - BOTTOM uscs - 
Elev - - Elev @ DESCRIPTION LITHOLOGY DESCRIPTION 

4781.46 3.18 4739.46 45.18 POORLY SAND, some silt, fine to medium, nonplastic, 
GRADED SANDS beddish brown. 

4739.46 45.18 4737.46 47.18 CLAYS ALLUVIUM: SANDY CLAY, low plasticity, tan. 

4737.46 47.18 4711.46 73.18 POORLY EOLIAN: SAND, some silt, fine to medium, 
GRADED SANDS nonplastic, It.reddish brown. 

4711.46 73.18 4699.46 85.18 CLAYS ALLUVIUM: SANDY CLAY. low plasticity, tan to 
It. brown.TD AT 82 FEET. 

Note. Depths are feet below ground surface and elevations are feet below Mean Sea Level. 



DVANCID SVSltMS DIVISION, ALIUPUIIWUI OPlRATlONS 

EOREHOLE LOG (SOIL) 
I 

LOCATION MAP: A SITE ID: * - c ~ f  LOCATION ID: L a  
SlTE COORDINATES (11.): 
N E 
GROUND ELEVATION (11. MSL): 
DRILLING METHOD: 
DRILLING CONTR.: 
DATE STARTED' 
DATE COMPLET 
FIELD REP.: 



! 

DRILLING CONTR.: 

I 

i 

V18UAL CLA88IFICATION 1 

I 
I 

I 
I 

I 

I 

! 

j 

I 



WELL COUPLET ION RECORD 

I COMMENTS: I 





- Well Detail Report for: MONO1 0652 2/25/98 
1 f I 3 I I "  L b l f  

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) Elev Depth - 
LOCATION CODE: 0652 TOP GRAVEL PACK: 4773.84 31.7 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4747.84 57.7 

DAMAGED: No TOP OF SCREEN: 4769.84 35.7 

SURFACE ELEVATION: 4805.54 BOTTOM OF SCREEN: h49.84 55.7 

BOTTOM ELEVATION: 4744.69 GRAVEL PACK LENGTH: 26.0 
TOTAL DEPTH: 60.8 SCREEN LENGTH: 20.0 

ZONE OF COMPLETION: ALLUVIUM CASING LENGTH: 63.090 

.. CASING-DIAMETER (in.): 4 

Lithology Details 

TOP - BOTTOM uscs - 
Elev Depth - Elev @ DESCRIPTION LITHOLOGY DESCRIPTION - 

4800.69 4.85 4744.69 60.85 POORLY SAND, some silt, fine to medium, nonplastic. 
GRADED SANDS 1t.reddish brown.EOLIAN.Continued. 

4744.69 60.85 4742.69 62.85 POORLY SHINARUMP MEM.. CHINLE FM.: 
GRADED SANDS SANDSTONE, soft. It. red.TD AT 58 FEET. 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level 
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ADVAUCfD S V S l I M S  DIVISION, ALIUOUE@PUI OPiRAllONS 

BOREHOLE LOG (ROCK) 

SITE ID:-. LOCATION ID: 
SITE COORDINATES (ft.1: 

ROCK T Y P E  R E M A R K S  

UX - M Z  " D C X  C O I I W G  

1 I 
JEG-AL-EWG-ZA (4185)  



WELL COMPLETION R E C O R D  

P f ~ d  LOCATION ID: e4-53 



- 

. 

Well Detail Report for: MONO1 0653 - 2/25/98 
. 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONO?) Elev Depth - 
LOCATION CODE: 0653 TOP GRAVEL PACK: 0 4834.3 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 0 4834.3 

DAMAGED: No TOP OF SCREEN: 4778.94 . 55.3 

SURFACE ELEVATION: 4834.26 BOTTOM OF SCREEN: 4758:94 75.3 

BOTTOM ELEVATION: 4754.14 GRAVEL PACK LENGTH: 0.0 

TOTAL DEPTH: 80.1 SCREEN LENGTH: 20.0 

ZONE OF COMPLETION: ALLUVIUM CASING LENGTH: 80.14 

CASING-DIAMETER (in.): 4 

Lithology Details 

TOP - BOTTOM uscs - 
Elev Depth - Elev DESCRIPTION LITHOLOGY DESCRIPTION - 

4832.14 2.12 4754.14 80.12 POORLY SAND, somesilt. It. reddish brown.Note: 
GRADED SANDS undifferentiated to total depth.EOLIAN 

DEPOSITS, continued.TD AT 78 FEET.Note: 
Caving badly to TD. 

Note: Depths are feel below ground surface and elevations are feel below Mean Sea Level. 
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LOCATION ID: L, 

DRILLING METHOD: 

VISUAL CLASSIFICATION 

JEG-AL-ENG-2s  ( 4 1 8 6 )  



- 

1 I IE~CCOBS ENGINEERING GROUP INC. 1 1JEl ADVANCED srsnw DIVISION, ALIUOUR~UI OF~MIONS 

BOREHOLE LOG (SOIL) page 2? of 3 

.OCATION MAP: * SITE ID: ,- LOCATION ID: LT'?' 1 SITE COORDINATES ((1.1: 
N E 
GROUND ELEVATION (11. 
DRILLING MET HOD: 1 
DRILLING CONTR.: I 
DATE STARTED 
DATE COMP 
FIELD REP.: 

LOCATION DESCRIPTION I SITE CONDITION I 
VISUAL CLASSIFIC 

SAMPLE TYPE 
A - A u w r  ~v l l lnp '  
S - 2' O.D. 1.311' 1.0. drive ..mole 
U - 3' O.D. 2.42' I.D. lube s.mp)e 
T - 3' O.D. lhlrrwalled Shelby lube 



BOREHOLE LOG (SOIL) 
- t .  

LOCATION MAP: A SITE ID: a - of LOCATION ID: d P f  
d 1 SITE COORDINATES (ft.): 



~ - .  

WELL COMPLETION RECORD 

SITE ID: 6' d /  LOCATION ID: d3-7' DATE INSTALLED:,- 
APPROX. SITE COORDINATES:(FT.) N 
OPEN AREA PER LINEAL FT. (IN~IFT.) 

FORMATION OF COMPLETION: 

WELL CASING 
DIAMETER (In) WELL' CASING 

HOLE DIAMETER (In) 

COMMENTS: 



DEVELOPMENT 

- ? "- .* ". 



Well Detail Report for: MONO1 0654 
. ' ) r C i  

2/25/98 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) Elev Depth - 
LOCATION CODE: 0654 TOP GRAVEL PACK: 4776.01 45.6 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4748.01 73.6 

DAMAGED: No TOP OF SCREEN: 4770.01 51.6 

SURFACE ELEVATION: 4821.61 BOTTOM OF SCREEN: 4750.01 71.6 

BOTTOM ELEVATION: 4745.41 
GRAVEL PACK LENGTH: 28.0 

TOTAL DEPTH: 76.2 

ZONE OF COMPLETION: ALLUVIUM 
SCREEN LENGTH: 20.0 

CASING LENGTH: 76.35 

CASING-DIAMETER (in.): 4 

Lithology Details 

BOTTOM uscs - 
Elev - Elev DESCRIPTION LITHOLOGY DESCRIPTION - 

4824.41 -2.80 4745.41 76.20 POORLY SAND, some silt, It. reddish brown.Note: 
GRADED SANDS undifferentiated to total depth.EOLIAN 

DEPOSITS. continued.TD AT 79 FEET.Note: 
Caving badly to TD. 

Note: Depths are feet below grourtd surface and elevations are feet below Mean Sea Level. 



. 

I JACOBS ENGINEERING GROUP INC. - 
ADVANCED SYSltMS DIVISION. ALBUPUtPOUt'OlEPA110NS I 

LOCATION MAP: i :  A 

--.----.. - 

SITE ID: LOCATION ID: 6 55 
SITE COORDINATES ( f t . ) :  
N 

-- 
E 

GROUND ELEVATION (11. MSL): -- 

DRILLING METHOD: R o f ~ n  / ~ / J . D  - - 

DRILLING CONTR.: Ba 6 ' ~ @ & , ? 7 ~ n /  
DATE STARTED: Sen tr /2, /98< 
DATE COMPLETED : S!of. 12, / 9 p s  
FIELD REP.: 

I GROUNDWATER LEVELS 
DATE I TIME I DEPTH ( $ 1 . )  

I 

R O C K  T Y P E  1 R E M A R K S  

COMMENTS: poasr' o r r - a x , -  

* - . ill "OL'O* srcu " U b C l  

C - 4 1,) S O * ? I * U O Y S  r L l G * l  ."GI* 

6 0  - G L I R  #I? 

M I  - *I R O C "  S O D I * C  

*a  - * a  W l i l t l l k E  not. COPl l tG  

J E G - A L - E N G - 2 A  ( 4 1 8 5 )  



WELL COMPLETION RECORD 

LOCATION ID: A+ 6 5 5  D A T E  INSTALLED: 9*/2,g5 

FIELD -REP.: 

WELL CASING 
DIAMkTER (In) 

HOLE DIAMETER (in) 

COMMENTS: 



WELL COMPLETION RECORD 

DATE INSTALLED: 

FORMATION OF COMPLETION: 

WELL CASING WELL CASING 

HOLE DIAMETER (in) 

BACKFILL T YPE 

! JEG-AL-ENO-3 (5 la4 )  



Well Detail Report for: MONO1 0655 2/25/98 I 

GENERAL INFORMA TION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) Elev Depth - 
LOCATION CODE: 0655 TOP GRAVEL PACK: 4825.39 33.5 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4800.39 58.5 

DAMAGED: No TOP OF SCREEN: 4822.39 36.5 

SURFACE ELEVATION: 4858.9 BOTTOM OF SCREEN: 4802.39 56.5 

BOTTOM ELEVATION: 4797.73 
GRAVEL PACK LENGTH: 25.0 

TOTAL DEPTH: 61.2 
SCREEN LENGTH: 20.0 

ZONE OF COMPLETION: ALLUVIUM 
CASING LENGTH: 61.670 

CASING-DIAMETER (in.): 4 

Lithology Details 

TOP - BOTTOM uscs - 
Elev - - Elev DESCRlPTiON LITHOLOGY DESCRIPTION 

4857.73 1.17 4797.73 61.17 POORLY SAND, some silt. It. reddish brown.Note: 
GRADED SANDS undifferentiated to total depth.EOLIAN 

DEPOSITS, continued.TD AT 60 FEET.Note: 
Caving badly to TO. 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 



RlLLlNG CONTR.: 

, . 

R O C K  T Y P E  L R E M A R K S  

I J E G - A L - E N G - P A  ( 4 1 8 5 )  



. .. . 

WELL COMPLETION RE~CORb 

DATE INSTALLED: y/2'p5- 
APPROX.  SITE COORDINATES:(FT.I N 

OPEN AREA 9 E R  LINEAL FT .  (IN*/FT.) 
3 o . w ~  

FIELD -REP.: 

WELL CASING'  
DIAMCTER ( In)  

HOLE DIAMETER (In) 

COMMENTS: 



Well Detail Report for: MONO1 0656 2/25/98 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONO1) Elev Depth - 
LOCATION CODE: 0656 TOP GRAVEL PACK: 4817.61 35.9 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4792.61 60.9 

DAMAGED: No TOP OF SCREEN: 4816.61 36.9 

SURFACE ELEVATION: 4853.48 BOTTOM OF SCREEN: 4796.61 56.9 

BOTTOM ELEVATION: 4792.07 
GRAVEL PACK LENGTH: 25.0 

TOTAL DEPTH: 61.4 

ZONE OF COMPLETION: ALLUVIUM 
SCREEN LENGTH: 20.0 

CASING LENGTH: 61.720 

CASING-DIAMETER (in.): 4 

Lithology Details 

TOP BOTTOM uscs - - 
Eiev - Elev DESCRIPTION LITHOLOGY DESCRIPTION 

4852.07 1.41 4792.07 61.41 POORLY SAND, some silt, it. reddish brown.Note: 
GRADED SANDS undifferentiated to total depth.EOLIAN 

DEPOSITS, continued.TD AT 60 FEET.Note: 
Caving badly to TD. 

Note Depths are feet below ground surface and elevatiorls are feet below Mean Sea Level. 
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I BOREHOLE LOG (ROCK) 

LOCATIONIMAP: SITE ID:.- LOCATION ID: 657 
SITE COORDINATES (11.1: 
N 

DRILLING METHOD: 

LOCATION DESCR~PTION o i l g  
SITE CONDITION S& i?d Y n d b  

R O C K  T Y P E  8 R E M A R K S  

0 /- 5 / r c - ~ ~ i s h  A ~ V N E  SND 

( U A l ~ d d ~ r  L:>N+CO) 

ITaxu/c ~ , ' z F  TAdb q d D  ~ m e f l  
E~/ , /&-s (A//uv/.um7) rf imt-  ct /or  

l o * '  8s A ~ O V E  

/A-'-20' R S  r ) 6 o 1 / ~  

30L.35' n'~crr,+sr /.L 2 a f  p ~ 6 b / ~ s  

YoL60r J ~ A V E / . / ~  ~ a d p  ( r h c l ~ a s s n  
S A ~ J ~  n f t ~ r  c h ~ ~ / ~ , ' ~ ~  mu e 4* 

J E G - A L - E N G - P A  ( 4 1 8 5 1  
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. 
I 

BOREHOLE LOG (ROCK) I 
SITE ID:L LOCATION ID: 457 
SlTE COORDINATES (11.1: 
N E 
GROUND ELEVATION (11. MSL): 
DRILLING MET HOD: hrt/ / ~ u b j  
DRILLING CONTR.: EIL /Peemad 
DATE STARTED: 
DATE COMPLETED : 
FIELD REP.: 

I I GROUNDWATER LEVELS 
DATE I TIME I DEPTH ( 1 1 . )  I 

I 

I 

I 

t I 

I I 

LOCATION DESCRIPTION ov /7 o a /d #~;/ / 'n/ss D;/C 
SITE CONDlTiON Cd# Or/ SPdh 

60 1 w' CbArSC SAND I 

I 

I 

a'-/o0'  vc7 s ~ y ,  tl ~ ~ b ~ u m ,  

W /  yntjsr j r * " ~ l  

+ f /U;D losr 2s c/, 

165'- //of fiMC ;Id rnED/r/rr FAdD 
I 
I 

J E G - A L - E N G - 2 ~  ( 4 1 8 5 )  
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. 
BOREHOLE LOG (ROCK) 

I 

LOCATION MAP: A 
Y 

I W 
SITE ID: ,& LOCATION ID: 
SITE COORDINATES (ft.): 1 
N E 
GROUND ELEVATION (11. MSL): 
DRILLING METHOD: 
DRILLING CONTR.: Z66 / / eemnrJ  
DATE STARTED: 
DATE COMPLETED : <Cnt.  c' rrak / 

FIELD REP.: C . f d ;  / ko1  

d w f h  of old 7 L ~ i / t i v q s  D;/= LOCATION DESCRIPTION 
- 

SITE CONDITION rift T A d h  / '  
- -r, : - z 

0 i'r 0 z U *  * .. & a  -- - u _O 5 0 
'. 0 2  z * = - -  0 - >  _Z LZ - 0 

t -  C >  ?;a 2:: " a  o : W -  
2 - a  * a  7. f P R O C K  T Y P E  R E M A R K S  
a ;: C -  r(l- a X C  a 
u o o _ Z  = 0 - 
a 0 g; *: 0 3 

" n o - :  

I # L 

I :  / ~ O L N S '  I U ~ E ~ V ~  P ~ ~ b f i l / c  

5 - 0  p,;,ar-;/y ~ a n o s h u r  

fry m E#~.s (cu f t , 'w9s) f r o m  

C - 4 0 2  C O Y I 1 " Y O U S  ? l l t * T  bUCC' 

JEG-AL-ENG-ZA ( 4 1 8 5 )  



WELL COMPLETION R E C O R D  

LOCATION ID: #657 DATE INSTALLED: 95.e5  
APPROX. SITE COORDINATES:(FT.) N 
OPEN AREA 9 E R  LINEAL FT.  (IN*/FT.) 

TP Che/// % Mbm of Put& 
FIELD -REP.: 

WELL CASING 
DIAMLTER (In 

HOLE DIAMETER (In) 

BACKFILL TYPE 

COMMENTS: 



Well Detail Report for: MONO1 0657 2/25/98 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) EIev Depth 
LOCATION CODE: 0657 TOP GRAVEL PACK: 4765.21 11 1.4 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4745.21 131.4 

DAMAGED: No TOP OF SCREEN: 4762.21 114.4 

SURFACE ELEVATION: 4876.58 BOTTOM OF SCREEN: 4747.21 129.4 

BOTTOM ELEVATION: 4741.18 

TOTAL DEPTH: 135.4 

ZONE OF COMPLETION: DECHELLEY 
MEMBER OF THE 

GRAVEL PACK LENGTH: 20.0 

SCREEN LENGTH: 15.0 

CASING LENGTH: 133.78 

CUTLER 
FORMATION 

CASING-DIAMETER (in.): 4 

Lithology Details 

TOP ' - BOTTOM uscs - 
Elev - - EIev DESCRIPTION LITHOLOGY DESCRIPTION 

4881.18 -4.60 4876.18 0.40 POORLY SAND, some silt. It. reddish brown.Note: 
GRADED SANDS undifferentiated to total depth. 

4876.18 0.40 4871.18 5.40 WELL GRADED ALLUVIUM: GRAVELLY SAND. medium to 
SANDS coarse sand, with finegravel, It reddish brown. 

4871.18 5.40 4860.78 15.80 SANDSTONE EOLIAN. SAND, some silt, It. reddish 
brown.Note: Occasional pebbles indicating some 
lenses of reworkedalluvial deposits from 20 to 35  
feet 

4860.78 15.80 4841.18 35.40 POORLY 
GRADED SANDS 

4841.18 35.40 4781.18 95.40 WELL GRADED ALLUVIUM GRAVELLY SAND. with interbeds 
SANDS of eolian sand, tan.EOLIAN DEPOSITS, continued 

4781 18 95 40 4776 18 100 40 SANDY GRAVEL. coarse sand ALLUVIUM, 
continued 

4776.18 100 40 4771 18 105.40 POORLY EOLIAN: SAND, fine to medium, It reddish 
GRADED SANDS brown 

ALLUVIUM SANDY GRAVEL, with fragments 
of Moenkopi Formation. 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 



Well Detail Report for: MONO1 0657 2/25/98 

TOP BOTTOM 

Elev Depth - - Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION 

4761.18 115.40 4741.18 135.40 POORLY DeCHELLY SANDSTONE MEM., CUTLER FM. 
GRADED SANDS SANDSTONE. It. brn to med. reddish brown.TD 

AT 140 FEET. 

Note: Depths are feet below ground surface and elevations are feet belovi Mean Sea Level. 
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I BOREHOLE LOG (ROCK) 

LOCATION M h 

A 

: t 

SITE ID:.-, LOCATION ID: 6 5-f 
SITE COORDINATES (11.1: 
N E 
GROUND ELEVATION (11. MSL): 
DRILLING METHOD: Rafdrv (mrln) 
DRILLING CONTR.: ,n,b'PPr/nAnf. 
DATE STARTED: S ~ p f :  25: H5C 
DATE COMPLETED : 5 r b f g  26' .  I9YJ- 
FIELD REP.: G, &?,'//€R ' 

R O C K  T Y P E  a R E M A R K S  

sh ,h,qrU rnr 55. - f ~ $  fo 

~ h ; f € /  r n ~ ~ ; u r n  ?o ~ 0 ~ t - s ~  S ~ ~ J D -  

S ~ P I J E ~  C0,9/y frdm 145: 155' 

Zr of /31Dc~k.p; Fm - B'*;5* - gray 
A H E ~ E D  s i h k f r ~ t ~  



WELL .COMPLETION RECORD 

APPROX. SITE COORDINATES:(FT.) N E 
OPEN AREA P E R  LINEAL FT. (IN*IFT.) 
I F ~ R M ~ T ~ ~ N  Of  COMPLETION: J - ~ I > R H U ~ P  5s d Ch'd/6 6. 
I FIELD -REP.: D~;//EK D R I L L ~ R :  &?06 &</MA& f f i ~  . A) 

- 
COMMENTS: I 



Well Detail Report for: MONO1 0658 2/25/98 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) & D e p t h  

LOCATION CODE: 0658 TOP GRAVEL PACK: 4756.82 120.2 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4713.82 163.2 

DAMAGED: No TOP OF SCREEN: 4743.82 133.2 

SURFACE ELEVATION: 4677.03 BOTTOM OF SCREEN: 4723.82 153.2 

BOTTOM ELEVATION: 471 1 .I9 
GRAVEL PACK LENGTH: 43.0 

TOTAL DEPTH: 165.8 
SCREEN LENGTH: 20.0 

ZONE OF COMPLETION: SHINARUMP 
MEMBER OF THE CASING LENGTH: 158.14 

CHINLE 
FORMATION 

CASING-DIAMETER (in.): 4 

Litllology Details 

TOP BOTTOM UsCS - 
Elev Depth - - Elev DESCRIPTION LITHOLOGY DESCRIPTION 

4876.19 0.84 4786.19 90.84 POORLY SAND, medium to fine, little siit, reddish 
GRADED SANDS brown.Note: Undifferentiated dune deposits to 90 

feet.EOLIAN DEPOSITS, Continued. 

4786.19 90.84 4719.19 157.84 POORLY SHINARUMP MEM., CHINLE FM.:SHINARUMP 
GRADED SANDS MEM.. Continued. 

4719.19 157.84 4711.19 165.84 SILTS &FINE MOENKOPI FM. SILTSTONE. altered, bluish 
SANDS grey.Note: Color change to reddish brov/n.TD AT 

165 FEET. 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 
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ADVANCID SlSlIMS OIVlSlON. ALBUOUIPOV~.OPIBATlONS 

BOREHOLE LOG (ROCK) 

SITE ID:% LOCATION ID: kS), 
SlTE COORDINATES (ft.): 

LOCATION DESCRIPTION h/ar7/7 of 5 4 . /  m;/c 
SITE CONDITION SP* S R ~ D  6 d  / 

/77ED;um f4 Kfr;-/c 7 . 4 , ~ ~ 3 ,  

/DD, /, , , L J ~  c @ &st  /I ~ f l  bAfe3 

4 f L / / ~ '  shI;~&rurn SL - F d n ~ c  

J E G - A L - E N G - Z A  ( 4 1 8 5 )  
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R O C K  T Y P E  k R E M A R K S  
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I 
WELL COMPLETION R E C O R D  I 

( COMMENTS: I 



Well Detail Report for: MONO1 0659 2/25/98 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) Elev Depth - 
LOCATION CODE: 0659 TOP GRAVEL PACK: 4781.63 80.1 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4754.63 107.1 

DAMAGED: No TOP OF SCREEN: 4776.63 85.1 

SURFACE ELEVATION: 4861.72 BOTTOM OF SCREEN: 4756.63 105.1 

BOTTOM ELEVATION: 4750.84 GRAVEL PACK LENGTH: 27.0 
TOTAL DEPTH: 110.9 SCREEN LENGTH: 20.0 

ZONE OF COMPLETION: SHINARUMP 
MEMBER OF THE 

CASING LENGTH: 110.34 

CHINLE 
FORMATION 

CASING-DIAMETER (in.): 4 

Lithology Details 

TOP - BOTTOM uscs - 
Elev Depth - Elev DESCRIPTION LITHOLOGY DESCRIPTION - 

4860.84 0.88 4812.84 48.88 POORLY SAND, medium to fine, littlesilt, reddish 
GRADED SANDS brown.Note: Undifferentiated dune deposits to 90 

feet. 

4812.84 48.88 4750.84 110.88 WELL GRADED SHINARUMP MEM., CHINLE FM.: 
SANDS SANDSTONE, medium to coarse, occasional 

conglomeriticstratum, white w ~ t h  limonite 
stains.SHINARUMP MEM., Continued.TD AT 110 
FEET. 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 
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BOREHOLE LOG (ROCK) 

SITE ID: Mdn/ LOCATION ID: 6 60 
SITE COORDINATES (ft.): 
N E 
GROUND ELEVATION (11. MSL): 
DRILLING METHOD: R o f f i r ~    mu^) 
DRILLING CONTR.: i3,b  bee^^^ 
DATE STARTED: S E D ~  Z Y. /99r 
DATE COMPLETED: kb f .  >( I98r 
FIELD REP.: @,'//ER 

GROUNDWATER LEVELS 
DATE TIME DEPTH ( 1 1 . )  

LOCATION DESCRIPTION 

R O C K  T Y P E  & R E M A R K S  

J E G - A L - E N G - 2 ~  ( 4 1 8 5 )  



. . ~. 

.. ~ . . -. - 

. . .  ~ . . ~~ 

DATE INSTALLED: Y ~ q ' g c  
APPROX. SITE COORDINATES:(FT.) N 

OPEN AREA P E R  LINEAL FT.  ( IN~ /FT . )  

WELL CASING WELL CASING 
DIAMLTER (In) 

HOLE DIAMETER (In) 

COMMENTS: 

JEG-AL-ENQ-3  ( 5 1 8 4 )  



Well Detail Report for: MONO1 0660 2/25/9 8 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) Elev Depth - 
LOCATION CODE: 0660 TOP GRAVEL PACK: 4710.16 123.4 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4679.16 154.4 

DAMAGED: No TOP OF SCREEN: 4701.16 132.4 

SURFACE ELEVATION: 4833.55 BOTTOM OF SCREEN: 4681.16 152.4 

BOTTOM ELEVATION: 4676.38 
GRAVEL PACK LENGTH: 31.0 

TOTAL DEPTH: 157.2 
SCREEN LENGTH: 20.0 

ZONE OF COMPLETION: SHINARUMP 
MEMBER OF THE 

CASING LENGTH: 157.16 

CHINLE 
FORMATION 

CASING-DIAMETER (in.): 4 

Lithology Details 

TOP BOTTOM uscs - 
Elev - - Elev . DESCRIPTION LITHOLOGY DESCRIPTION 

4831.38 2.17 4741.38 92.17 POORLY UNDIFFERENTIATED, dune sand, medium to 
GRADED SANDS fine. Itreddish brown.EOLIAN DEPOSITS, 

Continued. 

4741.38 92.17 4676.38 157.17 WELL GRADED SHINARUMP MEM.. CHINLE FORMATION: 
SANDS SANDSTONE. medium to coarse, tan to white. 

Occasionalcoaly fragments indicate channel fill 
deposit.SHINARUMP MEM , Continued.TD AT 
155 FEET. 

Nole: Deplhs are feet below ground surface and elevalioris are feel below Mean Sea Level. 
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JEG-AL-ENG-PA ( 4 1 8 6 )  

LOCATION ID: 661 

R O C K  T Y P E  6 R E M A R K S  

H - S 112 HOLLOW S T E M  AUOER 
C - 4 I l P  COUTIYUOUS F L l O H l  AUOER 

OD - BEAR BIT 



I 

BOREHOLE LOG (ROCQ 

LOCATION MAP: A SITE ID: / f ~  6 / 
- LOCATION ID: ,a. 

d 1 SITE COORDINATES (It.): I 
N E 
GROUND ELEVATION (11.-MSL): 
DRILLING MET HOD: Mhc, 
DRILLING CONTR.: &/BAN' &,'//- C 
DATE STARTED: &.//6 
DATE COMPLETED : 
FIELD REP.: 

I LOCATION DESCRIPTION 1 

I C - 4 t # l  C O W T I Y U O U S  I L I O U l  A U  

0 8  - OEAR 8 1 1  
Y X  - Y X  ROCK C O R I Y O  

Y O  - Y O  WIRELIYE R O C K  C O A l U a  I 
JEG-AL-ENQ-2A ( 4 1 8 5 )  



BOREHOLE LOG (ROCQ 

LOCATlON MAP: A' SITE ID: &-* ' LOCATION ID: LL' 
SlTE COORDINATES (11.): 
N E 

DATESTARTED 

R O C K  T Y P E  6 R E M A R K S  

JEG-AL-ENQ-2A ( 4 1 8 6 )  



BOREHOLE LOG (ROC)() 
- 

LOCATION MAP: A 

a SITE ID: A,, 'of  LOCATION ID: & 
SITE COORDINATES (ft.): 
N E 
GROUND ELEVATIO 
DRILLING METHOD: 
DRILLING CON1 R.: 
DATE 
DATE 
FIELD 

I LOCATION DESCRIPTION I 
I 
I 
i 

R O C K  T Y P E  6 R E M A R K S  ; 
I 

1 

I 

I 

I 

1 ~ 
I 

! 
JEG-AL-ENG-PA (4185)  



I BOREHOLE LOO (ROCQ 

SITE  ID:&-^/ LOCATION ID: ~L 
SITE COORDINATES (ft.): 
N E 
GROUND ELEVATION (ft. M 
DRlLLlNQ METHOD: 
DRILLING CONTR 
DATE STARTED: 
DATE COMPLET 
FIELD REP.: 

am - OEAR BIT 
N X  - n X  R O O K  C O R I N O  
N O  - wa WIRELINE ROCK CORIWO 

J E G - A L - E N G - P A  ( 4 1 8 5 )  



, 

BOREHOLE LOG (ROC)() I 

LOCATION MAP: A 

X 
SITE ID: % 0 7  - LOCATION ID: 

SlTE COORDINATES (11.1: 
N E 
GROUND ELEVATIO 
DRILLING METHOD: 
DRILLING CONTR.: 
DATE STARTED 
DATE COMPLET 
FIELD REP.: 

I LOCATION DESCRIPTION I 
! 

SlTE CONDITION 

~ 
! 

; 

i 
I 

! 

I 
i 
! 

I 
I 
I 

i 

I 
JEG-AL-ENQ-2A ( 4 1 8 5 )  

R O C K  T Y P E  6 R E M A R K S  
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I BOREHOLE LOO (ROC&) 

LOCATION MAP: LOCATION ID: I 
N E 
GROUND ELEVATION (11. 
DRILLING METHOD: 
DRILLING CONTR.: &OR-. 'H, 
DATE STARTED: Jo///~b 
DATE COMPLETED : 
FIELD REP.: 



BOREHOLE LOG (ROCQ page& of 3 
, F . t - '  

LOCATION MAP: LOCATION ID: kd/ 

E 1 :ROUND ELEVATION ( (1.  !48L): 

DRILLING CONTR.: -&&tu &I&- G 
I 

DATE STARTED: 
DATE COMPLETED : 
FIELD REP,: 

R O C K  T Y P E  6 R E M A R K S  

c - I 1 1 ,  C o u T I w u o u a  FLIOHT AUOER 

I - OEAR BIT 

J E G - A L - E N Q - 2 A  ( 4 / 8 5 )  



m w m ~  mnus oivislorr, rweutmut on~rrtous 

BOREHOLE LOG (ROCK) 

LOCATION MAP: 4 

A 
SITE ID: 01 - LOCATION ID: 1C/ 
SITE COORDINATES 411.1: 

DRILLING METHOD: 

I LOCATION DESCRIPTION f 

R O C K  T Y P E  R E M A R K S  

' JEG-AL-ENG-PA (4185)  



( COMMENTS: I 



2 .  t. 
Well Detail Report for: MONOI: 0661.,;; ~ . 

., -. ~ 

., ~ ....,. . ~ 

2/25/98 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) Elev Depth - 
LOCATION CODE: 0661 TOP GRAVEL PACK: 4874.99 185.2 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4841.99 218.2 

DAMAGED: No TOP OF SCREEN: 4869.99 190.2 

SURFACE ELEVATION: 5060.17 BOTTOM OF SCREEN: 4849.99 210.2 

BOTTOM ELEVATION: 4839.34 GRAVEL PACK LENGTH: 33.0 
TOTAL DEPTH: 220.8 SCREEN LENGTH: 20.0 

ZONE OF COMPLETION: DECHELLEY 
MEMBER OF THE 

CASING LENGTH: 214.5 

CUTLER 
FORMATION 

CASING-DIAMETER (in.): 4 

Lithology Details 

TOP - 
Elev - 

5057.34 2.83 

BOTTOM uscs - 
Elev DESCRIPTION - 

5034.34 . 25.83 POORLY 
GRADED SANDS 

5018.34 41.83 SILTY SANDS 

4997.34 62.83 SILTS & FlNE 
SANDS 

4984.34 75.83 SILTS 8 FlNE 
SANDS 

4839.34 220.83 POORLY 
GRADED SANDS 

LITHOLOGY DESCRIPTION 

SANDSTONE, fine to medium, well cemented, 
beige topale tan.Note: Becomes coarse grained 
with It. limonite staining,medium yellowish brown. 

MOENKOPI FM.: MUDSTONE, friable, thin 
bedded, medium yellowish brobvn.Note: Color 
change to medium to dark reddish brown. 

SILTSTONE, very thin bedded, medium redd~sh 
brown tochocolate brown. 

DeCHELLY MEM.. CUTLER FM : SANDY 
SILTSTONE, chocolate brown, with 
interbeddedlt. carmel siltstone 

SANDSTONE, flne. It. to med. orangish 
brown.Note: Color change to It. brown.DeCHELLY 
SANDSTONE MEM.. CUTLER FM.. 
Continued.Note: Color change to It. orange 
brownNote: Becoming weakly to mod. 
cemented.Note. Becoming molst to very moist 
irom 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 
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-- BQREHQLE LOO (SOIL) 

.OCATION MAP: SEE LOG of A 

X 
SITE ID: MOQ. 01 LOCATION ID: HOLE 6 6 ' ~  
SITE COORDINATES (ft.): 
N E 
GROUND ELEVATION (11. MSL): 
DRILLING METHOD: fioTAt* fi'R R 7 % " 
DRILLING CONTR.: BE-AN D@W-c(tJ+ 
DATE STARTED: lo- S - 8  S 

FIELD REP.: 

VISUAL CLASSIFICATION 

JEG-AL-ENG-2s  ( 4 1 8 6 )  



VISUAL CLA8SlFICATlON 

- 3. 0 D  2 42' I D  lube smmb - 3. O D  t h ~ r w a l l e d  Shelby tub* 

JEG-AL-ENG-2S (4185)  



. 
ADVANCED SYSTEMS DIVISION, AUUOUEIQUE OClRATlONS 

I BQREHQLE LOG (SOIL) 
LOCATION MAP: SET p&€ j SITE ID: MatJ-01 LOCATION ID: ~ 0 L ~ ~ 6 ' R  

4 SITE COORDINATES (11.1: I 
N E 
GROUND ELEVATION (ft. MSL): 
DRILLING METHOD: M A S L Y  AIR. 8 3/4'' 
DRILLING CONTR.: WF MAFJ helLUNG Co, 
DATE STARTED: IO-s-Bs 
DATE COMPLETED : la - 6 - 8 s  
FIELD REP.: p s r  

I GROUNDWATER LEVELS 
DATE I TIME I DEPTH ( 1 1 . )  

I 

LOCATION DESCRIPTION I SITE CONDITION I 
VISUAL CLASSIFICATION 

mn'. MO ( S T U ~  I ~ c ~ s ~ ~  
wrrc( D c P m  $ E L P u )  158'  

U - 3' 0 D 2 42' I D  lube s a m k  
T - 3' O D  fhltrw.ll.0 Shelby tube 



- . I 
I 

ADVANCED svsnur DIVISION, AuuaurrPut marrrons 

BOREHOLE LOG (SOIL) 1 
SITE ID: MON 01 LOCATION ID: 66 
SITE COORDINATES (11.): 

I 

I . , 

I 
! 

~ 
!~- 
! 

VISUAL CLA881FICATION I 

! - 

i 
! 
! 

i 

00 I 
i 

I 
I 
! 

i 
I 

I 
I 
I 

I 
JEG-AL-ENG-2S ( 4 1 8 5 )  1 



WELL COMPLETION RECORD 

SITE I D : ~ \ ~ ~ ~ ~ O ~  LOCATION ID: HOLE* 664 R DATE INSTALLED: 'Q-6-er 
APPROX. SITE COORDINATES:(FT.) N E 
OPEN AREA .PER LINEAL FT. (IN~IFT.) 

I FORMATION OF COMPLETION: Dt WcLL'f F ~ R M A T ~ ~ ~ ~ ,  S4wbSmNE 
FIELD REP,: &.Do"7NE~soh, /SH 8(3 GE~CDRILLER:BOR RE MA^ o@'LC'RYLCo, 

I 



WELL COMPLETION RECORD 

SITE I D : & O " . ~ ~  LOCATION ID: WOLE*~ 66iP DATE INSTALLED: \0-6-er 

APPROX. SITE COORDINATES:(FT.) N E 
OPEN AREA 9 E R  LINEAL FT. ( IN~/FT.) 

I FORMATION OF COMPLETION: Dt  ELL^'  FORMAT^^^^. SAwDSmNE 

FIELD REP.: J C . D o N w ~ s o h ,  /SH g~ GECL~RILLER: &OR SEEMA@ ~ ~ I ~ ~ ( ~ ~ ,  

-1 
T<PL 2 W B E N T  



- .. - 

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

- .  

$IT€ ID: * \)PROX. BITE COORDlNATk8 (FT,): (Y , @ROUND ELEVATION 8 7 .  MOL): COMPLETION DATE: +/?/#< I 
BOREHOLE OUMMARY I CONBTRUCTION TlME LOO 

1 1 I 

COMMENTS: 
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LOCATION ID: 6 rh 

R O C K  T Y P E  L R E M A R K S  

- . 3 1 2  H O L L O W  S l t Y  * u G E a  
c - , 111 co,,,'*YO"S I L l G * ?  A U G t C  

01 - G E A R  111 

J E G - A L - E N G - P A  ( 4 / 8 5 )  



J+c00S WC. 
ADVANCID winus WIBIDU. A L I M U I ~ U I  O I I I A ~ S  

. 
WELL COMPLETION RECORD 

SITE ID: LOCATION ID: # 6 b ~  DATE INSTALLED: y e 5  
APPROX. S ITE COORDINAT ES:(FT.) N E 

OPEN AREA P E R  LINEAL FT. (IN*/FT.) 

FORMATION OF COMPLETION: o,,B+~~/cIA& I/ ~ U N F  . SAAJ b. 

FIELD -REP.: G . m; //cg DRILLEF;: 2. B E & ~ A ~  



Well Detail Report for: MONO1 0662 2/25/98 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) Elev Depth 

LOCATION CODE: 0662 TOP GRAVEL PACK: 4844.81 30.9 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4809.61 65.9 

DAMAGED: No TOP OF SCREEN: 4642.31 33.4 

SURFACE ELEVATION: 4675.75 BOTTOM OF SCREEN: 4812.31 63.4 

BOTTOM ELEVATION: 4807.07 GRAVEL PACK LENGTH: 35.0 
TOTAL DEPTH: 68.7 SCREEN LENGTH: 30.0 

ZONE OF COMPLETION: ALLUVIUM CASING LENGTH: 68.25 

CASING-DIAMETER (in.): 4 

Lithology Details 

TOP BOTTOM uscs - 
Elev e Elev DESCRIPTION LITHOLOGY DESCRIPTION - - 

4877.07 -1.32 4807.07 68.68 POORLY SAND, some silt, It. reddish brown.Note: 
GRADED SANDS undifferentiated to total depth.EOL1AN 

DEPOSITS, continued.TD AT 70 FEET.Note: 
Caving badly to TD. 

Nole: Depths are feet below ground surface and elevalions are feet below Mean Sea Level. 
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- 
I '  

BOREHOLE LOG (ROCK) 

I LOCATION MAP: A 1 SITE ID: --&&L.- LOCATION ID: #663 
I .  SITE COORDINATES (11.1: 

- - -. GROUND ELEVATION (p MSL): , 
DRILLING METHOD: L'+ACA/Z I / /  #.'; - . +, b f l  / M U D )  

> 

DRILLING CONTR.: 0 b 
~3 \ \& ~ + b n e ~ j  M o d  6 .  UY 

\ DATE STARTED: 91 A *xs 
I ;  DATE COMPLETED : 9, /a  8 8.r 
' \  FIELD REP.: 7 . m,'//€~ , . 

I LOCATION DESCRIPTION 
SITE CONDITION I 

R O C K  T Y P E  L R E M A R K S  

,fnlu<~ SA~VS?%U E &' f / ;~ j~)  
r.,pD A*/= ddn k ~ c ,  pebA/~s ,  



I 
DVANCiD IVS1iMS DIVISION. ALBU0UiI)OUI OIIPATIONS 

' 1  BOREHOLE LOG (ROCK) 
I 

LOCATION MAP: A 
Y 

SITE ID:- LOCATION ID: d- 663 
SlTE COORDINATES (11.1: 
N E 
GROUND ELEVATION (11 .  
DRlLLlNG METHOD: 
DRILLING CONTR,: &A % ~ m d  
DATE STARTED: 3ee.f. 6 /48< 
DATE COMPLETED : ';;dofa 16 r q x s  
FIELD REP.: 

I GROUNDWATER LEVELS 
DATE I TIME I DEPTH ( 1 1 . )  

I 

R O C K  T Y P E  L R E M A R K S  

~ d d  ; s h  b r o  w +J 

m;wor S A C J D S ~ O N E  

mfA;rb t o  o r ~ u ~ i s h  , r n d : u ~  t o  f;dc 
; a E b  S A ~ ~ S ~ U U E  

J E O - A L - E N G - 2 ~  ( 4 1 8 5 )  



LOCATION ID: -# 4 6 3  DATE INSTALLED: SITE ID: 
APPROX. S IT  E COORDINATES:(FT .) N E 

OPEN AREA P E R  LINEAL FT. (IN~IFT.) 

I F O R M ~ T  ION OF COMPLETION: > //y &. Mk. 0f c~f%.d Fm. 

FIELD -REP.: G . n7; l/ew/z D R I ~ L E R :  & RGEMAJ 
WELL CASING 
DIAMLTER (In) 

HOLE DIAMETER (In) 

COMMENTS: 

JEG-AL-E NO-3 ( 8 1 8 4 )  



Well Detail Report for: MONO1 0663 2/25/98 . 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) Elev Depth 
I 

LOCATION CODE: 0663 
- 

TOP GRAVEL PACK: 4709.41 153.0 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4647.41 215.0 - 

DAMAGED: No TOP OF SCREEN: 4689.41 173.0 

SURFACE ELEVATION: 4862.38 BOTTOM OF SCREEN: 4649.41 213.0 
I 

BOTTOM ELEVATION: 4644.56 
GRAVEL PACK LENGTH: 62.0 

TOTAL DEPTH: 217.8 

ZONE OF COMPLETION: DECHELLEY 
MEMBER OF THE 

SCREEN LENGTH: 40.0 

CASING LENGTH: 218.26 

CUTLER 
FORMATION 

CASING-DIAMETER (in.): 4 

Lithology Details 

TOP - BOTTOM . uscs - 
Elev - - Elev DESCRIPTION LITHOLOGY DESCRIPTION 

4861.56 0.82 4811.56 50.82 POORLY UNDIFFERENTIATED, DUNE SAND, with minor 
GRADED SANDS alluvium inlower section consisting of minor fine 

gravel derived fromshinarump formation, and 
minor Moenkopi rock fragments. 

i 

4811.56 50.82 4741.56 120.82 SILTY SANDS SHINARUMP MEM:, CHINLE FORMATION: 
SANDSTONE, fine to coarse, occ. pebbles. 1 
whitish tanto reddish tan.Note: Water began 
flowing at 5 gpm at 52 feet duringdrilling, 
continuing until hole deepened to 55 1 
feetSHlNARUMP MEM., Continued.SHINA I 

4741.56 120.82 4694.56 167.82 SILTS 8 FINE MOENKOPI FORhllATION: SILTSTONE. with 
SANDS minor thin interbeds of sandstone,upper few feet 

altered to bleached. grey; changing toreddish 
brown.MOENKOPI FM..Coniinued. 

4694.56 167.82 4644.56 217.82 POORLY DeCHELLY SANDSTONE MEM.. CUTLER 
GRADED SANDS FM.: SANDSTONE, medlum to flne, reddish tan 

to orange.DeCHELLY SANDSTONE MEM , 
ContlnuedTD AT 217 FEET. 

! 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 1 I 



. - ~ ~.. .  . . ~ ~  .~. -. 

S DIVIIION, ALIUPUIPOUI .OI?PATlONl 

BOREHOLE LOG (ROCK) 

DRILLING METHOD: 
DRILLING CONTR.: 
DATE STARTED: 
DATE COMPLETED : 

LOCAT ION DESC 

R O C K  T Y P E  & R E M A R K S  

Om O E A R  111 

J E G - A L - E N G - 2 A  (4185 )  



1 BOREHOLE LOG (ROCK) 
I a. 

LOCATION MAP: a 
L?: 

- 
- 

SlTf ID?-. LOCATION ID: a, 
SITE COORDINATES (ft.): 
N E 
GROUND ELEVATION (11.  MSL): 
DRILLING METHOD: & f ~ r  \I //?/on ) 
DRILLING CONTR.: Bcb BA-rn~.r/ / 
DATE STARTED: 17 /9sr 
DATE COMPLETED. c-4-f. 19; 14yr 
FIELD REP.: . fV;//.cn 

R O C K  T Y P E  4 R E M A R K S  

/ 5 5 / - 2 3 3 i  a€ eh~/+ 55. - 

J E G - A L - E N G - 2 ~  ( 4 1 8 5 )  



WELL COMPLETION RECORD 



Well Detail Report for: MONO1 0664 2/25/98 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) Elev Depth 

LOCATION CODE: 0664 TOP GRAVEL PACK: 4633.76 200.8 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4602.76 231.8 

DAMAGED: No TOP OF SCREEN: 4624.76 209.8 

SURFACE ELEVATION: 4834.53 BOTTOM OF SCREEN: 4604.76 229.8 

BOTTOM ELEVATION: 4599.84 
GRAVEL PACK LENGTH: 31.0 

TOTAL DEPTH: 234.7 
SCREEN LENGTH: 20.0 

ZONE OF COMPLETION: DECHELLEY 
MEMBER OF THE 

CASING LENGTH: 234.59 

CUTLER 
FORMATION 

CASING-DIAMETER (in.): 4 

Lithology Details 

TOP - BOTTOM uscs - 
Elev @ - - Elev DESCRIPTION LITHOLOGY DESCRIPTION 

4832.84 1.69 4747.84 86.69 POORLY SAND, medium to fine, reddish brown.EOLIAN 
GRADED SANDS DEPOSITS. Continued. 

4747.84 86.69 4687.84 146.69 WELL GRADED SHINARUMP MEM., CHINLE FM.: 
SANDS SANDSTONE, medium to coarse, occasional 

congiomeriticseams, well cemented, limonite 
stained, tan to whiteSHINARUMP 
MEM.,Continued. 

4687.84 146.69 4657.84 176.69 WELL GRADED , SANDSTONE, coarse to medlum, with 
SANDS gravellyconglomerit~c lenses, abundant coaly 

material.(channel filldeposit). tan to 
white.SHINARUMP MEM.. Continued. 

4657.84 176.69 4637.84 196.69 SILTS 8 FINE MOENKOPI FORMATION: SILTSTONE. 
SANDS reddlsh brown with blue-grey bleached zoneat top. 

4637.84 196 69 4599.84 234 69 POORLY DeCHELLY SANDSTONE MEM., CUTLER 
GRADED SANDS FM: SANDSTONE, medium to hne. reddtsh to 

orange.DeCHELLY SANDSTONE MEM , 
Continued.TD AT 233 FEET 

Note- Depths are feet below ground surface and elevations are feet below Mean Sea Level. 

P 



! 

ADVANCED SYSTEMS DIVISION, ALBUPUE~UE 01ERATlONS 

SITE COORDINATES (it.): 

VISUAL CLASSIFICATION 

; Q- I S' M A Y  8 E  PhWLY 
AEOLI Ah,. 

*- Y-SLKa-& 

OF rrwwkd Ma*kcg; 
ha b - 0 ~ ~  w d s k - .  

o -20' 8 MtJ 

26 -2s' +Mid 
- 30 ' Z M  b h l  

30-3s' 3 M I M  

35-40 '  3 M ~ N  

4-0- 4 s '  t HIU 

45-SO' ZHlh) 



I BOREHOLE LOG (SOIL) Page k of 3 

-0CATION MAP: 5 &8 P W  bl A SITE ID: ~~. -0' LOCATION ID:*& C C 8  
I d I SITE COORDINATES ((1.1: I 

I GROUND ELEVATION (g MSL): 
DRILLING METHOD: 7 /A RoTQV? , # I  

DRILLING CONTR.: $06 s a w M J  

I DATE STARTED: 
DATE COMPLETED : 1 ' 9 '8b 
FIELD REP.: Ic. D. bO(5W 

I 

1 .  GROUNDWATER LEVELS 
DATE I TIME I DEPTH (ft.) 

I 

LOCATION DESCRIPTION 2 c  M ( m  S W T U  \ ~ 4 @  H4T I SITE CONDITION Rn.UIUC- S 4 w D  ~ u W E S ,  LLGM~IeIuF  CSP)S&h)b , X Q P  VZG-. I 
VISUAL CLASSIFICATION 

0 

0 

0 

S H I Q A Q U Y P  P ( L W h ; ,  

*c, t&bcd&d s u n d b , r h  



BOREHOLE LOG (SOIL) 
SITE ID: - 0 LOCATION ID: CC6 

d I SITE COORDINATES (11.1: 
N E 
GROUND ELEVATION (ft MSL): 
DRILLING METHOD: 7 " P-0-F-I. WV DCLC I 
DRILLING CONTR.: 

LOCATION DESC 

VISUAL CLASSIFICATION 

.O 

I 

b 0  

: I 

P 

I 
JEG-AL-ENG-2S (4186)  ' 



- -- 

JACOBS ENGINEERM GROUP INC. 
ADVANCED SYSTIMS DIVISION, ALBUOUICPUI OPIRATIONS 

BOREHOLE LOG (SOIL) 
4 4 Page - of - 

LOCATION MAP: SEE I b SITE ID: -N 'O i  LOCATION ID:AO= 668 
SlTE COORDINATES (ft.): 
N E 
GROUND ELEVATION (t MSL): 
DRILLING METHOD: 7 '' p 'f Mua% 
DRILLING CONTR.: Roe BEEf-4 
DATE STARTED: 10-7.-85 
DATE COMPLETED: 18-4-85 
FIELD REP.: w . D ~ M N E L S ~ ~ J  / SH LB G F O L ~ G I J ~  

GROUNDWATER LEVELS 1 DATE ! TIME I DEPTH (11.1 - 
I 

I I I 

LOCATION DESCRIPTION 2 b  M l u S  S o o m  0 F M f . n u A  H&T 
SITE CONDITION ~ & & & c # ~ c  s ~ ~ o  puNEs, OUN ot FINE ( S P ~  SAND . S P ~ R ~  VEG. 

VISUAL CLASSIFICATION 

0 

,'O 

0 

8 
0 

A - Auo., ~"tli",,S 
8 - 2' 0.0. 1.38' I.D. drive 
U - 3' O.D. 2.42. I.D. lube 

JEG-AL-ENG-2s ( 4 1 8 5 )  



lcus K. 
WVUClD ITmY: DiVIIIW, W . U I C . U I  OMlATlOMI 

, I  1 0 ,  V -  

WELL COMPLETION RECORD 

SITE ID: M o w ,  01 LOCATION ID: HeL&*668 DATE lNSTALLED: j0-4-86  . - 
APPROX. SITE COORDINATES:(FT.) N E 
OPEN AREA .PER LINEAL FT. (IN~IFT.) 
FORMATION OF COMPLETION: Dc C44EU-Y -aAmW 
FIELD REP.: K . ~ Q N N E L S O ~ ~ / S H  &6 G(OL DRILLER: 800 B W H J  ~ ~ ~ r J G  LO. 

WELL CASING WELL CASING 
DIAMETER (In) 

HOLE DIAMETER (in) 

JEO-AL-ENQ-3 (S184 )  



~T -- . . ~ ~  .. - ., . . - .  .. ~- . .. ~~ - .  . .- -- 
~. . ~ - I 

~ 

Well Detail Report for: MONO1 0668 2/25/98 ~ 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) Elev Depth - 
LOCATION CODE: 0668 TOP GRAVEL PACK: 4696.71 168.3 

- 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4648.71 216.3 

DAMAGED: No TOP OF SCREEN: 4686.71 178.3 

SURFACE ELEVATION: 4864.99 BOTTOM OF SCREEN: 4666.71 198.3 

BOTTOM ELEVATION: 4646.27 

TOTAL DEPTH: 218.7 
GRAVEL PACK LENGTH: 48.0 

SCREEN LENGTH: 20.0 
ZONE OF COMPLETION: DECHELLEY 

MEMBER OF THE CASING LENGTH: 216.09 

CUTLER 
FORMATION 

CASING-DIAMETER (in.): 4 

Lithology Details 

TOP - 
Elev Depth - 

4864.27 0.72 

BOTTOM uscs - 
Elev DESCRIPTION LITHOLOGY DESCRIPTION - 

4808.27 56.72 POORLY SAND, some silt. It. reddish brown.Note: 
GRADED SANDS undifferentiated to total depth.EOL1AN 

DEPOSITS, continued. 

4789.27 75.72 POORLY SHINARUMP MEM.. CHINLE FM.: 
GRADED SANDS SANDSTONE, fine, well cemented, variable. It. 

grey tolt. p~nkish brown. 

4779.27 85.72 HIGH CLAYSTONE, with mudstone interbeds, occ. 
PLASTICITY thinsandstone seam, high plasticity, It, olive grey 
CLAYS grading toblueish grey. 

4759.27 105.72 POORLY SANDSTONE, fine, well cemented, with occ, grey 
GRADED SANDS shaleinterbeds, variable It. olive grey to it. orange 

brown. 

4752.27 112.72 CLAYS SHINARUMP MEM.. CHINLE FM., Continued. 
SHALE, thin bedded, with lenses of 
sandstone,occasional coal fragment. 

Note: Depllis are feel below grouiid surface and elevations are feet below Mean Sea Level. 



Well Detail Report 2/25/98 

TOP - BOTTOM USCS 
Elev - - Elev DESCRIPTION LITHOLOGY DESCRIPTION 

4752.27 112.72 4714.27 150.72 CLAYS MOENKOPI FM.: MUDSTONE AND 
SILTSTONE, interbedded, reddish brown 
tochocolate brown.Note: Increasing sand from 
126 feet.Note: Gas bubbles in mud tub from 136 
feet. 

4714.27 150.72 4684.27 180.72 POORLY DeCHELLY SANDSTONE' MEM., CUTLER FM 
GRADED SANDS SANDSTONE, with interbedded shale, fine, 

medium orangebrown. 

4684.27 180.72 4646.27 218.72 POORLY SANDSTONE,fine, medium orange 
GRADED SANDS brown.DaCHELLY SANDSTONE 

MEM.,Continued.TD AT 218 FEET. 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 
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BQREHQLE LOG (SOIL) 

LOCATION MAP: See ~ o e 0 . 4 9 ~  A SITE ID: 0'  LOCATION ID: .kf0Cc C 69 
SITE COORDINATES (tt.): 

h p  d W o l c  6C8. 2 I b'savrw 
of C C 8  

VISUAL CLA881FICATION 

D 

NOTE-, T,-aco DC e u o &  

30 k e v c b p  i s h k .  

1 . -' 

I JEG-AL-ENG-2S (4185)  



I WELL COMPLETION RECORD 

SITE ID: Mew* a( LOCATION ID: HOLE # 6 6 9  DATE INST ALLED: 1 0 - c - B s  

APPROX. SITE COORDINAT ES:(FT .) N E 
OPEN AREA P E R  LINEAL FT. (IN*/FT.) 

FORMATION OF COMPLETION: ALWvtuM CSP-SW\ , ABOUL SH trvAt2uFtp 

FIELD REP.: K, D b h \ ~ t l s o ~ J  /SH&B GEOL DRILLER: 008 I ~ E W A N '  D(rlL~,rd-& to. I 



Well Detail Report for: MONO1 0669 2/25/98 

GENERAL INFORMATION SCREENING INFORMATION 
SITE: MONUMENT VALLEY (MONOI) Elev Depth 

LOCATION CODE: 0669 TOP GRAVEL PACK: 4836.78 27.4 

DECOMMISSIONED: NO BOTTOM GRAVEL PACK: 4809.78 54.4 

DAMAGED: NO TOP OF SCREEN: 4831.78 32.4 

SURFACE ELEVATION: 4864.14 BOTTOM OF SCREEN: 4811.78 52.4 

BOTTOM ELEVATION: 4807.19 GRAVEL PACK LENGTH: 27.0 
TOTAL DEPTH: 56.9 SCREEN LENGTH: 20.0 

ZONE OF COMPLETION: ALLUVIUM CASING LENGTH: 57.410 

CASING-DIAMETER (in.): 4 

Lithology Details 

TOP BOTTOM uscs - 
Elev - - Elev & DESCRIPTION LITHOLOGY DESCRIPTION 

4863.19 0.95 4843.19 20.95 POORLY SAND. fine, nonplastic, moist, orange, 
GRADED'SANDS 

4843.19 20.95 4807.19 56.95 POORLY ALLUVIUM/EOLIAN: SAND, fine, little reworked 
GRADED SANDS shale frag. nonplastic.orange.TD AT 56 FEET. 

Note: Depths are feel below ground surface and elevations are feet belovr Mean Sea Level. 



This page intentionally blank 



JlACTEC-ERS - , . Borehole Summary 
2597 B 314 Road 

. .- . -  --. - -  --_. _ a*., page L of&,  
Grand Junction, ~olora& 81502 

< & & L , @ ~ ~ _  raciiity ML Site u r n ?  lo//le.r, , A Z  
. Location IN) 2/5920/ ~ E I  

,- Stick-Up Height (Ftl 
Blank Casing 
Screen 

~mp/End Cap 
-and Pack 
Sealant 
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IACTEC-ERS Borehole Summary 
2597 B 3/4 Road , page 1 of 

^rand Junction, Colorado 81502 

Project O M ~ 3 f i  ~ ; r u ~ d l $ t e c  

I r i ngwe l l  NO. 67? ~ocat ion IN) 2 / L  0473 IE) 589326 
C ) y d r e p ~ n c h  87' 

Ground Elev. (Ft.) 4 8*, 5 BitlAugef Size 76/8L?~. 3% go. Hole Depth (Ft) Avpcc 76' 
Diameter (inch I. D.1 No. of Completions 

TYPE Vol. (c f .  gal) Interval (Ft.) Stick-Up Height IFt) 
Siank Casing - to - Slot Size 

Preen  t o -  

- t o  - 
Location Skotsh 

E mplEnd Cap 
Sand Pack - to - 
Sealant ' t o  - 
: ,ut t o  - 
---king Cover 1 n s t a ' T ~ a d l o c k  No. k - 
Irilling Method A vqer 

. 
Sampling Method 0 '  

: :e Drilled - 4 7  Date Developed p k  Fluld LevelIDate .4fif 2 , / 6 - g-37 
~ # - , ? r r , - / I ~ r p  

Sample No.: 
. Interval 

- 

-- 
&q@? 
.q 244 

--&4-p;e~ 

-- 

6 0 - 6 2  - 

-- 

- 

-- 
85-87 

- 

; npler(s1 

Dapth. 
TI 

- 

0 

5 

- -  

7 5  

/ 

1 0-- 

/ 

7 

7 a  

.. -- 

~ N O  r r i s  

WELL G W H I C  
LOG 

d z $ e r & /  

Blows/ 
8' 

-- 

. 

-- 

-- 

-- 

Aoqcr-:O, 

CONSTRUCTION 
PID 
ppm 

- 

-- 

- 

- 

-- 

- 

~ J - : + c  

-- 
h , j ~ r ~ - ~ ~ n ~ h  

- 

Remarks Uull r e  p ~ n i h  w e  \ \  

DESCRIPTION 

Required Information: 
Typical name; Munsell color; percentage sand and gravel; sorting (poor 
to well); grain angularity; induration or plasticity; moisture content (moist 
to saturated). 

> 

5-4 ,cine qr, , l e j l ~ ~ ; ~ h  PA C5YY4+55rnc/3k 6 s a - - 4  

Sf4 / %  ,,,~?d?/c c u a r ~ ) ~  4 ~ d ~ *  Z O S ~  
a@ % 

&*;11er.1[ q r u ; n s  

3 ?;-4-0 

.G -- 
; 

LJ,A. 3 8  

b d ;  t = r  

5 0 . n = 7 , r L o v c  ~ c r ~ ~ ~ r t a ~ ~ ; r l ; ~ l b ~ r / ~ i p a t ~ r i ~ ~ r ) ~ ~ ~ ~  

9 6 .  C U ~ - L , - ~ ~ ~  c a e  u p  $6 L u r r * d  

J < ~ Y  f;. u,. S;/Z!Y s i d  / e d A , . ~ h ~ d / ' c ~  / 5Y4  616) &i! o r a h -  ' 

C l l d L ; / / r c i r n ~ ~ h ; L  m;,,r.-i( g:a;,,s d@F/* fn .  q r .  5**r;, i o ' ) r  silt. 
Msar*rd s f i b ; o * n ~ d  
rn.d"k9 

c./bcki E M I ~ / C  

F;o;shed XoIc I /++S,,,, 

p w )  

-- 

' 
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nACTEC-ERS BoreholeSurnrnary 
2597 I3 3/4 Road Page of / 
Srand Junction, Colorado 81502 

Facility site haplbf V!/& . !AS. Project VN7m ~ ~ ~ d & &  

)ring/Well No. G 7A Location (Nl 2/6 0328 (El 5901.23 ,. ' I  Auqrr - 6 0 ' 
Ground Eiev. (Ft.1 4XW.4 Bitlauser Size 7 h 0.0. 1 3a/4 1.0. Hole Depth IFt) p q d r ~ , , ~ , h  C Z '  

Diameter (Inch I. D.) 1 No. of Completions ' 

TYPE Vol. lcf, gall Interval (Ft.1 Stick-Up Height (Ft) 
Blank Casing t o -  Slot Size 
=?reen - to - 
: ~mplEnd Cap t o - .  
Sand Pack - t o -  
Sealant - to - 
I out t o  - 
Lucking Cover l n s t a ~ ~ a d i o c k  No. k 
Drilling Method A uq e r  Sampling Method /e,r 
[ te  Drilled G -4- -37 Date Developed fJ P. Fluid LeveIlDate 36f2, / G-$ -9 7 
: mpler(s1 

! Depth' 
TI 

0 

S 

P 
< c 

/ -- 
1 .  

I 7 -- 

-- 

-- 

-- 

-- 

' "  depths 

2 npleted By . Verified By 
n 

Blows/ 
6' 

-- 

-- 

-- 

rnssrurcd 

S A + , ~ ~  

PI0 
ppm 

- 

-- 

- 

-- 

- 

-- 

- 

-- 

- 

tram 

/ f & r ~  
Sampta No.; 

lntaNal 

- 

-- 

30-32. - 

-- 

60-62- - 

-- 

- 

-- 

- 

grou 

- .  
b r  P I  5 

I 
WELL 

CONSTRUCTION 

I . Remarks ~ q d f o  D L J ~ G ~  we/ /  

, 

- 

GRAPHIC 
LOG 

DESCRIPTION 

Required Information: 
Typical name; Munsell color; percentage sand and gravel; sorting (poor 
to well); grain angularity; induration or plasticity; moisture content (moist 
to saturated). - 

~ a ~ d ,  v e r y  $; y r , ,  ( / c I ~ o ~ ~ . F ~  
,70 s;)4 AeSer &dl s d b r s e n d e z f j  m o i s t ,  4 6 m ~ / /  

n,2"u, * /7', f ,,,e.4,i, "cni(,A & t A)Q<X w h ; t c  5 '  
? e d m ; n u s  / r ; r . t ; n s .  ( 6 ~ 5 r Z s r s r  5 h l d )  5E l \  
I>' ~ l a c  t i ~ ;  9 

3 C f t  -y 
N,L. /9,D'7f'k - 5  o h ~ d c  , ~ c i  Zvr r i  C e-d 

Ni;le : D f ~ ~ l e r s  inside -dyer p i p e  s h ~ u r d  2 jtf,, ~~~l~~~ 

I .  
55 ~ ~ n d . v c ~ , C ; ~ c f r ,  b r ~ w n  ( U Z s j f  .i/+> 36>0 $14, ~ ' > o r i  

-&!d?c* kd, ~ O ~ ~ U ~ ~ - & ~ , ~ ~ Z L ~ - O & ~  A ~ C ~ C . . ~ , , I ~ & ; & , ~ , + ~ ~ -  

-cl b lcc* r-ina,-.;19~i.,s. ( L ~ w . ; I ~ , ~ ~  >.., 1) N +  P k ~ i ; c ; Z y  S Y 
1 :  Fbi:n) s ~ ~ d ,  : ~ d r /  t r c j  h i e  L , /  ,-,,kr bi t-srznuuc j 

0 b i f j ~ m  0 t b,  f i !Aere */@s c I ~  s i l k ,  / i q  h t s r 4  
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IACTEC-ERS 
2597 B 3/4 Road 
Srand Junction, Colorado 81502 

Borehole Summary 
Page of  / 

~acil i ty  6dZnc+4 O&c, s i t e  ~~,,--j ( / 4 / ) r q  . A g Project UM/ITA/ )  f ; r A , , ~ & f  
J /  . e, - 

>ring/"ell NO. 7.9 ~ocat ion (N) 2/,408/6 (EI sgg73o 
:round Eev. (Ft.) 4847,s BitiAuger Size 7 S / X  ':/39+ TO, 

Auqer 7, D, 4-7 I ,  
Hole Depth IFtl Bvrlropu, ,ch 4 7- 

Diameter (inch I. D.1 No. of Completions 
TYPE Vol. (cf, gal) Interval (Ft.1 Stick-Up Height (Ft) 

3lank Casing Slot Size 
=-reen 

8mpIEnd Cap 
,and Pack 
sealant t o  - 

3ut t o -  
."eking Cover 
Iriliing Method A u q e f  Sampiing Method noj)e r 

te Drilled 64- 3% Date Developed A Fluid LevelIDate 4 4  -f* / L -5-97 
npferls) .s-~v, ikpta ~ N O , ,  Remarks q q d r o p v n r h  b a r i n s  ' 

Deptha 
TI 

0 

5' 

Blows1 
8' 

-- 

PI0 
ppm 

- 

- 

* +5-- 
4-F 

-- 

-- 

-- 

, a npieted By A&/& Verified By 

- 

-- 

- 

-- 

- 

-- 

- 

from 

-- 

-- 

-- 

-- 

Sample No.; 
Interval 

- 

-- 

""depths measured 

6 - 4 - ~ /  - 

- 

- 

-- 

- 

-- 

- 

pround 

4 7 ' ~ ~ ~ ~ ~ ~  r c f u s e 1  L .  + i ! . E ~ f t ,  

e,trt,i ,,~+ch 3 7 '  

W . 1  t q L e l  

WELL 
CONSTRUCTION 

GRAPHIC 
LOG 

J 

DESCRIPTION 

Required Information: 
Typical name; Munsell color; percentage sand and gravel; sorting (poor 
to well); grain angularity; induration or plasticity; moisture content (moist 
to saturated). 

~ o n d  ver j  T ; n r .  2 0  tn,  p ~ ,  yeilow;rh t e d ( s y g j y 6 )  ,06y0s.,,c~ 
we4 p d y  50:tedt sobraun-&d,  rnfi,'sT. h $& ye,,,,, ..A,,, &lpL 

m , n e , r , / 9 r c , n s ,  C u d r i  a d i e  sc.,A 5,q 
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IACTEC-ERS 
2597 B 3/4 Road , 

^rand Junction, Colorado 81502 

Borehole Summary 
P a g e L  of 2/ - 

~ b ~ l d ~ t ~ c f  k r g  55- 5-7 */ d*, lrr - r u - .  

p v j h e d  cY-n b r  r u d I J l l i 7 A , t p g n r h  l o  5 8 - g c  

bn.r/, j'.r ~ , I U J T ~  W L ~ C ~ C P ~ C  ~ . , . . ~ / e - .  

Facility (;nd hwo* O @ C e s i t e  ~ , u  n a. i Va )J@V ;. A t Project yM76+1 G r c  o ndk / .~e l  

~ring/Weil NO. 6 PO ~ocat ion (NI 2/6 /729 (EI S9 J.380 
,4#qcC T'Oa 6'5 

Ground Elev. (Ft.) 4803.4 BitIAuger Size 7 5/8 4~.13;?16 1. .C! Hole Depth (Ft) f l d r o p d n c h  ~ . b ,  3/ 
Diameter (inch I. D.1 No, of Completions 
Vol. Icf. gal) Interval (Ft.1 Stick-Up Height (Ft) 

3iank Casing t o - .  Slot Size 
?-reen - to - 
i rnplEnd Cap t o -  
;and Pack &OF--'- =to- 
jeaiant - to - 
: >Ut t o -  
-"eking Cover 
lrilling Method LJ er 

Fluid LevelIDate 
Sampling Method $viler 

: te Drilled G-S-87 Date Developed M A  1/,35. 1 6 / 5 / 3 7  
I npler(s1 ? ~ - n < u r  / ~ f a r p  I M ~ ~ P ~ - J  Remarks ~ ~ d r ~ ~ . / w i ,  b ~ r i n q  4'5m;lcj c,l/er Zrd 

I ' 

. Verified By &/- 

Depth' 
T) 

0 

- 
-6 

Blows1 
6' 

-- 

PID 
ppm 

- 

Sample No.; 
interval 

- 

WELL 
CONSTRUCTION 

GRAPHIC 
LOG 

DESCRIPTION 

Required Information: 
Typical name; Munsell color; percentage sand and gravel; sorting (poor 
to well); grain angularity; induration or plasticity; moisture content (moist 
to saturated). 

J.'? . . tn.?'-  
s-"J, C : Q e g r , ,  y c f ) o = ' ~ . f h  rc < 5 5-)6) ,939c sc-d-  we&( 
6 5 5 L 3 b ~ ~ f r d d ,  ~ 0 r ~ e ~ , r n o ; s &  SM XH &,, yc[!.yj, T C A ~  b ) ~ - d  m ; r \ = r ;  L r l r r i f i s C )  



i l l  depths measured from ground level. 

I 

Completed By Verified By I i 



AACIQ-ERs 
2597 B 3/4 Road 
Srand Junction, Colorado 81502 

Borehole Summary 
Pase 1 of 

Facility Grand W c 6 1 t e  M ~ , V -  & I / ~ / ~ o Y  I A Z, project / / !MA ~ ~ ~ ~ d d ~  
~ring/Well NO. 681 Location IN) 2ld.2975 IE) 5888/2 

Ground Elev. (Ft.) f82$,& BitlAuger size 7% >P)  ag)!!"1p, Hole Depth (Ft) 4, Aulrer  d,, ,, 7.0. ,,-r, 52 TO. s z  
Diameter (inch I. D.) ' 

No. of Completions' 
TYPE Voi. (cf. gal) Interval IFt.1 . Stick.UpHeight (Ft) 

Blank Casing to - Slot Size. 
+reen t o -  Ti 
: 1mp1End Cap t o  - 
band Pack - to - 
Sealant t o -  
( out - - to - 
Lucking Cover Installed Y I N  dlock No. 
3rilling Method A @.qrr Sampling Method &/Ar 
: te  Drilled 6 -G -97 Date Developed Fk Fluid LevellDate 
I nplerls) 

Depth' 
T) 

0 

5 

I' A 

7 -- 

. - + -- 

-0 -- 

-- 

n 

Blows/ 
6' 

-- . 

-- 

-- 

-- 

-- 

j;t*cr,- 

PI0 
ppm 

- 

- 

-- 

- 

-- 

- 

-- 

- 

i 
I I 

Sample No.; 
Interval 

- 

-- -- 

- 

-- 

- 

-- 
4.3-+F 

- 

5b -52 . - -  

- 

/ /Yrr  r i  5 Remarks $$ 
/ 

WELL 
CONSTRUCTION 

10% a ~ * r ~ . . + c ~ ~  s , I  L .  z, 
.qzf-(. 4n a d &  b;f w,, .iG7, 

3o*t 
u/ f . o J  ~.h,'Le hod" )es ( > 

GRAPHIC 
LOG 

/ 
OESCRlPTlON 

Required Information: 
Typical name; Munsell color; percentage sand and gravel; sorting (poor 
to well); grain angularity; induration or plasticity; moisture content (moist 
to saturated). 

, 
3390  s ' . d  /3.  5 .  

A f w e / F ' ~ / ' c / / m i n e r ~ / 5 r c - , ~ n r .  S M  

ZC ' 
5-r oz r ; 6 r v c  -/G feq Yf' '% 

+'I 77'2 P C  *'?T 

25' .Leg,  +)>A, /Ye pr  b d l e s  a + ~  i t  5 m c .  

38' J I i j h i  < ~ / o r  rh&+,e ye/~ahi;<h r e d  ( 'jyq 5 / G )  
P > O F C  , r , O l  5 t 

W I L .  42 '  

+F' 
cdjL,07 E r ~ h r r ,  a ( I d 2 J s m o r e  m o : s i u , e -  b " ~ ?  o o $ ~ e e  

+& . o , A , , / , ~ ~  J / O U  + h e ~ . L % ~  a c c ~ ~ p j e  dffeek. 
-60' I ,  r p f u < ~  I 

C > 
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KACTEC-ERS Borehole Summary 
2597 B 3/4 Road Page _L of I 
Srand Junction, Colorado 81502 

Facility Grd~;ndia W c e  site M m u r n ?  Vd /le. A&. ' Project OMTR A ~ c d u ~ d d ~  

, r i ng /~e l l  NO. 682 rocation i ~ i  2/63769 ( IE~  589 844 
B q e t  90 

Ground Elev. (Ft.) Hole Depth (Ft) j ~ ~ ~ m w d  9 2  
No. of Completions 

TYPE Vol. [cf, gall Interval fFt.1 Stick-Up Height [Ft) 
Blank Casing - to - Slot Size 

C?reen - to - Location Sketch 

lmp/End Cap - to - 
sand Pack t o -  
Sealant - to - 
! out t o -  
-"eking Cover 
3riiling Method A 04  e r  Sampling Method FZo i / c r  
: te  Drilled C-6 - Date Developed ,Mk Fluid LevelIDate 3~,2.(f? / 6-6-9 '7 
I rnpler(s) 

Depth' 
TI 

0 

5 

/ I 

# 

i ? 

a c  - 

-- 

^ "  dcplhs 

:! npleted By &&@&ew//' , Verified By 

~ ~ e n c e r / ~ r p  

Ssrnplo No.; 
Interval 

- 

-- 

38-6s - 

-- 

- 

G5-b;l -- 

- 

90 -32 -- 

- 

(1~0"  I 

Blows/ 
6' 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

measured 

PID 
ppm 

- 

-- 

- 

-- 

- 
' 

-- 

- 

-- 

- 

from 

/ / ~ d r r - i s  

WELL GRAPHIC 
LOG 

- 

Remarks dqd/jpyncA b e r i  nq  
V 

DESCRIPTION 

Required Information: 
Typical name; Munseii color; percentage sand and gravel; sorting (poor 
to well); grain angularity; induration or plasticity; moisture content (moist 
to saturated). 

sd, ocr7 fn, bu ~ n .  7 C ,  A d d / ~ h  (51~4 
~ 9 ) ~  s++A 19' 6 ;  c ) t ,  5 d  brodn&d,  && S O ~ C Q ~ ~  m.is* 

hGw m ~ 9 e / ~ ~ 2 b l a e  Jl m i n e r e  l 7 m ; n s .  

W ' L .  zo .z r  

.&,lr o ' ~  r & o u e  i l e , l b s t  sA ~ e d & t ' ~  b)+ 
a r e d f i n  ( l r r ~  L h w  / ? o f  ~ h c r t Q P / l ; & ~ >  C ~ ; ~ S  Y 
(CJII~L b d  2 6&.9J@5 

b5-*--70 5 kr  .-. ,, A~~~ kj ,590 p f  >, / *A  dkc/ SF / Z O ~ J - / ~ ~  sub- 
r o v 4  L O  ~ u b ~ r r , ~ / e ~ - .  ( 5 m n  I-?) 

7. ,;d/ 5 h r ,  Cs Fr- ,,ear t u p  o fu** r u / v * -  I>", 
no,/& 6hp& f ~ c n  bo+t- e F rra J w r n - .  

L U / ~  r fed / s 0 -p/e 

CONSTRUCTION 
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I depths measured from wound lev 

d ~pleted By k d ~ @  , Verified By ,I 

IACTEC-ERS Borehole Summary 
2597 B 3/4 Road . . .. . . . . . . - . . . .. ~. .. . . . . P a g e L  of 

-rand Junction, Colorado 81502 

Facility Project U M f ' d .  ~ ; m n d ~ g , j i r  

t r ingmeit NO. 68.3 Location IN1 2//. 9 756 [El 5 9  oB$<s 
Auger 

;round Elev. (Ft.1 4(Z/b, I BitIAuger Size ~/8"0,0,/3?!4 z,a Hole Depth (Ftl H j d r d p u n c ) ,  ,47 
Diameter (inch I. D.) ' No. of Completions 
Voi, Icf. gal1 Interval IFt.1 Stick:Up Height (Ftl 

3lank Casing Slot Size 
?--een 
i nplEnd Cap . t o  - 
;and Pack 
;eelant - - to - 

1ut t o -  
.uoking Cover 
)riiiing Method A J 9  er Sampling Method s4; )er 

e Drilled G-~-,@? Date Developed I d  A Fluid LevellDate 7R' 1 6 b 37 . ,  - - 
5 .  npierlsl q , s , ~ ~ ~ r  I f ~ r o  j ~ o r r i  7 Remarks iJudrcnunck b c r i  A4 

napth' 
I) 

0 

5 

5 .t 

I / 

Sample No.; 
Interval 

- 

-- 

-33-3 F - 

-- 

Blows/ 
6' 

-- 

-- 

-- 

-- 
reddish k r b + u n '  ( ' . q f A  514) 
"5 ' 
~ m r ~ j ' ~  b6gc ~1 rrJ,ye// .  m; l j a r r  1 q t ~ i n g  re.dJ,~ 7 e / l o u  
( 5 m 616). 

WELL 
CONSTRUCTION 

/ 
i .3'-- 

-- 

PID 
ppm 

- 

-- 

-- 

-- 

-- 

-- 

GRAPHIC 
LOG 

-- 

I I 

DESCRIPTION 

Required Information: 
Typical name; Munsell color; percentage sand and gravel; sorting (poor 
to well); grain angularity; induration or plasticity; moisture content (moist 
to saturated). 

J :,cry ?n2r. t c  qn. $r .  ~cw!!-~jl y e / j a d  ( s Y R  616) 9990 9-,d 
//$,+a&&! s c r + r d ,  suirroonded, m o i s t l  (@rarzlar.sc r0.d) ,9. 6. 

5~ A S C ~  i i * y  b j d c l i  * r ;npi* (qr* in  s, 

~ : L . z e  

13c;;lcJo,?c s - , , * ? / e  
Sdnce r>  rlbire s n  fur -  - 
50,~ or <dour A n  {* e,ye/hd.//h;Ze r h w t ~ A ; p S ,  V C ~ ,  6 ,..@/I. , 

-- 

uydrepoflcil f r ;  B 7 f 4 ,  - 

-- 

- 

65-f7 - 

-- 

- 
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IACTEC-ERS Borehole Summary 
2597 B 3/4 Road Page _L of __L 
Srand Junction, Colorado 81502 

project J M W A  ~LJIdakr 
wingwell  NO. 684- ~ocat ion IN) dlh 1229 [El Sg8/ /6  

Auger 42 
Ground ,lev. (Ft.) q 8 9 , S  BitIAuger Size 7962% /3%'?.0 Hole Depth IFt) Hvdr~pltnth 42 

Diameter [inch I. D.) No. of Completions 
Interval (Ft.) Stick-Up Height IFt) 

Blank Casing Slot Size 
C-reen t o -  

rnplEnd Cap 
Sand Pack 
Sealant t o  - 
: 3Ut - to - 
-"eking Cover 
3rilling Method A mrr  Sampling Method ' hi4 
I te Drilled 6-7-9'7 Date Developed Fluid LevelIDate flk 
I npler(s) 

Depth' 
TI 

0 

5- 

/ 
I, 

: 7 
4/.5"-- 

'Z TD. 

-- 

-- 

-- 

Verified By 

GRAPHIC 
LOG 

Remarks Hudrononch R 8 n : o r i  

DESCRIPTION 

Required Information: 
Typical name; Munseil color; percentage sand and gravel; sorting (poor 
to well); grain angularity; induration or plasticity; moisture content (moist 
to saturated). 

-Sand, v e r y  /n, q r .  L; Cn 7 i d d i s h  E , ) O ~   YIP '216) 
99 30 S C - ? ~  / 9. /&,A r r i b , e d ,  i u h  i r ~ . . J e d ,  

mP;5i ;  b) fed Sin7  b i a r H  > x , n e r e [ ~ ,  (QJdtt~ ' ' f=  5-A) 
5 H 

25' s--@ *:, a bane ,+55 g I,~., / %  s u b r ~ ~ , i A - d p r  bJd*5 L ~ P  s o  

2 c,, /mp 
3%' ,dope bbk5 5-e O >  c ha*'& 
+/,/,' .5 l1si .er f  brdroc-K - no uaz!er 

', 

Blow$/ 
8' 

-- 

-- 

-- 

-- 

-- 

-- 

~c 

PID 
ppm 

- 

-- 

- 

-- 

- 

-- 

- 

-- 

- 

~ a ~ o l c  

Sarnpla No.: 
lntsrrrsl 

- 

-- 

- 

-- 

- 

-- 

- 

-- 

- 

WELL 
CONSTRUCTION 

- 
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IACTEC-ERS 
2597 B 3/4 Road 
-,rand Junction, Colorado 81502 

Borehole Summary 
page 1 of I~ 

: npieted By 
n 

,Tvncticm WG c e  site NUV~/M 8 Jb /It?v r A 2 Project PMTAA r i i ~ ~ ~ d b &  

,ring/Well NO. 6 6 5  ~ocat ion IN) 2/6/53/ IEI 588421 
A",=; 4 5  

Ground Eiev. (Ft.) Hole Depth (Ft) ,Llqdro~wwh l,7 
No. of Completions 

Vol. lcf, gall Interval (Ft.) Stick-Up Height (Ft) 
3lank Casing - to -l.-- Slot Size 
:preen - to - 

mplEnd Cap - to - 
>and Pack t o -  
Sealant t o  - 
: 3Ut t o  - 
.,eking Cover Installed Y I N 
lrilling Method 

Fluid LeveilDate 44 ' / 
Sampling Method fk )er 

te Drilled 6-7- Date Developed 6-7-97 

GRAPHIC 
LOG 

f nplerls) Sawrer  Remarks Hrdr@ p y n r  h 

DESCRIPTION 

Required Information: 
Typical name; Munsell color; percentage sand and gravel; sorting (poor 
to well); grain angularity; induration or plasticity; moisture content (moist 
to saturated). , 

. . 

&*d, vr;7 to. 7,: & o  f o  yr . ,  re&< h Y ~ J ) O J  C6t.e 6/61 
3.990 c * , ~  140 +@+ ~ s r t e A ,  sd b r o d n A d ,  n , o i s  

~ ~ , h f I y  r v b c y u 1 . r  
t 

40 5 
1 5 '  51 ,,,, ,$ . r5cvc . ,  ~ u h : ~ , , , , & d  pebb)c.fr u p ? ~  zl/r cm. /90 

I far17 

Sample No.; 
Interval 

- 

-- -- 

$5-4-7 - 

- 

- 

-- 

- 

-- 

- 

Depth' 
TI 

0 

.T 

/ ' I  

-1 r-- 

/Murr i +  

WELL 
CONSTRUCTION 

Blows/ 
6' 

-- 

-- 

-- 

PI0 
ppm 

- 

- 

-- 

- 

-- 

-- 

-- 

-- 

-- 

- 

-- 

- 



This page intentionally blank 



IACTEC-ERS Borehole Summary 
2597 B 314 Road , paoe 1- 01 

"rand Junction, Colorado 81 502 

~aci i i ty  Grand & n ~ f ; m  Of%?& site M e n o m ?  l f c i  1 ley , Yf r. Project llMYfl/l ~ r o u n d & k ,  
t r i n g i ~ e ~ l  NO. 686 ~ocat ion (NI 2/587/0 [EJ 

:round Elev. w,) 4831.5 Bitlliuger Sire 7 ~ / a ' b ~ . f i  3.0 Hole Depth IFtJ Hvdropumli 765- 
Diameter [inch I. D.1 NO. of Completions 

TYPE Interval 1Ft.l Stick:Up Height [Ft) 
3lank Casing Slot Size 
?--een 
J np/End Cap 

- to - ;and Pack 
;ealant t o -  
3 IUt t o -  
.ucking Cover Installed Y I N  
 rilli in^ Method ~ a ~ r  Sampling Method 6 ; let 
1 e Drilled 6 -,G-s-~ Date Developed Fluid LevelJDate 6,y -ft , -  / 6 - 8 - 3 7 
;. nplerlsl S ~ t e r  / h r c  /Mortt> . R e m a r k s _ t l v d r o ~ v  ,,<I, b o r ; n b  

Depth' 
I1 

- 

0 

5 - 

IL7 

-- 
/ 

i -- 

F-- 

L 1 -- 

.; - 

Blowsl 
6' 

-- 

-- 

PID 
ppm 

- 

- 

- 

-- 

- 
I 

,. - 
1 

f 
- 

Verified By 

-- 

- 
",.'l, 

7 4 1 ) 9 ~ &  

Sampla No.; 
Interval 

- 

-- (6-12 -- 

- 

-- 

-35-37 - 

- 

- 

-- 

- 
745-7615, 

7 5 &‘4 

45 

WELL 

S m e a r  ~ 6 u r c  l i p h e  k u w f i i s ) , l l i 6 y  (2 .5Y 6 / 2  L e s s  z1h+ 
5')' c l a y , @ ~ f ~ # f , , J 1 *  f t 5 ~ f ; c ; 2 7 .  ~ * ~ - d , ~ e / c d t b J ~ i ~ , n ; n e r r l  

f,i'b,,s Qrie: 12r;Oer s ; j a c r t i  ~ c - ~ o , ( ~ k . , J + ~ ~ ~  

1 ' 
.?*vq<;l-d20 6 0  f r 
k d t y p n ~ ~ ~ , ~  2 -  7L15 

GRAPHIC 
LOG 

r 

16' 

CONSTRUCTION 

4 

DESCRIPTION 

Required Information: 
Typical name; Munsell color; percentage sand and gravel; sorting (poor 
to well); grain angularity; induration or plasticity; moisture content (moist 
to saturated). 

smd, v ~ P ~ A . ~ ~  ~ . f 0 . 7 i  y c ~ b d h ~  .dl& G I ~  
led,  s o b : o ~ n d e d , m o ; s ?  ~ s , d  - 5 ,  /t, 

goCfi 1 0 9 0  

s~'/, 6 h  I .e, I ~ , G c , ,  rrd2><b V P / / # W  / 7 , 5 ~ 4  6/4 
A geu L?#<h'{~d b,,>>.-,< 1 9/~,'05 drC., t;,>y 3 , c * l $ ) T ' w ~ ; t ~  

~ h e r t r h ; ~ s  /r<f fA-., /70.  ~ ~ f u : - d  L C - h  s s ! ~ ~  s-d /%s;/+ 
c q.*c*aos&) 

20' S',,,r c s  el. ..cf tcdd .i h ye  //su ( 75 )/R .7)6) 

P I $ ~ ;  Wr;//c=r ~ u r p c r S  s c/dY zmc@ ? / ' d u e  &rlif&ene 
;,I d r ; / j i n 7 , f i p s ~ Y I  ; ,I  r .v  P: m i d  ?rce+i'rXriA;tsu.lier +- 
3 5 - 3 7  sr,,,p)* ; n + e i u n  I. 

s L , ~ ,  rcr4fn. 5;. 2 0  f n  qr .  / i 4 J ! t v & l i d ~ ; ~  h L  PO^,.. 1 ~ . ~ l j d ~ / + )  
we / $97~ / b  'r;>&/Lj cor2.1f' , ' a d b r a u n & ~  $ a  , - u r , , , . l h  ' 

<sib.-<&A. 5 Y u  r e d , b L c k b , d r p ~ / o u /  .+tifie.-< I )  7i.;~s. S K  

- 
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IACTEC-ERS Borehole Summary 
2597 B 3/4 Road Page _L of I 
?rand Junction, Colorado 81502 

~aci l i ty  G ~ n d  SuncSfm, site M o n u m ?  \/a t ier :  A z Project LIMIA A G P ~ C I J & ~  
,ring/Well NO. 687 ~ocat ion (NI 2158720 (E] 5 9  0380 

Auqrr 20 
Ground Eiev. (Ft.1 4g4O-6 BitlAuger Size Hole Depth (Ftl Hqdwpv , ,h  30 

No. of Completions 
TYPE Vol. (cf. gall Interval IFt.1 Stick-UpHeight (Ft) 

3lank Casing t o -  Slot Size 
'-reen 

mplEnd Cap 
;and Pack t o -  
halant t o -  

>Ut - to - 
.ucking Cover installed Y / N 
Irilling Method er Sampling Method ' 

te Drilled 6 Fluid LevelIDate 2 A , 4 f  k / 6 8 97 - - %  

Oopth'  
-ri 

0 

5- 

f C  

5 

c 

- 
5 

: 

-- 

-- 

-- 

depths 

Verified By fq : 7pieted By 

Blows1 
6' 

-- - 

-- 

-- 

-&?ereJ 

-- 

~ y ~ r u p ~ , ~ ~ h  

maarurrd 

/morris 
I 
Sampla No.: 

Interval 

- 

-- 

- 

-- 

- 

26-30 -- 

- 

-- 

- 

p ound is I 

cw 
PI0 
ppm 

- 

-- 

- 

-- 

- 

- 

-- 

- 

from 

WELL 
CONSTRUCTION 

G W H I C  
LOG 

Remarks / 

DESCRIPTION 

Required Information: 
Typical name; Munseli color; percentage sand and gravel; sorting (poor 
to well); grain angularity; Induration or plasticity; moisture content (moist 
to saturated). 

0-2 S&4,ur, , ( , , . ,r . ,  f i , ~ K ( . 5 , ~ 4  g/3) G D Y c ; s d , 4 0 Y w  

s; 1 6, p o c i 1 7  s o r  kd s u L ~ ~ l m & , d r ~ ,  

2-5 ~ o ? - > r ( , v e r - ,  C n , 9 i .  & o f n . q r . ,  r e d k ; ~ ) ,   yell^^ 
3g90 5 c j 2 d ,  b-9s 5;/?, &surtrd,rd, 

r o ~ l ~ y h d ,  mois  k 5 M 
I G - - / ~  5 2 ~ ~  u s  o b a ~ e . ,  u r f 7  p.r/e b r ~ d n  ( / t , y e  g/e) 

A TW .r &, y gilutr, ,a,,/ biocx 6 , r rcr  rts,  

, ~ . , g  .Smd,,,eiY fo. 2 o fn q r  reddi-ch y e t l e e  ~ 6 f 4 ~ / ~ )  

99% *+,d 19s G I / $ ,  s o r t e d ,  u b ~ u v n d d  
~ u c t , .  S& 4qw b ) o r X , r c d { p A I t e m I - t ~ e . * r ( ~ ; ~ . c  

w,~, 20+4' 
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IACTEC-ERS Borehole Summary 
2597 B 3/4 Road page _L of L. 
" rand Junction, Colorado 81502 

Project UM TRA GroundWe kr 

: l r i n g / ~ e i ~  NO. 688 
Hole Depth IFt) 

Interval IFt.) 
3lank Casing t o -  
' ;-een - to - 

mplEnd Cap 
;and Pack 
:-alanf 
: ,ut 

lriliing Method 
:e Drilled @ - 3  7 Date Developed Fluid LevelIDate 

i. .npler(s) 

napth' 
F1 

0 

1- - 

10 

.. 
r 3 

17 -- 

-- 

-- 

-- 

-- 

-- 

c ipleted By Verified By 
" 

Blows/ 
6' 

-- 

-- 

-- 

-- 

2 - c . d ~  

PID 
ppm 

- 

- 

-- 

- 

-- 

- 

-- 

- 

/ 
/ 

Samplo No.; 
' lntorval 

- 

-- -- 

- 

-- 

- 

-- 

- 

-- 

- 

Remarks H . t d r o ~ < n c h  h o r i k s  
f 

DESCRIPTION 

Required Information: 
Typical name; Munsell color; percentage sand and gravel; sorting (poor 
to well); grain angularity; induration or plasticity; moisture content (moist 
to saturated). 

s 6 d ,  J'* y r .  i/. C ) n e g r - i * c d  - / l o w ; ~ h  rrd ( , s f 4  6/61 
3gy" +,‘A, 5')$ *;it, A & b bkj op t o  ' /z*rn 

~ i j  L ~ ~ ~ ~ P L A  m i n e . * , )  g r e ,  &  or-d 
5 3 b r O J I ? d c 4 , * l o i  s &, 

r l a y e *  s r+d ,  C,),4r, .  liqhd .qp+i ( / D Y ~  7/7.) 
8 ' 0 + ~ ~ , / 5 i ' -  c.iai I T J N / ~  d; $&!I sd*codn&i, AG+&ote4 
pld5 t i c i L j ,  m o 1  5 t, 
i d , ~ .  10.4. 46. 
Augers - / / I F  ' H \ ) r f i o 7 ~ n r h  i o  17 t 

, 

H a r r i  5 

WELL 
CONSTRUCTION 

GRAPHIC 
LOG 
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IACTEC-ERS Borehole Summary 
2597 B 3/4 Road Page of 
-!rand Junction, Colorado 81502 

~ac i l i ty  G v ~  GIIO$W W & s i t e  M ,,,-& Ve 
; f't * Project VM TR A G,~J&& 

. . 

~ring/Well No. 6 90 Location (N) 2/58.?27 
Ground Elev. (Ft.) Hole Depth (Ft) f l . ,d ,~pdnch 26 

NO. of Completions 
TYPE Voi. (cf. gal) Interval IFt.1 Stick-Up-Height (Ft) 

Ylank Casing Slot Size. 
- reen 
: mplEnd Cap 
Sand Pack 
?-aiant t o -  

3Ut - t o  - 
-0cking Cover 
lrilling Method t 

: !~e Driiied 6-- Fluid LeveilDate / 5 f t  / G -  3-37 
P 5m,,,, 1 Mgrr i $ Remarks Dunch bor :na  

" r p t h '  
rr 

0 

5 -- 

Blows/ 

6 :  
PI0 
ppm 

- 

15-- 

, 
0 

-- 

-- 

-- 

Verified By 

- 

-- 

- 

-- 

- 

-- 

- 

A u q p r  -- 

-- 

-- 

Sample No.: 
Interval 

- 

!A-20 -- -- 

- 

27-26 -- 

- 

-- 

- 

-- 

- 

W ,  L ,  39,' wee I S  

20: ~ - r c t $ a b o v ~ ,  soiora kh a J e d  i i n y  bl.+rK/,rdmrd 
y d ) e ~  m i , j ~ r n  ~ 9 m i o s .  A Cew Y ~ ~ J f , ' n y  q r r w ; s ~ w , , ; i e  
r h ; p s .  

~ 8 '  6ed.drdc.f; r rdger  ~ c 6 ~ 5 a  !. 

WELL 
CONSTRUCTION 

GRAPHIC 
LOG 

DESCtUPTION 

Required Information: 
Typical name; Munseli color; percentage sand and gravel; sorting (poor 
to well); grain angularity; induration or plasticity; moisture content (moist 
to saturated). 

Sand, gery f t n e  q r n i i r A  i o Fn; ~ r . ,  rcdn//jh y e / / c ~ ( ~ f .  k&' 
33p6 )rmd /Yd s ) / & , & s o ' - i t r ~ , < r b r c ~ , \ ~ ,  / n c ; ~ - & '  

I ,s- 5-eos a bnv= y e 1 1 o w ; r ~ d r e e ' ( 5 r ~  c/$ 
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IACTEC-ERS 
2597 B 3/4 Road 
-#rand Junction, Colorado 81502 

Borehole Summary 
Page _L of I 
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IACTEC-ERS Borehole Summary 
2597 B 3/4 Road Page of 
?and Junction, Colorado 81502 

Project UMTR A GrO4 ,J& er 

tringlWeB NO. 692 ~ocat ion (NI 2/.5g508 (EI S S S Z I Z  
A u y c r  13 

Ground Elev, fFt.) Hole Depth IFt) Hqd<op,nrh nlk 
No. of Completions 

TYPE 01. fcf. gal) interval IFt.1 Stick:Up Height [Ft) 
Blank Casing Slot Size 
C-reen - to, - 

, 

! mplEnd Cap t o -  
Sand Pack - to - 
Sealant t o -  
: 1ut t o -  
-"<king Cover Installed Y I N  Padlock N 
Irilling Method A d q c r  Sampling Method ni A- 
: :e Drilled 6-9 -37 Date Developed Fluid LeveiIDate Drq 16-9 -97 
3 npieris) 

Depth' 
T I  

- 

0 

4--- 

/ O  

3 

-- 

-- 

-- 

-- 

-- 

Verified By 

GRAPHIC 
LOG 

Blows1 
8' 

-- 

-- -- 

-- 

Remarks n n v f i ~ h  bbtrind 
DESCRIPTION 

Required Information: 
Typical name; Munsell color; percentage sand and gravel; sorting (poor 
to well); grain angularity; induration or plasticity; moisture content (moist 
to saturated). 

S d  v r r j  go. q r ,  t o  fn. yr., rccMisA y e  iL,r 6/6) 
we/  

9998 S C - , , ~ ;  / 9 0 s ; / t ,  p& <or&&, s u b C u 4 ~ d e 4 ,  m o i s t  
A fk bbcU/rrd+ y e L / o d  ~ ; n c i c l  ~ ' d i n  5 . 5'Pt 

/ t '  ~ a , , c a r i . ~ b c v ~ ,  d c / ) 6 d i S j l  t~d C5JR 516). 

&-Jroi l j c r  ad , i r r -  r e  fu;* l - B r y  

WELL 
CONSTRUCTION 

Sohlcc- r -  

PI0 
ppm 

- 

- 

-- 

- 

-- 

- 

-- 

- 

Sompla No.; 
lntarval 

- 

-- -- 

- 

-- 

- 

-- 

- 

-- 

- 
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AACTEC-ERS Borehole Summary 
2597 B 314 Road Page _L of 
'irand Junction, Colorado 81502 

&fidim %ce site ~ a u m n f % l ) = r  ; A t .  Project JJ,V$~R.~+ ~ ; r o & ~  

,ring/Well NO. 6-93 ~ocat ion (NJ _d 158576 (EJ 5 8  7/86 
i round E I~V .  [ ~ t , )  4$'80,2 ~ i t l ~ u g e r  size 7i/b1h?0./3 3 / ! " ~ . a  Hole Depth IFtJ 

Diameter (inch I. D.) No. of Completions 
TYPE Interval [Ft.) Stick-Up Height (Ft) 

3lank Casing Slot Size 
reen Looatron Sketch 

lmplEnd Cap 
sand Pack 
:-alant 

3Ut 

ocking Cover Installed Y I N  
)rilling Method A dqer Sampling Method f l f t 

te Drilled G-3 -a 7 Date Developed /J A Fluld LevellDate DPN / G - 9- 97 
-nplerisJ 

nopth' 
TI 

0 

5 

I D  
/ I  10, 

-- 

-- 

-- 

-- 

-- 

I ipleted By , Verified By b&L 1 

Sample No.; 
Interval 

- 

-- 

- 

-- 

- 

-- 

- 

-- 

- 

Blows/ 
6' 

-- 

-- 

-- 

-- 

SP-wer 

PI0 
ppm 

- 

-- 

- 

-- 

- 

-- 

- 

-- 

- 

WELL 
CONSTRUCTION 

G W H I C  
LOG 

Remarks ~ u d r o n u n c l i  AD;~;G 

DESCRIPTION 

Required Information: 
Typical name; Munsell color; percentage sand and gravel; sorting (poor 
to well); grain angularity; induration or plasticity; moisture content (moist 
to saturated). 

SmA, v ~ r y f , , . ~ r ,  t o  fn. gr. Y C I ) O L J ~ - S  h red C 6f9 5 ) ~ )  
99% 5 - 4 ,  190 5 0 r ~ e r { ,  S L ~ ~ ~ Y ~ ~ C I C A ,  A f e d  
F ~ ~ ) C S  g p  &* V z c m  & 9 5  i hc. 1%). A i t w b J c c  /f, y e / ) o w  
t c d m . n c r n I q r o ,  n~ ~ a j s t  s M 

J'rmerr 5 e ~ C R ,  a & Uidtl/rc&5 A ~ P U ~ A  ~ , ) 2 ~ $ r h e  
pebbIC5 ( 5 y 9 3 / 2 > k 5 s t h a * i c ~ t  1 - 7  SW 
o r y  bcrnnj 
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IACTEC-ERS Borehole Summary 
2597 B 3/4 Road page J- of I. 
-rand Junction, Colorado 81502 

Project /,JMT&I, GNrm$Ir/6& c 

I r i n g l ~ e l l  NO. 694- ~ocat ion IN) 215 9870 ~ E I  5 8  7490 
BitIAuger Size 7% / 3 % ' ' ~ ~  D, Arrqer 

Ground Elev. (Ft.) Hole Depth IFtI flr(Irnpvnch UA 
Diameter (inch I. D.1 No, of Completions 

TYPE . Vol. lcf, gal) Interval IFt.1 Stick-Up Height (Ft) 
3lank Casing Slot Size 
t-reen 
E nplEnd Cap 
;and Pack 
h i a n t  t o  - 
I rut - to - 
.ucking Cover Installed Y 
Iriiiing Method cr Sampling Method Vhlk 
I .e Drilled G- Fluid LeveiIDate Drq b-9-3 7 
;. npleris) 

Depth' 
rr 

- 

0 

L 

10 

-- 

-- 

-- 

Blows/ 
6- 

-- 

- -TO,  

-- 

-- 

-- 

-- 

S d ~ r r e r  

PID 
P P ~  

- 

-- 

- 

-- 

- 

-- 

- 

-- 

- 

Sample No.: 
i n t e ~ d  

- 

-- 

- 

-- 

- 

-- 

- 

-- 

- 

WELL 
CONSTRUCTION 

GRAPHIC 
LOG 

Remarks hydro a u n c l  b&(?nri 
DESCRIPTION 

Required Information: 
Typical name: Munsell color; percentage sand and gravel; sorting (poor 
to well): grain angularity; induration or plasticity: moisture content (moist 
to saturated). 

D r y  b u r ; ~ f  

- 

- 
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IACTEC-ERS Borehole Summary 
2597 B 314 Road . Page I of 

-rand Junction, Colorado 81502 

ncfion OKce site Project UMTR A ,&,,d& .- 
i ring/WeU NO. ( $ 3 5  Location (~12t59.529 IE) 587707 
;round Elev. (Ft.) 4X70, f  BitIAuger Size 7 ~ / 8 " ~ , ~ ~ / 3 3 ~ ' ~ . ~ .  Hole Depth fFt) d;~;,,l";,j 

Diameter (inch I. D.) 
' 

No. of Completions 
TYPE Vol. (cf, gal) Interval fFt.1 ~ t i c k i ~ p  Height (Ft) 

ilank Casing Slot Size 
'een Losatiori Sketch 

i nplEnd Cap 
;and Pack 
,-slant i u t  t o -  E , -1 
ocking Cover Installed Y I N Padlock o. 
trilling Method Ajqcr Sampling Method N k  

e Drilled 6-9-37 Date Developed H A  Fluid LevelIDate D r u  6-9 - 97 
i p l e r l s  

n-pth' 

0 

5 

10 

p T 
I -- 

-- 

-- 

-- 

-- 

-- 

P jepthr 

3 ..pleted By Verified By 

. 
Blows1 
6' 

-- 

-- 

-- 

o 

rnaarurcd 

>;IP~cc,- 

PIO 
ppm 

- 

- 

-- 

- 

-- 

- 

-- 

- 

from 

Samplo NO.; 
lntawal 

- 

-- -- 

- 

-- 

- 

-- 

- 

-- 

- 

WELL 
CONSTRUCTION 

GRAPHIC 
LOG 

Remarks hqdr~prmc)l brrio; , . 
DESCRIPTION 

Required Information: 
Typical name; Munsell color; percentage sand and gravel; sorting (poor 
to well); grain angularity; induration or plasticity; moisture content (moist 
to saturated). 

~i.,,& VriY f,,. 9,, to fn. ~ r . ,  ye l / bw i lh  red ( 5 Y A  5/6) 99% s,xi 
,y,.,-,g, &5L,-iPd, ~ ~ b r . u u n J e d ,  t n o ; s C  5N 

~ ~ ~ ~ , ~ b ; d & ,  rcdrfirh y - / /dd(SYR 6 / ~ ) - / 4  F h / b h c y  
red< 7 ~ / I u d  , n i o c c . e L g t r i n S  r n d r , ~ ,  G - r r & h ; & t ~ ~ / ~ ~ r  ucr 

<h.p$.  
Y 

D r y  b c ~ i n ~  shlcns cbc- Gr=t'~orXoiauqxr ve<vpc 2 
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IA~TEC-ERS 
2&7 B 3/4 Road 

rand Junction, Colorado 81502 

Borehole Summary 
. P a g e _ L  of 

c L ~ c f i m ?  w c e s i i e  M o n u m e d  E/ /+ .Az ,  Project U N l f i A  ~rocm&te, 

i r i ngwe l l  NO. 6 3 6 ~ocat ion IN) d /S 906 2 (€1 587489 
;round Elev. fFt.1 Hole Depth (Ft) Aoqer u ,, G O f t ,  

drvpvnch 72.f; 
No. of Cornpietions' 

TYPE Vol. (cf, gall Interval IFt.1 Stick-UpHeIght (Ft) 
llank Casing \ t o -  Slot Size 
r 'een t o -  

nplEnd Cap t g 
N '  t o -  

,and Pack 

\ 
t o -  

,-?lam _ t o -  
i U t  t o -  

Fluid LevelIDate 
Sampling Method &; /er  

f i  b- 6-3-3F 
Remarks H ~ d r o o ~ n c h  b c i i o s  

p-~ th '  
I '1 

0 

5- -- 

l.3'-- 

$ 

Blows1 
6'. 

PI0 
pprn 

- 

' 7-- 

-- 

-- 

-- 

-- 

r..~leted By 

- 

,-- 

- 

-- 

- 

-- 

- 

-- 

Sample No.; 
Interval 

- 

-- -- 

60-52' - 

I 

jc-72 -- 

- 

-- 

- 

-- 

- 

K - j a  .5r'7.,e P S  u ~ L ~ , c ,  W C ~  

I 

i 
i 
i 
I 
i 

i 
I 
I 
I 
i 

WELL 
CONSTRUCTION 

GRAPHIC 
LOG 

J 

DESCRIPTION 

I 

Required Information: 
Typical name; Munsell color; percentage sand and gravel; sorting (poor 
to well); grain angularity; induration or plasticity; moisture content (moist 
to saturated). 

! 

0-5' S a n d ,  "cry f ine~m,:nr- !  t o  fn .qr . ,  y e ~ t e ~ t ' s h  r r d  

CSY4 576) $990 ) u ~ c , n d ,  1% s l i t /  &d.(iscr t-d, 
svbto.'.*deA, r n ~ ; s t ,  A fe4: b i c > / / , r r d ~ d y ~ / / # ~  
wine,-o( 7ra;ns. L r 5 . j  & h 4  /96 51 iLcu , incLed+ebb)cS i ~p L'o 2 c m  / e n q ,  

'"'fy 54,- e c e c bc.,Z-,  I )C  pr b b l e s ,  rr</A, * A  ypl/ou, 
C sv4 G/G) 

W a L .  4 7  f t ,  
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IACTEC-ERS 
2597 B 3/4 Road 
- rand Junction, Colorado 81502 

Borehole Summary 
Page _I of 

zacility Grd JV~C~,'UM .O.fTrce site M o n ~ r n e w ~  do//@ , A 2; Project UMTAA Ci~vndAk, 

i r ingwel l  NO.. 6 3 3- ~ocat ion (NI g/L32A? (€1 5 9  /872 
63- A d y e r  

:round Elev. (Ft.1 4795.4 BitlAuger Size ? $3'b00./33/e'~,~ Hole Depth (Ftl 75 Hqd~omnci,  
Diameter (inch I. D.) 

' 
No. of Completions 

TYPE Interval (Ft.) Stick-Up H e i ~ h t  (Ft) 
3lank Casing * O  - Slot Size 
: een t o -  
; nplEnd Cap 
;and Pack - to - 
,-slant t o -  
i U t  t o  - 
ocking Cover 
trilling Method Aoqer Sampling Method ~ a ; j e r  

e Drilled k-/0-37 Date Developed Fluid LevelIDate 1 4 f f  bq / G - / O - 9 ?  
~.apler(s)  

n-pth' 
4 I 

0 

5 

1 
Is-- 

& 0-- 
/ 

3 

/ 
2-- 

.. F-- 

/ 
. . 
7 -- 

-- 

-- 

epthr 

i l e t e d  By , / & ? f i ~ ~ r n &  Verified By 

L. 

Blows/ 
6' 

-- 

-- 

rnaasuicd 

PID 

ppm 

- 

- 

-- 

- 

-- 

- 

-- 

- 

lrom 

Spmrer  

Sampla NO.: 

l n l s ~ a l  

- 

-- -- 

21-23 - 

-- 

- 

53-ST-- 

Yj-Yj- 

-- 

- 

oroun lr 

WELL 
CONSTRUCTION 

Remarks Clqdrcpunch Bori oq 
J 

GRAPHIC 
LOG 

DESCRIPTION 

I 

Required Information: 
Typical name: Munsell color; percentage sand and gravel; sorting (poor 
to well); grain angularity; induration or plasticity; moisture content (moist 
to saturated). 

I 

w h ,  &e < c l e b r  = h i p s ,  
i 
i 

; ) - I 5   SO*,^ r s r b ~ r r - ,  we* .  A Cew red-Jyr)luw m ;nera lqca;ns:  

, ~ - z c  5 a m r  06 o b o r ~ ~  s o i v r o k e d .  

LG-3C somen$ n b c v e ,  6 a i u r g ~ r ~ , y c / / 0 4 i ~ k r ~ d ( 3 - ~ ~ 5 ~ 9 ~  

4r;-$-0 ~ ~ ~ ~ i ,  same ej o b c d e ,  b r c u n  @ 5 ~ @  s/.L) /90cla$, ; 
A fed 50.fh w h r 2 i i 5 h  Sreet, < e r y ? ? i n y  f l ~ I f e 5 .  u e , ' ~  

s / i 7 h Z  . ~ l o $ $ r . c ,  i 

,&jC; ~~~~~~f w c  f i r e d i ; / l l . n y  t h r o i r g h  u Cewrlo 
/enrc5 t bri $ o r e  r7c  2 d C r ~  t - h i ~ l l ,  D r ; l / ~ ~  
n,.t;ced h i y h c i  n ' r i l 1 , n f -  r a k e  w L >  quI 'n9 I h t o Y 4 i  
t h e  c )by zme 5 .  

I 
! 
i 
I 
I 

! 

I 

I 
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. IACTEC-ERS Borehole Summary 
2597 B 3/4 Road . Page _L of J- 

rand Junction, Colorado 81 502 

Project LIMlAA ~rcand&A!Jer 

r i n g l ~ e ~ t  NO. 6 96 ~oca t ion  IN) 2 l L  26 43 (EI ,59 /2 19 
, I  

:round Elev. (Ft.) 4f 02 -3  Bit/Auger Size 776'h0,/ 3 94 ?,D, ugcr 45 

Diameter (inch I. D.) I 
Hole Depth IFt) fivdCo.ouncJ, 4 y  
No. of Completions 

TYPE Vol. (cf, gall Interval IFt.1 Stick-Up H e i ~ h t  (Ft ]  
lank Casing t o -  Slot Size 

een 
nplEnd Cap 

and Pack 
-- lam - t o  - 

Ut - to - 
xking  Cover Installed Y I N  
filling Method ,!-luyer Sampling Method l3nilev 
t 2 Drilled G - 1 0 - 3 7  Date Developed bJ k Fluid LevellDate 
s~~ipler is)  A .  Swsorer Rematks #qdrdodoch borinq ' 
r >the 
i 1 

n 

5 

! j5--- 

Lo-- 

. , , , 

Blows/ 
6' 

-- 

PI0 
ppm 

- 

- 

-- 
/ 6 ~ - -  

?-- 

-- 

-- 

r e  By /& df kW&_, l?, nqleted By 

- 

-- 

- 

-- 

- 

-- 

-- 

Sample No.: 
Interval 

- 

-- -- 

18-20' - 

-- 
45-4$ 

- 

-- 

- 

-- 

- 

Net-: o n ;  A c J t n  o q e r  - 37 f t .  pn dPP t h ,  

! 

I 
! 

j 
! 

i 
! 
! 

I 
i 
I 
! 
! 
I 

WELL 
CONSTRUCTION 

GRAPHIC 
LOG 

-- 

DESCRIPTION 

I 

Required Information: i 
Typical name; Munseii color; percentage sand and gravel; sorting (poor 1 
to well); grain angularity; induration or plasticity; moisture content (maist 1 
to saturated). I 

Sand, ,IL-TY f i n e  ? r a i n e d  t~ f n ,  qr,) ~ j y c l l o d , . s h  r e  
w e  i (514 G/G)) 939% r . 0 4  /% i,i&, &rorie$, 

s ~ : b r ~ u n d r / c d ,  mo;s  t, 
, /eft; I 

-us 

, , ,neru /  7 r a i n s  a n d  a . f ew  t b n y  w h : i e  {</&or ~ - h i ~ ~ ,  

so,,,t. as n b c u & ,  s~&u*-d2'ed 

Same u 5 a Lor,e, q c / l o d i s h  rrh  (6- t /4  5-16) 
, 
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IACTEC-ERS Borehole Summary 
2597 B 3/4 Road page 1 of 2 
-rand Junction, Colorado 81502 

=acility GrodTmciaw 06C1rw project LIMTRA ~;ro- ,;dfdaier 

r ingNel l  NO. 760 ~ocat ion IN) 2/62653 (E) 59 0 7// 
;round Elev. (Ft.) 4812.26 BitIAuger Size 7 $/B 'b0,/3 %'!I,D, Hole Depth (Ft) 77, o 

Diameter (inch I. D.) No. of Completions / 
TYPE Vol. (cf. gal) Interval 1Ft.) Stick-UpHeight IFt) Z,X8 

3iank Casing PUG scd@ 2" & t o L Z L  Slot Size G',D/D 
'--een pb'C sru! 4 0  Z " 4 - 5  t o  7 5  

,1 

2 " 75 t o  z 5  np/End Cap PVL scd. 4-0 

;and Pack- JO-28 s;/;&, /d-20 71,< t o  46,s 
p ? & ; k  ~- tkC$  I/+'' to &&& iaalant 

i but ge,.&.,;A .S/Jir q - 22ft3 4J;4 to 7- 
ucking Cover Installed @I N ' Padlock No. 3359 
)rilling Method f l u  rl er Sampling Mathod deb- I 

; e Drilled 6'-/0- '97 Date Developed 8-16-9'f Fluid LevellDate Z2,6 6 L / 6-0-3 7 
;-npier(s1 i.S?wcrr Remarks lhr,/@cru;nq-vscd/sac/l smd Fo . .enr ' ;~  Z C ' ~ C , L T ~  

c ~pleted By Verified By v 



WELL NO. 7 6 0  DATE 6-/0-9p TIME I200 I 

PLANNED INSTALUTION FINAL INSTALLATION Gme q; p Lnned) 

CASING DIAMETER 2 n 

GROUT TYPE &,&,,;k ,g)uppq 
J I 

CASING STICKUP HEIGHT 2,50 

TOP OF GROUT 2 

TOP OF PELLETS f 3.4- 

S I Z E  OF PELLETS 

WATER ADDED TO PELLETS fl-e 
( G a l l o n s )  

- 

TOP OF F I N E  4~ 
SAND S I Z E  

TOP OF FILTER SAND & 
FILTER SAND S I Z E  /0~20 

TOP OF SCREEN 55 
TOP OF SLOTS 65,/6 

TYPE OF SCREEN 

SLOT S I Z E  3, G / o  

BOTTOM OF SLOTS 2YZL.- 

CASING STICKUP HEIGHT 

I 
TOP OF GROUT 

TOP OF PELLETS 

TOP OF FINE SAND 

TOP OF FILTER SAND 

TOP OF SCREEN 

TOP OF SUMPIEND CAP ?F,OB TOP OF SUMP/END CAP 

BOTTOM OF SUMP/END CAP 75T5 BOTTOM OF SUMP/EMD CAP 

TOTAL DEPTH Z?O 



All depths measured from ground level. 

( mpleted By Verified By 



Well Detail Report for: MONO1 0760 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) & D e p t h  

LOCATION CODE: 0760 TOP GRAVEL PACK: 4765.76 46.5 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4736.76 75.5 

DAMAGED: No TOP OF SCREEN: 4757.26 55.0 

SURFACE ELEVATION: 4812.26 BOTTOM OF SCREEN: 4737.26 75.0 

BOTTOM ELEVATION: 4735.26 
GRAVEL PACK LENGTH: 29.0 

TOTAL DEPTH: 77.0 
SCREEN LENGTH: 20.0 

ZONE OF COMPLETION: ALLUVIUM 
CASING LENGTH: 78.04 

CASING-DIAMETER (in.): 2 

Lithology Details 

TOP - 
Elev &@ - 

4812.26 0.00 

BOTTOM uscs - 
Elev DESCRIPTION - 

4807.26 5.00 

LITHOLOGY DESCRIPTION 

SAND, very fine grain to fine grain, yellowish-red. 
(5YR 516). 99% sand. 1% silt, well sorted, 
subrounded, moist. A few red, yellow and black 
mineral grains. 

Same as above, saturated. A few tiny white and 
clear chips. WL - 24 ft. 

Clayey Sand. Gray (5 Y 612). 90% sand, 10% 
clay, plastic. 

Same as above. 95% sand, 5% silty clay. non 
plastic. 

Sand, very fine grain, to fine grain, reddish brown 
(5YR 516). 

99% sand. 1% silt, well sorted, subrounded, 
saturated. A few red, yellow and biack mineral 
grains. and a few tiny clear and white chips. 

Same as above, yellowish brown (5YR 514). 

TD in Quat 

Note: Depths are feet below ground su~face,and elevations are feet below Mean Sea Level. 



VIACTEC-ERS 
2597 B 3/4 Road , 

3rand Junction, Colorado 81502 

Borehole Summary 
Page _L of I 

Facility G r ~ n d s u n ~ i , ,  of&w Project U N 7 A  A Grodndkloier 

oringmell NO. 76 1 Location IN) 21624g. (El .?ggk// 
Ground Eiev. IFt.) 4 8 3 2  -29 . BitlAuger s i z e 5 / 6 ) " 0 . ~ / 3 3 / g ' > , ~  Hole Depth (Ft) 55,s I 

Diameter [inch I. D.) No. of Compjetions 1 
TYPE Vol. (cf. gal) Interval IFt.1 Stick-Up Height, (Ft) 7 , 4 p  

Blank Casing PC scd, 4 0  S t  to ,[lot Size . 0, 010 , 

-creen P v r  srd. 4 0  2 'I 3 9  to 49 Losolion Sketch 

~ m p l E n d  Cap PYC ccd .  4 0  7 "  

Sand Pack 5 i l i c  
Sealant 36 to 35 

' O u t  B + , $ m ; h  slurrq 33 t o  2 
~dck ing Cover Installed @IN padlock No. 3359 
Drilling Method A dyer Sampling Method Sol;tsp;wr (18") 

~ t e  Drilled 6 - 17 -37 Date Developed 8- IP-9F Fluid LeveltDate 41 f & / 6- 17-3 7 
~mpier(sl l .  

I Depth' 

: -1 

0 

/u 

za 

25-- 

i e  

:5 -- 

.o -- 

-5-- 

4-4-- 

3-5-- 

- "I depths 

/&#&= Verified By 3 npleted By ,/A 

Blows/ 
6' 

-- 

-- 

-- 

4 
i$ 
so 

measured 

S ~ C C P  

PI0 
ppm 

- 

- 

-- 

- 

-- 

-- 

from 

Remarks 

Sample No.; 
h t o ~ o l  

WELL 
CONSTRUCTION 

. , , . .  . . .  . . 

-- 

GRAPHIC 
LOG 

G 7C1 

- 

- 

DESCRIPTION 

Required Information: 
Typical name; Munseli color; percentage sand and gravel; sorting (poor 
to well); grain angularity; induration or plasticity; moisture content (moist 
to saturated). 
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TOP OF SCREEN 33,0 

TOP OF SLOTS 3 3 , t G  

TYPE OF SCREEN 0 ;edr ; cK  

. . . .. _ : , I  
WELL NO. 76 1 DATE 6-18-27 TIME /ODD hr .  

I 

PLANNED INSTALLATION FINAL INSTALLATION 6-i / C:S p unne & I  

SLOT SIZE 0,010 

CASING DIAMETER 2 

CASING STICKUP HEIGHT 2,42 

TOP OF GROUT 2- 

GROUT TYPE G w 2 c m ; i e  s / o r r y  
J 

P O 5  Co, 

TOP, OF PELLETS 33.0 

SIZE OF .PELLETS qe" 70, 

"~ 

WATER ADDED TO PELLETS /& 
(Gallons) 

TOP OF FINE SAND: 3 G .  4 

20-$0 SAND SIZE 

TOP OF FILTER SAND 3 z  0 
FILTER SAND SIZE / D - 2 0  

BOTTOM OF SLOTS +'.R,9/ 

BOTTOM OF SUMP/EMD CAP 54,5 u BOTTOM OF SUNPIEND CAP 
TOTAL DEPTH 5 ' 

- 

- 

- 

- 

- 

I 
! 

CASING STICKUP HEIGHT 

! 
TOP OF GROUT . !  

, - 

TOP OF PELLETS 
! 

TOP OF FINE SAND 

TOP OF FILTER SAND 

i 



Well Detail Report for: MONO1 0761 2/25/98 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONO<) Elev Depth - 
LOCATION CODE: 0761 TOP GRAVEL PACK: 4796.29 36.0 

DECOMMISSIONED: NO BOTTOM GRAVEL PACK: 4777.79 54.5 

DAMAGED: NO, TOP OF SCREEN: 4793.29 39.0 

SURFACE ELEVATION: 4832.29 BOTTOM OF SCREEN: 4783.29 49.0 

BOTTOM ELEVATION: 4776.79 GRAVEL PACK LENGTH: 18.5 
TOTAL DEPTH: 55.5 SCREEN LENGTH: 10.0 

ZONE OF COMPLETION: ALLUVIUM CASING LENGTH: 57.230 

CASING-DIAMETER (in.): 2 

Lithology Details 

TOP BOTTOM IJSCS - 
Elev - Elev DESCRIPTION LITHOLOGY DESCRIPTION - 

Sand, very fine grained to fine grained, reddish- 
yellow (5YR 616). 99% sand, 1% silt. well sorted. 
subrounded, dry. - A few red, yellow and black 
mineral grains. 

4827.29 5.00 4822.29 10.00 Same as above, moist. 

4822.29 10.00 4817.29 15.00 Same as above, a few tiny clear and white chips. 

Same as above, a few soft subrounded sandstone 
pebbles up to l c m  long. 

Same as above. no pebbles. WL - 41 ft 

4787.29 45.00 4785.79 46.50 Same as above. saturated 

Drilling got harderlslower at 50 ff Suspect 
weathered bedrock. 

Sandstone (Shinarump), fine grain, brownish- 
yellow (10YR 616) 98% sand. 2% clay. well 
sorted, subrounded, moist, friable. Trace of mica. 
a few large quartz grains. Limonite and hematite 
(reddish) staining. 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 
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MACTEC-ERS Borehole Summary 
2597 B 3/4 Road Page of L! 
Srand Junction, Colorado 81502 

Facility f i r a d J ; n c t i m  0 f f ; c e  Site flongrnw? Ua l l e q ,  A z. Project U M 7 S A  Gruundl&ie, 

oringmell NO. 762 ~ocat ion LN) 2/6 2488 (€1 588 611 
Ground Elev. (Ft.) @!?, / I  BitiAuger Size 7ll'a "&D~~) /*" .? .o .  Hole Depth (Ftj .qO,O 

~iameier (inch I. D.1 No. of Completions j 
TYPE . Vol. (cf. gal) Interval (Ft3 Stick-Up Height (Ft) 2,42 

Blank Casing PUC scd. @ 2 "  0 to 29 Slot size 0,010 
=creen PJC scd.40 2" 29 to 49 Location slrstch 

~ m p l E n d  Cap P V C  s c d . 4 0  2' 43 t o  54,s 
sand Pack ) U - z o  s i l , ~  ' t o - Z C  . - &to  27.0 
Sealant ~- io ' , ' ; '<~~p~ ~ k t s  ++" 26..p &to- 

'Out f'oscc. ih?*;k  31o.c.j f5.4 ff3 23.5 t o  2 
~dck ing Cover Installed a/ N Padlock No. 3359 
Drilling Method A J ~  e r  Sampling Method ' 

l te Drilled 6 - 18 1.97 Date Developed 6-18-9+ 

I! 



WELL NO. 7 6  2. 

PLANNED INSTALLATION 

CASING DIAMETER 2 

CASING STICKUP HEIGHT 2.42 

TOP OF GROUT 2 

GROUT TYPE PDS. b-&;k S ) ~ r ~  Y 

TOP OF PELLETS 3,s 

S I Z E  OF PELLETS [,!+L''~'J~L 
WATER ADDED TO PELLETS ,f; 
( G a l l o n s )  

TOP OF FINE SAND 26,5 

S A N D S I Z E  /($-a 
TOP OF F ILTER SAND zp 

FILTER SAND S I Z E  /0-20 

TOP OF SCREEN Z9,Q 

TOP OF SLOTS 29.16 

TYPE OF SCREEN O i e d r , c ) {  

SLOT S I Z E  0, 010 

BOTTOM OF SLOTS 48,3 

DATE 6-13-97 TIME 1 2 / 5 ' h r ,  I 

FINAL INSTALLATION (& A ~ I ~ )  

CASING STICKUP HEIGHT 

TOP OF GROUT 

TOP OF PELLETS 

TOP OF F I N E  SAND 

TOP OF F ILTER SAND 

--  

TOP OF SUMP/END CAP 

BOTTOM OF SUMPJEND CAP 54,5 u BOTTOM OF SUHP/END CAP 

TOTAL DEPTH 20 0 



Well Detail Report for: MONO1 0762 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) Elev Depth - 
LOCATION CODE: 0762 TOP GRAVEL PACK: 4791.61 26.5 

DECOMMISSIONED: N o  BOTTOM GRAVEL PACK: 4763.61 54.5 

DAMAGED: N o  TOP OF SCREEN: 4789.11 29.0 

SURFACE ELEVATION: 4818.11 BOTTOM OF SCREEN: 4769.11 49.0 

BOTTOM ELEVATION: 4728.11 GRAVEL PACK LENGTH: 28.0 
TOTAL DEPTH: 90.0 SCREEN LENGTH: 20.0 

ZONE OF COMPLETION: ALLUVIUM CASING LENGTH: 57.130 

CASING-DIAMETER (in.): 2 

Li thology Details 

TOP - BOTTOM uscs - 
Elev w - - Elev DESCRfPTlON LITHOLOGY DESCRIPTION 

Sand, very fine grained to 6ne grained, yellowish- 
red (5YR 516). 99% sand, 1% silt, well sorted, 
subrounded, moist. A few red, yellow & black 
mineral grains. 

4803.11 15.00 4798.11 20.00 Same as above. gravel - 5%. up to 2 112 cm long. 

4798.1.1 20.00 4793.1 1 25.00 Same as above, no gravel 

4788.11 30.00 4783.11 35.00 Same as above, wet A few white and clear chips, 
very small. 

4777.1 1 41.00 4775.11 43.00 Water Sample. #762-43 

Same as above, reddish-brown (5YR 514) 
saturated very slightly sticky 

4758.11 60.00 4753 11 65.00 Same as above, not sticky. 

Same as above, a few tiny brown siltstone 
pebbles. - 1%. 

Water Sample #762-88. TD In Quat 

Note: Depths are feet below ground surface arid elevations are feet below Mean Sea Level. 



This page intentionally blank 



- 

JACTEC-ERS 
2597 B 3/4 Road 
"rrand Junction, Colorado 81 502 

Borehole Summary 
Page _L of 1 

Facility G r a n d , t ~ n c  t im ~ + . F ; C P ~  site MIY n d r n ~ 4 - t  do 1 ) e y .  A z- Project UM7RA ~ l i n d l J 4 t c  

76 3 ~r ingtwel l  NO. Lcat ion IN) 2/62845 (E) 5 8 9 7 ' 3  

Ground Elev. ( ~ t . 1  e d  4818 BitIAuger size 1q8 'b.~./3%'3.0, Hole Depth (Ft) 
Diameter (inch I. D.) No. of Completions 

TYPE Vol. (cf. gall Interval (Ft.1 Stick-UpHeight (Ftl 
Blank Casing Slot Size 
??reen 
: ~mplEnd Cap 
Sand Pack 
Sealant - to 

DUt - t o  
-ucking Cover Installed Y 1 N Padlock N 
3rilling Method o rr Sampling Method ' Nh 
: te Drilled G- Fluid LevelIDate flA 

I 

/dfl*B VerifiedBy (??fdfh&&& ?. 

: i  ipleted By dl 

Sampls No.: 
Interval 

- 

-- -- 

- 

-- 

- 

-- 

- 

-- 

- 

round v 

1 , ~ a e n c e r  

PI0 
ppm 

- 

- 

-- 

- 

-- 

- 

-- 

- 

lrom 

E-.npler(s) 

Depth' 
T I  

0 

-- 

-- 

-- 

-- 

i"' depths 

Blows1 
6' 

-- 

-- 

-- 

-- 

-- 

measured 

WELL 
CONSTRUCTION 

GRAPHIC 
LOG 

Remarks L o s t  6rr;o.r ?o ~ a u i n ~  ssnd  
Y u 

DESCRIPTION 

Required Information: 
Typical name: Munseil color; percentage sand and gravel; sorting (poor 
to well); grain angularity; induration or plasticity; moisture content (moist 
to saturated). 

0-5 Sand,  v e i y  f n  7 r  t o  fn qr., c jeI lod /rh  red (6Y4 6-/G' 

99906md, f % s w - '  . s e p + d ,  s c b  r ' ~ n J e m ! , ~ c . ; d  
,q Ted y e l l o w  o n r l  b / o r @  m;ne,-c:L ~ f a i n 5 ,  

r5-20 Same n~ a b c v e , g r c u e l . s 9 u l   UP^@ 7 % r m  /a 7 
ZC-z5 Sameas z t b ~ b , e ,  n o  7 m v e t .  

--- 
vet3 <ma/ /  

g o - 5 ~  5 ~ ~ ~ ~ 5  cpbo,.e. redA,sh brb,., ( 6 Y A  ~/4-), Saioroh*d 
p i 3  h s t ; c l ( ~  

G c - ~ 5  ~~~~~s n 6 c d e ,  n ; ?  sf;< )fry 
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WELLNO. 76. DATE 6-20-97 TIME 1 3 j 5  

PLANNED INSTALLATION FINAL INSTALLATTON 6- a p 
CASING DIAMETER 7 n 

GROUT TYPE P D S  CO, f lwhije 

3 1 0  r r q  

CASING STICKUP HEIGHT 2,5- 

TOP OF GROUT 2 

WATER ADDED TO PELLETS /O 
(Gallons) 

TOP OF F I N E  SAND 'fq, 0 
SAND S I Z E  20-# 

TOP OF FILTER SAND 45,O 

F ILTER SAND S I Z E  f ~ - i ! . o  

- 

4/t 0 TOP OF PELLETS 

SIZE OF PELLETS &-I' r o d o d  

CASING STICKUP HEIGHT I 

I 

TOP OF GROUT 1 

i 
TOP OF SCREEN 4-%0 TOP OF SCREEN 1 

TOP OF SLOTS 

TYPE O F S C R E E N  O j e d r  j c  

- -  - -  - -  
SLOT S I Z E  3, O/l? - - -  - -  - 1 

- - - - - - 
51, 9 BOTTOM OF SLOTS * E  I 

! 

TOP OF SUMP/END CAP 52,O TOP OF SUMP/END CAP I 

- 

- 

BOTTOM OF SUMP/END CAP -4-2.5 u BOTTOM OF SUMP/END CAP 

TOTAL. DEPTH 52. S 

I 
TOP OF PELLETS 

I 

I 

TOP OF F ILTER SAND 



Well Detail Report for: MONO1 0764 2/25/98 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) Elev Depth 

LOCATION CODE: 0764 TOP GRAVEL PACK: 4804.68 44.0 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4796.18 52.5 

DAMAGED: No TOP OF SCREEN: 4801.68 47.0 

SURFACE ELEVATION: 4848.68 BOTTOM OF SCREEN: 4796.68 52.0 

BOTTOM ELEVATION: 4796.18 GRAVEL PACK LENGTH: 8.5 
TOTAL DEPTH: 52.5 SCREEN LENGTH: 5.0 

ZONE OF COMPLETION: ALLUVIUM CASING LENGTH: 55.35 

CASING-DIAMETER (in.): 2 

Lithology Details 

TOP BOTTOM uscs - 
Elev - Elev DESCRlPT1ON LITHOLOGY DESCRIPTION - 

4848.68 0.00 4843.68 5.00 SAND, very fine grain to fine grain, reddish-yellow 
(5YR 616). 99% sand, 1% silt, well sorted, 
subrounded, dry. A few red, yellow and black 
mineral grains. A few tiny white & clear chips. 

4843.68 5.00 4838.68 10.00 Same as above, moist. 

4838.68 10.00 4833.68 15.00 Same as above, less than 0.5% reddish-brown 
siltstone chips. (5YR 5/4). 

4833.68 15.00 4828.68 20.00 Same as above, no siltstone chips, yellowish-red 
(5YR 516) 

4818.68 30.00 4813.68 35.00 Sand, same as above, reddish-yellow (5YR 6/6), 
slightly moist. 

4808.68 40.00 4803.68 45.00 Same as above, more moist (Note: Driller 
noticed drilling got harder a 4 7 4 8  Ft ) 

4798.68 50.00 4797.18 51.50 Same as above Water sample 49-51 R. 

4797.18 51.50 4796.18 52.50 Weathered Bedrock (Shinarump). 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 
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. . . . 
MACTEC-ERS 
2597 B 314 Road . . . .  
Srand Junction, Colorado 81502 

~orehoie Summary 
Page 1 of 1 

1 Project UMTSA ~ r s ~ n d k i e r  

oringlWell No. 765 
Ground Elev. (Ft.) 4895.64 BitlAuger Size ,Q&'~.Q / 6 ?/I. 0 

Diameter (inch I. D.1 ' 
Hole Depth (Ft) 8.9 
No. of Completions 1 - .  ~- ~p 

TYPE Vol. (cf. gal) Interval (Ft.) Stick-Up Height [Ft) 2,s' 
Blank Casing P V L  5 ~ J - w  p. 11 0 to 5.36 Slot Size 0,010 . 
Cueen ~ i r d ~ c r i '  PVC d . 4 +  I ,  58,~. t o  88,7 Cocation sketch 

~rnp/End Cap PI.'C ~ c J . 4 c  4" 887 -10 , 

band Pack s i ) ; c a  6 89.0 t o 5 6 2 7  
Sealant -ey+'7-1-37 - ,  56.5 to 5/,6 

'Out Po 5 I&,&.,; k A,-? - 3z4ft j  I .  to 
,dcking Cover Installed @I N Padlock No. 33  59 

. 

Drilling Method AVO el* Sampling Method h e -  
~ t e  Drilled 6-24-37 Date Developed !?-lL?-9+ Fluid LevellDate 36.1 5'+, / G-15-97 
:mpler(s)& !,~e*cc-; Remarks 5ee n c i r  b e l a d  

DESCRIPTION 

Required Information: 
Typical name: Munseli color; percentage sand and gravel; sorting (poor 
to well); grain angularity; induration or plasticity; moisture content (moist 
to saturated). ' 

Ospth' 
'TI  

WELL 
CONSTRUCTION 

- 
7 

0 

/G 

2.c 

- : c  

-6 

2 

C 

-- 

4G -- 

39 -* -- 

GRAPHIC 
LOG 

Blowhl 
6' 

Verified By 

-- - 

-- 

-- 

-- 

-- 

-- 

T. D, 

PID 
ppm 

Sample No.: 
Interval  

- 

-- 

- 

-- 

- 

-- 

- 

-- 
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5 4 7  clo'j 
d~fe: On b o t J o n ,  o 6 b i t C & ' i  hetv u e g :  

* I  qr=y F Y  el l )  967~~/fi.1, ~ 9 -  ~ e d , ~ i x e i w /  y e / / w ; s ~  

brow% ( ,DYA ~ / 4 )  s 4 d y  c1d.j. L:ca n i  ie ~ t b i b 9 ; ) ~  jJ.?)l 
p=>e,.t, n s i s t F  

N r f e  : ~ r i i , e d  s / c ~ ,  c~ddedwaier t o ; ~  siderf ovgcrs 

@ jo ;  hj.5 -hr /pzd  f o  / o b r i c i r k  brr'urn-. sr-odpur/fed 
dvgercici7d b ~ r e  h f / e w l ; l / .  



I 

. . .  . . .. . . . . : 5 1 
. . . . .  .. .~~.. . .. . 

WELL NO. 76 5" DATE 6-30-37 TIME 2030  

PLANNED INSTALLATION FINAL INSTALLATION 

CASING DIAMETER 4 ' I  n ! 

CASING STICKUP HEIGHT 2,s 

TOP OF GROUT ~ f t ,  

I 
TOP OF PELLETS SI.6 

SIZE OF. PELLETS 

WATER ADDED TO PELLETS AfOn&' 
(Gallons) 

TOP OF FINE SAND rJ A 

SAND SIZE fl.h 

TOP OF FILTER SAND 

FILTER SAND SIZE 

TOP OF SCREEN 5B,68 

TOP OF SLOTS 59,/8 

TYPE OF SCREEN O ; d r i c ~  +" pyL 
I 

//&7-/ J7 

SLOT SIZE w G,o/o 

BOTTOM OF SLOTS 68,49 

CASING STICKUP HEIGHT I 

TOP OF PELLETS 

I 
1 

TOP OF FINE SAND . ..... . 
I 

TOP OF SCREEN 

TOP OF SUMP/END CAP 8 TOP OF SUMPIEND CAP 

BOTTOM OF SUMP/END CAP 8 9 , ~  BOTTOM OF SUHP~END CAP 
I 

TOTAL DEPTH $3.0 
I 



Well Detail Report for: MONO1 0765 2/25/98 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) Elev Depth 
LOCATION CODE: 0765 TOP GRAVEL PACK: 4789.14 56.5 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4756.64 89.0 

DAMAGED: No TOP OF SCREEN: 4787.04 58.6, 

SURFACE ELEVATION: 4845.64 BOTTOM OF SCREEN: 4756.94 88.7 

BOTTOM ELEVATION: 4756.64 GRAVEL PACK LENGTH: 32.5 
TOTAL DEPTH: 89.0 SCREEN LENGTH: 30.1 . 

ZONE OF COMPLETION: ALLUVIUM CASING LENGTH: 91.81 

CASING-DIAMETER (in.): 4 

Lithology Details 

iop BOTTOM uscs - 
Elev - Elev @ DESCRIPTION - 

4845.64 0.00 4840.64 5.00 

LITHOLOGY DESCRIPTION 

SAND, very fine grained to fine grained, reddish- 
yellow (5YR 616). 99% sand. 1% silt. well sorted, 
subrounded, dry. A few very tiny black and yellow 
mineral grains. 

Same as above, slightly moist 

Same as above, yellowish-red (5YR 516). Moist. 
A few red mineral grains. 

Same as above, wet, very slightly sticky. \nJL - 32 
n. 
Sand, very fine grain to fine grain, yellowish-red 
(5YR 516) 98% sand, 2% clayey-slit, well sorted, 
subrounded, saturated. A few red. yellow and 
black mineral grains. A few very tiny clear and 
white chips. 

Same as above 

No returns. 

SAND. same as '40-45'. Note Poor sample 

Note: Deplhs are feet below ground surface and elevations are feet below Mean Sea Level. 



Well Detail Report for: MONO1 0765 2/25/98 

TOP - BOTTOM USCS 
Elev Oepth - - Elev DESCRIPTION LITHOLOGY DESCRIPTION ! 

4759.64 86.00 4756.64 89.00 Weathered Bedrock. Note: On bottom of bit -0.5' i 
there was: sandy-clay, gray (5Y 611) 90% clay, 
10% sand, mixed with yellowish-brown (10YR 514) 
sandy-clay. Limonite staining 15%, moist. Note: 

! 
I 

Drilled slow, added water to inside of augers - 
leaked @joints - Helped to lubricate between 
sand packed auger andbore hole wall. TD in 1 
Shinarump. I 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 



IACTEC-ERS 
2597 B 3/4 Road 
^rand Junction, Colorado 81502 

Borehole Summary 
Page _L of _L 

Facility Grirand3onct;c-~ O f 4 i r w  Site M e n  dm&? v u / ) e q ,  A .z. Project VM74A GroJnJ&le; 

i .ring/Well NO. 766 ~ocat ion (N) 2/604/B (El .S892// 
;round Elev (Ft.) 444.71 BitIAu~er Size 7'/gif 0+7/3~!f1Ll, Hole Depth (Ftl 6 0  

Diameter (inch I. 0.) NO. of Completions I 
TYPE Vol. (cf,  all Interval (Ft.1 SticGUp Height [Ftl 2.5 

3iank Casing PUC scd. 40 2" L t o -  Slot Size 0 of0 
'-'een PUL scd. 40 2'' 4 % Z t o  ~ 7 ~ 2  
I np/End Cap PVC srd. 40 7" b 3 2 t o  5?,5 
;aid Pack. 5 i t ; c ~  tc-ZC 

i i c c c  , ri6-40 Jealant 0 5 n $ u n ; r c  oe/&ls /+ I c 765- 
i ~ u t  Pure Goid &ta;fe. s/dr,. ,  8,6'fi3  to^ 
."<king Cover Installed @I N " Padlock No. 33  53 

Sampling Method ' 
Fluid LevelIDate 32, 31 f -k / 3-2 - 3 3  

; nplerlsl 

Depth' 
i) 

0 

10 

* J  

A J 

i ' --  
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Verified By 
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PI0 
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o w c e e -  Remarks 

Sample No.: 
Interval  

WELL 
CONSTRUCTION 

GRAPHIC 
LOG 

P 7 

DESCRIPTION 

Required Information: 
Typical name; Munsell color; percentage sand and gravel; sorting (poor 
to well); grain angularity; induration or piaslicity; moisture content (moist 
to saturated). 
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BOTTOM OF SUMP/END CAP ,5715 L A  BOTTOM OF SUMP/END CAP 

. ! 
. . ; ~ . l  

W E L L N O . T G 6  D A T E ? - 1 - 9 7  TIME 1900 
! 

PLANNED INSTALLATION H N ~ I N ~ A L U T I ~ ( ,  ,@) 

TOTAL DEPTH 6'0 

CASING DIAMETER 2 " 
I 

CASING STICKUP HEIGHT 2,s f t. 

f t .  TOP OF GROUT 2 

GROUT TYPE f d r e  ~ ; o ] d  

GwL'",; t-c ~ I 0 T f - t  

TOP OF PELLETS 40,5 

SIZE OF PELLETS '/4" y d 0 o d  

WATER ADDED TO PELLETS j 6 n e  
(Gallons) 

TOP OF FINE SAND 4-3;s 

SAND SIZE . 16-40 

TOP OF FILTER SAND 44- ,5  

FILTER SAND SIZE lO-20  

TOP OF SCREEN 492 
TOP OF SLOTS 43,315 

TYPE OF SCREEN OieAr;=d 

0, 040 SLOT SIZE 

BOTTOM OF SLOTS 5-74 1 1 

Top OF suMP/END CAP n a  

- 

- 

- 

- 

- 

E Z  - - -  = 

-- 
- -  - -  - -  
-- - - -  - 
= = - -  
%f 

-- - = 

I 

1 
CASING STICKUP HEIGHT i 

I 

r 

TOP OF GROUT . 1 i 
.. . 

I 
i ! 

I 
I 

TOP OF PELLETS 
I ~ 

i 

TOP OF FINE SAND 
! 

! 

TOP OF FILTER SAND 
i 
I 

TOP OF SCREEN I 

1 

I 

Top OF suMP/END CAP 



Well Detail Report for: MONO1 0766 2/25/9 8 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) '~epth 

LOCATION CODE: 0766 TOP GRAVEL PACK: 4801.27 43.5 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4787.27 57.5 

DAMAGED: No TOP OF SCREEN: 4797.57 47.2 

SURFACE ELEVATION: 4844.77 BOTTOM OF SCREEN: 4787.57 57.2 

BOTTOM ELEVATION: 4784.77 GRAVEL PACK LENGTH: 14.0 
TOTAL DEPTH: 60.0 SCREEN LENGTH: 10.0 

ZONE OF COMPLETION: ALLUVIUM CASING LENGTH: 60.7 

CASING-DIAMETER (in.): 2 

Lithology Details 

TOP - BOTTOM uscs - 
Elev w Elev w DESCRIPTION LITHOLOGY DESCRIPTION - - 

4844.77 0.00 4839.77 5.00 SAND, very fine grained to fine grained, reddish- 
yellow (5YR 616). 99% sand, 1% silt, well sorted, 
subrounded, dry. A few tiny black, yellow and red 
mineral grains. 

4829.77 15.00 4824.77 20.00 Same as above, a few small rounded pebbles up 
to 112 cm long, moist. 

4824.77 20.00 4802.77 42.00 Same as above, no pebbles and a few very tiny 
white and clear chips, sand yeliowish-red (5YR 
516). 

4802.77 42.00 4799.77 45.00 SAND, very fine grained to flne grained, yellowish- 
red (5YR 516). 98% sand, 2% clayey-silt, well 
sorted, subrounded, wet. A few black, red 8 
yellow mineral grains and a few tiny clear & white 
chips. 

4799.77 45 00 4784.77 60.00 Same as above, saturated. TO in Quat. 

Note: Depths are feet below grourid surface and elevations are feet below Mean Sea Level. 
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-ACTEC-ERS Borehole Summary 
2597 B 3/4 Road Page - 1 0 f 1 .  

r 'and Junction,. Colorado 81 502 
. . .  

'acility Grdndfunct iw  ,OfC;ce-  :S i teJJ)ondmenk v a l l e y  A e, Project UMTAA G r ~ ~ n d l j a j e r  

1 .ing/Well No. 76 7 
d ' 

Location (NI ,Z'/h/7/3 IEI 59/50+ 
:round Eiev. (Ft.1 4805. 4.5 Bit/Auger Size 75h"oD/3 5 "ID Hoie Depth (Ft) 65  

Diameter (inchl. D.) No. of Completions / 
TYPE . Vol. lcf, gal) Interval IFt.) Sfick-Up Height (Ft) 2,3- 

Hank Casing J'UC s c d .  40 2,' 0 to= Slot Size 9,3,/0 - 
;- een 9iedr)cfi PJL I, 4315 to g3.5 
8 np/End Cap PUC 5 ~ d  4 0  2 "  63.5 t o  M 
.and Pack 5 i l ; c a  S h d  /0-20 64 to 4/,5 

/ - palant PD5 $4 ,yo %F t o  
i U t  

3- 
p o l e  G o l d  Oenim;te  slorr~8,BFt 37.5 t o  z kzooCt -+ 

e a s t  
ocking Cover Installed @/ N Padlock No. 2 - 3  5 9  
rilling Method A Sampling Method ' 

i ? Drilled 7-2: Fluid LevellDate &,G3 f &,  to,^, / p-/~-39 
2 .~plerisl L. S o e n c c r  Remarks / 

Ocoth' 
1 1  
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20 -- 

-- 

* -- 

, 

Blawnl 
6' 

-- 

PI0 
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-- 
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r,.ileted By /&7 ~d/&) Verified By 

-- 

- 

-- 

- 

from 

-- 

-- 

Sample No.: 
lntarval 

JI : P I ~ %  rnoarurrd 

- 

WELL 
CONSTAUCTION 

,' < a . . . . 0 - 1 0  Sond, v e r  T t . n e 7 r a , r n r d  t ~ f " . q r , ~  rr A,.shqellurcr 
csm G/G,~ 9390 i q r i  /r. r . i t ,  & 52,- i d ,  S Y ~ I O V  

s);y&&/y mo;5ZC,  4 rei,, bl~<H,,.-'/, d n d Y c / / 4 k J  

G W H I C  
LOG 

w o  

- 

-- 

- 

. I .  .... 

. .. . . .  ..._ ;. .. . . .  .... 

DESCRIPTION 

I 

Required Information: i 
Typical name: Munsell color; percentage sand and gravel; sorting (poor 1 
to well); grain angularity; induration or plasticity; moisture content (moist I 
to saturated). 
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I 
WELLNO. 6 7 DATE F-2- 37 TIME /500 

I 

PLANNED INSTALLATION FINAL INSTALLATION S-, 
CASING DIAMETER 2 " 

C ' Pu) 1 

I 

CASING STICKUP HEIGHT 2.5 CASING STICKUP HEIGHT 

I 
TOP OF GROUT 2 - TOP OF GROUT I 

GROUT TYPE PO e Q ~ l d .  8% tun, ie I 1 

s l u r r y  

I 
1 

TOP OF PELLETS 37,s - TOP OF PELLETS 

SIZE OF PELLETS //+" 1 
I 

WATER ADDED TO PELLETS rJ~.ne 
(Gallons) 

I 
TOP OF FINE SAND @, 5- - TOP OF FINE SAND 

SAND SIZE /Gc 46' 1 
I 

TOP OF FILTZR SAND 4 / , 5  - TOP OF FILTER SAND 

FILTER SAND SIZE / o -zD  

TOP OF SCREEN 4 3 ,  5 TOP OF SCREEN 

TOP OF SLOTS 

TYPE OF SCREEN D / e d r , C ~ (  

SLOT SIZE 0.0/0 

BOTTOM OF SLOTS 

TOP OF SUMPIEND CAP G3,5 TOP OF SUMP/END CAP 



Well ~ e t a i l  Report for: MONO1 0767 2/25/9 8 

GENERAL INFORMATION SCREENING INFORMATION , 

SITE: MONUMENT VALLEY (MONOI) Elev Depth - 
LOCATION CODE: 0767 TOP GRAVEL PACK: 4764.95 40.5 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4741.45 64.0 

DAMAGED: No TOP OF SCREEN: 4761.95 43.5 

SURFACE ELEVATION: 4805.45 BOTTOM OF SCREEN: 4741.95 63.5 

BOTTOM ELEVATION: 4740.45 
GRAVEL PACK LENGTH: 23.5 

TOTAL DEPTH: 65.0 SCREEN LENGTH: 20.0 
ZONE OF COMPLETION: ALLUVIUM CASING LENGTH: 66.800 

CASING-DIAMETER (in.): 2 

Lithology Details 

TOP BOTTOM uscs 
-. 

Elev - - Elev DESCRIPTION LITHOLOGY DESCRIPTION 

SAND, very fine grained to fine grained, reddish- 
yellow (5YR 616). 99% sand, 1% silt. well sorted, 
subrounded, slightly moist. A few black, red and 
yellow mineral grains. 

4795.45 10.00 4790.45 15.00 Same as above. Yellowish-red (5YR 516) wet. 

4790.45 15.00 4785.45 20.00 Same as above, saturated 

4785.45 20.00 4775.45 30.00 Same as above, saturated, brown (7.5YR 514). 

SAND, same as above with 97% sand. 2% clay 
and 1% silt. A few tiny clear 8 white chips. 

SAND, very fine grained to fine grained, light 
brown (7.5YR 614). 99% sand. 1% silt, 
subrounded, well sorted. A few yellow, red and 
black mineral grains and a fevr tiny clear &white 
chips. 

SAND, same as above, light brownish gray (IOYR 
612) 97% sand, 2% clay. 1% silt 

SAND. same as above, brown (7.5YR 516). 99% 
sand, 1% silt TD in Quat 

Nole: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 
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ACTEC-ERS 
2597 B 3/4 Road 

.and Junction, Colorado 81502 

Borehole Summary 
p a w  _L of 1 

=acility G r ~ J , f v n c t i m  06Fr'cc, Site Mor?~~n?mf  dd ) leu; A£.  Project OM T4A &od,.d,&J e 

: r ingwel l  NO. 76 8 Location (€1 sso 931 

;round Elev. (Ft.) 48/7-92 BitIAuger Size ?%o,0,/3%-"1, a Hole Depth (Ft) 4 5 f k  
Diameter (inch I. D.1 ' No. of Completions / 

TYPE Vol. Icf. gal) Interval IFt.) Stick-UpHeight (Ft) 2,SO 
llank Casing PLIC scd.40 2" o t 0 2 e , q  Slot Size 0, O/D 
; een pac O;ed:icI( Z "  -to- 
, nplEndCap PVC s ~ A . 4 0  ' 2". 444  t o  4 G , o  
,and Pack 5; lica snnd / O - 2 0  

S, , ,LA  m 
-to- 

4 a n t  PDS Omta,Le > r $ e b  1g7~~~  -to% 2 2 . 5  

I u t  " P u r e  GGU"L, i m ,  ic s / ~ ~ , ~  4.4f tJ  ~ t o A  
ocking Cover Installed 0 1  N 'padlock No. 3353 
rilling Method A Qqer Sampling Method /dA 
; ? Drilled - 7  - 6 Date Developed - 8-tE-97 Fluld LevellDate /0,5$ f f f,q, I / ? -/Z-9 jL 
~ . . ~ p l e r l s l  

P-0th' 
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S O ~ , , , ~ ~ C  Remarks 

Sample No.: 
Interval 

y.+" 
$ 7  

WELL 
CONSTRUCTION 

a > . .  
. 1 .  

GRAPHIC 
LOG 

DESCRIPTION 

I 

Required Information: 
Typical name; Munseli color; percentage sand and gravel; sorting (poor 
to well); grain angularity; induration or plasticity; moisture content (msist 
to saturated). 
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WELL NO. 76 8 DATE 7-'F-9? TIME /g3/3 
PLANNED INSTALLATION FINAL  INSTALLATION^- A 

l d )  
CASING DIAMETER 2 " 

I 

CASING STICKUP HEIGHT ;?,go f k CASING STICKUP HEIGHT 

TOP OF GROUT 2 '$2 
,I 

GROUT TYPE Pore Gld "he &.,;A 
d o  r w 

1 

TOP OF PELLETS /7,3 
S I Z E  OF PELLETS ,ye" 

TOP OF F ILTER SAND 22.5- / - I TOP OF F ILTER SAND 

- 

WATER ADDED TO PELLETS u &-n & 
( G a l l o n s )  

TOP OF F I N E  SAND Z ), I 
SAND S I Z E  16 - 40 

FILTER SAND S I Z E  / 0 - 2 0  I I 

I 
TOP OF GROUT ! 

I 

- 

TYPE OF SCREEN n')i jcK 

SLOT S I Z E  o,o /o  

BOTTOM OF SLOTS 44,332 

I 

TOP OF PELLETS 

I 

- 

TOP OF SCREEX 

TOP OF F I N E  SAND 

TOP OF SUMP/END CAP 4-4,#2 H TOP OF SUMP/END CAP 

TOTAL DEPTH &so f$ ,  



Well Detail Report for: MONO1 0768 2/25/98 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONO?) Elev Depth - 
LOCATION CODE: 0768 TOP GRAVEL PACK: 4796.82 21 .I 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4772.92 45.0 

DAMAGED: No TOP OF SCREEN: 4793.52 24.4 

SURFACE ELEVATION: 4817.92 BOTTOM OF SCREEN: 4773.52 44.4 

BOTTOM ELEVATION: 4772.92 GRAVEL PACK LENGTH: 23.9 
TOTAL DEPTH: 45.0 SCREEN LENGTH: 20.0 

ZONE OF COMPLETION: ALLUVIUM CASING LENGTH: 47.810 

CASING-DIAMETER (in.): 2 

Lithology Details 

TOP - 
Elev - 

BOTTOM uscs - 
Elev @ DESCRIPTION - 

4812.92 5.00 

LITHOLOGY DESCRIPTION 

SAND, very fine grained to fine grained. 
Yellowish-red (5YR 516). 99% sand, 1% silt. well 
sorted, subrounded, moist. A few black, red 8 
yellow mineral grains. 

Same as above 

Same as above, wet. A few white 8 clear chips, 
very small. 

Saturated, same as above. 

Same as above, yellowish-red (5YR 416). 

Same as above. Yellowish-red. (5YR 516). 

Same as above, pink (7.5 YR 7/41 Sl[ghtly sticky. 
97% sand, 2% clay, 1% silt. TD in Quat 

Note: Depths are feet below ground surface and elevations are feel below Mean Sea Level. 
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IACTEC-ERS Borehole'Summary 
2597 B 3/4 Road Page _L of 1_ 

rand Junction, Colorado 81502 r; .~~ ,. , .. . . 

'acility Grmdfuncb,;m O F F i c c r  Site M a  o o r n e m t  i/a / ley I A 2. Project (lMTRA G r o u d a t e r  

r i ngwe l l  No. 3 6 9 Location IN) 2 159804 [El 588& 
;round Elev. (Ft.) 4g.5B-31 BitlAuger Size 3 %' $,~,D,/J%"s,D. Hole Depth (Ft) 44 8 

Diameter (inch I. D.) ' No. of Completions / 
TYPE Vol. (cf. gall Interval (Ft.) Stick.Up H e i ~ h t  (Ft) 2, gr5- 

lank Casing P K  S r d , + O  2 - 0 to & Slot Size D , 0 / 0  
een f $ L  O;rdr;cri Z ~ t ? z i % &  Localion s~otch  

np1End Cap , PCL .k6/. 4 c  2. 4 t o  44,u 

, . and Pack' 's; / ; r e  /0-,?0 + o to & *  r C'z- 
-- ant ,705 &:b;tc pclhi5 '32%" & t o  53' 

U t  &$h,ie ~ / o i r l (  8,6 f k J  aLtOL A ' ~ ~ ~ 5 .  
xk ing  Cover Installed @ I N  Padlock No. 3359 
filling Method t;/c/&- Sampling Method ' 

5 Drilled 3-8'-37 Fluid LevelIDate 36,/$ f;t bqJ e / 7-  12 -92 
b~~lpler ls)  
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GRAPHIC 
LOG 

5. P 

...I; 

DESCRIPTION 

I 

Required Information: 
Typical name: Munsell color; percentage sand and gravel; sorting (poor 

to saturated). 

i to well); grain angularity: Induration or plasticity; moisture content (moist I 
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WELLNO. 76 3 7-8-39 . . -. , . . DATE 
. TIME /+& I 

I 
PLANNED INS~TALLATION 

J!' : I $  #I FINAL INSTALLATION~,-M' u) ' 
~ ~~ CASING DIANETER 2 

CASING STICKUP HEIGHT 2, W P k ,  

TOP OF GROUT 2 

r I I ,  

GROUT TYPE Pdc Go& B-, &,'& 

s l d r v *  

TOP OF PELLETS 2 7'7 

I OF P ~ L L E T S  $",,nd 
WATER ADDED TO PELLETS <4a//c71S 

( G a l l o n s )  

TOP OF FINE SAND 20,4 
SAND S I Z E  /6.4-C) 

TOP OF F I L T E R  SAND 3/,4 

FILTER SAND S I Z E  /0-20 

TOP OF SCREEN 3 3 , 9  

TOP OF SLOTS 73.6 

TYPE OF SCREEN D;edriG)/ 

SLOT S I Z E  0,010 

43* 3 BOTTOM OF SLOTS 

TOP OF SUMP/END CAP 43,4 

BOTTOM OF SUHP/EE:D CAP &+,0 

TOTAL DEPTH 4.4.0 
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TOP OF F INE SAND 

TOP OF F ILTER SAND 
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TOP OF SCREEN , , 

TOP OF SUMP/END CAP 

I 

BOTTOM OF SUMP/END CAP 



Well Detail Report for: MONO1 0769 2/25/98 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) Elev Depth 
LOCATION CODE: 0769 TOP GRAVEL PACK: 4827.91 30.4 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4814.31 44.0 

DAMAGED: No TOP OF SCREEN: 4824.91 33.4 

SURFACE ELEVATION: 4858.31 BOTTOM OF SCREEN: 4814.91 43.4 

BOTTOM ELEVATION: 4814.31 GRAVEL PACK LENGTH: 13.6 
TOTAL DEPTH: 44.0 SCREEN LENGTH: 10.0 

ZONE OF COMPLETION: ALLUVIUM CASING LENGTH: 46.99 

CASING-DIAMETER (in.): 2 

Lithology Details 

TOP - BOTTOM uscs - 
Elev w - Elev w DESCRIPTION LITHOLOGY DESCRIPTION - 

4858.31 0.00 4853.31 5.00 SAND, very fine grained to tine grained, reddish- 
yellow (5YR 616). 99% sand. 1% silt, well sorted. 
subrounded, dry. A few red, yellow and black 
mineral grains. 

Same as above, slightly moist. A few pebbles 
(5%) up to 2 112 cm long. 

4848.31 10.00 4838.31 20.00 Same as above, moist. 

4838.31 20.00 4818.31 40.00 Same as above, no pebbles. yellowish-red (5YR 
516). 

4818.31 40.00 4815.31 43.00 Same as above, saturated. A few small pebbles. 

SANDSTONE, fine grained yellow (IOYR 716). 
Note: Drilling got very hard @ 43 Ft in depth. 
Collected a small sample of yellow ss from the 
center plug bit when the center rod was pulled to 
surface. TD in Shinarump 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 
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'IACTEC-ERS 
2597 B 3/4 Road 

rand Junction, Colorado 81502 

Borehole Summary 
Page 1_ of _L 
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I 
TOP OF SCREEN 54 ,3  TOP OF SCREEEl , 

TOP OF SLOTS 55. 

TYPE OF SCREEN h>~edr,c;/f.  ! 

SLOT S I Z E  0,010 

BOTTOM OF SLOTS 64, 8 n t  
! 

TOP OF SUMP/END CAP 6&,9 TOP OF SUHP/END CAP ! 

I 
BOTTOM OF SUMP/EE:D CAP 65,5 BOTTOM OF SUNP/END CAP I 

TOTAL DEPTH 65; 5 

I 
WELLNO. 3 ?O DATE 7-3-37 TIME / 2 3 0  

I 
PLANNED INSTALLATION FINAL INSTALLATION (s- M pq 

CASING DIAMETER 
" 

CASING STICKUP HEIGHT 2,B F b, 

TOP OF GROUT 2 
1 \ 

GROUT TYPE f3LJr~ ~ 0 1 d "  

b~ t h ,  Le s I ~ i r  0 

TOP OF PELLETS 48, $ 

S I Z E  OF PELLETS y&/' T O L ) / l d  

WATER -ADDED TO PELLETS l \ i ~  n e 
( G a l l o n s )  

TOP OF F I N E  SAND 5-1, 8 
SAND S I Z E  16-40 

TOP OF F I L T E R  SAND 5 2 ,  8 
FILTER SAND S I Z E  /O-ZO 
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Well Detail Report for: MONO1 0770 2/25/98 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) Elev Depth 

LOCATION CODE: 0770 TOP GRAVEL PACK: 4802.58 51.8 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4788.88 65.5 

DAMAGED: No TOP OF SCREEN: 4799.48 54.9 

SURFACE ELEVATION: 4854.38 BOTTOM OF SCREEN: 4789.48 64.9 

BOTTOM ELEVATION: 4788.88 
GRAVEL PACK LENGTH: 13.7 

TOTAL DEPTH: 65.5 SCREEN LENGTH: 10.0 
ZONE OF COMPLETION: ALLUVIUM 

CASING LENGTH: 68.380 

CASING-DIAMETER (in.): 2 

Lithology Details 

TOP - BOTTOM uscs - 
Elev - - Elev DESCRIPTION LITHOLOGY DESCRIPTION 

4854.38 0.00 4849.38 5.00 SAND, very fine grained to fine grained, reddish- 
yellow (5YR 616). 99% sand. 1% silt. well sorted, 
subrounded, dry. A few tiny red, yellow and black 
mineral grains. 

, 

4849.38 5.00 4844.38 10.00 Same as above. 

4844.38 10.00 4829.38 25.00 Same as above, moist. A few white & clear chips, 
very tiny. 

4829.38 25.00 4824.38 30.00 Same as above 

Same as above, yellowish-red (5YR 516). Slightly 
more moist. 

Same as above. 

Same as above, saturated 

Same as above, slightly sticky. 

Same as above. 

Same as above, gravel (<1%1 up to 2 cm long 
mostly flne grain ss pebbles 

Note: Depths are feet be low ground surface arid elevations are feet below Mean Sea Level. 



Well Detail Report for: MONO1 0770 2/25/9 8 

TOP - BOTTOM USCS 
Elev Depth - - Eiev DESCRIPTION LITHOLOGY DESCRIPTION 

4791.38 63.00 4788.88 65.50 Weathered rock. Note: Drilling slowed to 
practically nothing @ 6365 Ft. TD in Shinarump. 

Note: Depths are feet below ground surface and elevations are feel below Mean Sea Level. 



ACTEC-ERS 
2597 B 3/4 Road . 

,and Junction, Colorado 81502 

Borehole Summary 
Page _L of 

, . .  . . . . ~ .  
acility G ~ n d j ; n ~ t , . ~  O f f ~ - c c ;  site ~ i u m e n f  ui/)ey . A Z. Project J M T R A  (;,,,~df, 

. ingNel l  NO. ? 7 / Location IN) -2/59742 (EI 588575 

{round Elev. (Ft.1 4$60,77 BitIAuger Size 7G1h0,/3 3 /e ' :~ .&  , ~ . . Hole Depth (Ft) 7.9 
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PLANNED INSTALLATION 

CASING DIAMETER 2 " 

CASING STICKUP HEIGHT z,60 fi 

TOP O F  GROUT 2 

GROUT TYPE p 05 Rpni4 ; ie  

c)uriy 

TOP O F  PELLETS 5), 0 

' / 4 ' ' r 0 q n d  S I Z E  O F  PELLETS 
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WATER -ADDED TO PELLETS ++& ndoe 
( G a l l o n s )  

TOP OF F I N E  SAND - 5 4 , 3  
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TOP OF F ILTER SAND 55, 5- 

FILTER SAND S I Z E  10-20 

TOP OF SCREEN 5 4 
TOP OF SLOTS 57,6 
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SLOT S I Z E  D , O / D  
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j 

TOP OF SCREEN 1 
I 

I 
I 
I 

I 

TOP OF SUWP/END CAP , 
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TOTAL DEPTH 79,0 
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Well Detail Report for: MONO1 0771 2/25/98 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) Elev Depth - 
LOCATION CODE: 0771 TOP GRAVEL PACK: 4806.47 54.3 

DECOMMISSIONED: No. BOTTOM GRAVEL PACK: 4782.77 78.0 

DAMAGED: No TOP OF SCREEN: 4803.37 57.4 

SURFACE ELEVATION: 4860.77 BOTTOM OF SCREEN: 4783.37 77.4 

BOTTOM ELEVATION: 4781.77 
GRAVEL PACK LENGTH: 23.7 

TOTAL DEPTH: 79.0 
SCREEN LENGTH: 20.0 

ZONE OF COMPLETION: ALLUVIUM 
CASING LENGTH: 80.49 

CASING-DIAMETER (in.): 2 

Lithology Details 

TOP - 
Elev - 

4860.77 0.00 

BOTTOM uscs - 
Elev DESCRIPTION - 

4850.77 10.00 

LITHOLOGY DESCRIPTION 

SAND, very fine grained to fine grained, reddish- 
yellow (5YR 616). 99% sand, 1% silt, well sorted, 
subrounded, dry. A few tiny red, yellow and black 
mineral grains. 

Same as above. 1% pebbles, subrounded, up to 
1 1R cm long. Moist. 

Same as above, no pebbles, moist 

Same as above, yellowish-red (5YR 516) 

Same as above, saturated. A few tiny clear 8 
white chips. 

No returns 

Same as above, slightly sticky 

No returns. 

Same as above, sand, fine grained, yellowish-red 
(5YR 516). Saturated. slightly sticky. 

Note: Deplhs are feet below ground surface and elevations are feet below Mean Sea Level. 



Well Detail Report for: MONO1 0771 2/25/9 8 

TOP Em-rOM USCS 
Elev Depth - Elev DESCRlPT1ON LITHOLOGY DESCRIPTION - 

4790.77 70.00 4781.77 79.00 Same as above, reddish-brown (5YR 514). Note: 
Same clayey-sand and a few subrounded pebbles 
up to 2cm long were stuck in the auger bit when R 
was pulled from the ground. Suspect it came from 
a gravel and clayey layer overlying the bedrock. 
TD probably weathered Shina~mp. 

Note: Depths are feet below ground surface and elevations are feel below Mean Sea Level. 



IACTEC-ERS 
2597 B 3/4 Road 

rand Junction, Colorado 81502 

Borehole Summary 
Page 1 of 
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,> . . . . . . .  
-, _- - . . . .  . . . . . .  . . . . . . . . . .  . . . . . . .  ........“ 
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, - - , . , _ - . . .  - . -  
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WELLNO. 7 72 DATE 7- /0 -9?  TIME /Go0 
PLANNED INSTALLATION 

. . .  . . FINAL INSTALLATIONG- i+) 
CASING DIAMETER 2 " 

i 
CASING STICKUP HEIGHT 2 , B  .fk, CASING STICKUP HEIGHT 

I 

I 

I 
TOP OF GROUT / f ' f ,  - TOP OF GROUT 

. . .. . 
I 

GROUT TYPE 'pole G~ld''i3c, &;& 

s / ~ r r <  
J 

I 
1 

TOP OF PELLETS 2 - TOP OF PELLETS 

S I Z E  O F  PELLETS ?& I: 
,-, 

WATER ADDED TO PELLETS 5 
( G a l l o n s )  ~ 

! 
TOP OF F I N E  SAND 4-,4 - TOP OF F INE SAND 

I 
SAND S I Z E  /& -4 I 

I 

TOP OF F I L T E R  SAND 64- - TOP OF FILTER SAND 

FILTER SAND S I Z E  ,ID-ZD 1 I 

TOP OF SCREEN 7'4 - TOP OF SCREEN ! 
TOP OF SLOTS .2!Li- 

F S  

S E  

1 
TYPE OF SCREEN Q;edr;G~ ! 

= --  
3 0 

= SLOT S I Z E  O,OjD - - 
= = - - 
= - - -  

BOTTOM OF SLOTS 2 7,3 = - - - ! 

TOP OF SUMP/END CAP 27.4 TOP OF SUMP/END CAP 

- I BOTTObI OF SUbIP/EEiD CAP 28 8 BOTTON OF SUHP/END CAP 

TOTAL DEPTH 30. o 



Well Detail Report for: MONO1 0772 2/25/98 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) Elev Depth 

LOCATION CODE: 0772 TOP GRAVEL PACK: 4840.27 4.4 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4816.67 28.0 

DAMAGED: No TOP OF SCREEN: 4837.27 7.4 

SURFACE ELEVATION: 4844.67 BOTTOM OF SCREEN: 4817.27 27.4 

BOTTOM ELEVATION: 4814.67 GRAVEL PACK LENGTH: 23.6 
TOTAL DEPTH: 30.0 SCREEN LENGTH: 20.0 

ZONE OF COMPLETION: ALLUVIUM CASING LENGTH: 30.930 

CASING-DIAMETER (in.): 2 

Lithology Details 

TOP 
Elev Depth 

4844.67 0.00 

BOTTOM uscs - 
Elev DESCRIPTION - 

4839.67 5.00 

LITHOLOGY DESCRIPTION 

SAND, very fine grained to fine grained, reddish- 
yellow (5YR 616). 99% sand, 1% silt, subrounded. 
dry. A few tiny yellow red, and black mineral 
grains. 

Same as above, wet, yellowish-red (5YR 516) 

Same as above, saturated A few tiny white & 
clear chips. Slightly sticky. 

Same as above 

Same as above. Note: Driller felt gravel while 
drilling. 

Weathered SANDSTONE from the way it drilled 
TD in Shinarump. 

Note: Deplhs are feet below ground surface and elevations are feet below Mean Sea Level. 
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ACTEC-ERS 
2597 B 3 /4  Road 

,and Junction, Colorado 81502 

Borehole Summary 
Page I of 

;acility crmd $jnct, in d 6f12e- Site Mmu-2 d o  l)ey , F\z, Project pM740 ~ro~.,dk/bier 

i ring/Well NO. T.5 ~oca t ion  (N) dl5890/ (€1 est, 587./+ 

;round Hev. ( ~ t , ) e s f  4$7$ BitlAuger Size 7 ' ) ~ 0 . ~ ) ~ ~ $ . o  Hole Depth (Ftl 
Diameter (inch I. D.) No. of Completions 
Vol. (cf, gall Interval (Ft.) Stick-Up Height (Ft) 

lank Casing t o -  
een - to - 
nplEnd Cap 

and Pack 
--lam 

U t  

3cking Cover Installed Y I N Padlock No. h/ A 
rilling Method Adpr ~ a m p l i n 5  Method 

s Drilled 7-I/-9;z Date Developed hl A Fluid LevelIDate LW 7-1 4 7  
&L,lpleris) 1 ,  5,-C,c Remarks D F A  bo1tn.i 2% bedr6cK 

II  :pthr measured lrom orou 

r,,,leted By Verified By 

P-9th '  
1 1  

n 

10 

ZO 

2 -  

1 7 ' - -  

4s. 
-- 

-- 

-- 

Blows/ 
6.. 

-- 

-- 

-- 

-.TO. 

-- 

PI0 
ppm 

- 

- 

- 

- 

-- 

- 

-- 

- 

Sampla No.: 
lntawal 

- 

-- -- 

- 

-- 

- 

-- 

- 

-- 

- 

- 

WELL 
CONSTRUCTION 

- 

! 
i 

G W H I C  
LOG 

\ ~ . .  . . . 
" . -  
, .  < . . .  . . .  . . . . .  
. , -  

. - . . . . .  

. . . -  . . . 
. \  - 

. ,  . 
, . . .  
~. . 

- ' ' . . .. . . .. . . . . .  ., . . .  . . - .  .. . .. - ~ ~ . . . .  . .. . . . . .. .. ,... - 

DESCRIPTION 

i 
Required Information: 
Typical name: EAunsell color; percentage sand and gravel; sorting (poor I 
to well); grain angularity; induration or plasticity; moisture content (moist I 
to saturated). ! 

6-5 Sccd, v e r y  rir,e 7 r a , n p d  do Cn. 7i. r e d d j h  o/)o'r.(5Y!? 619 
~ u e l  93% urrrd 1% r ; i &  & r r r  k4 r r  b r r v ~ i d , d t ~ j ,  

A &d ~ i d c f i , , . C ~ O , / F / / o ~  m , n r i u d  grr,o>. 
- 2  5-,~ a> br . , r . ,  mois j 
Z C . ~ 5  5c,.,eu, 4 b u i ~ ,  Y Z ~ L , , ?  br6.m (7/s-yd *-/g 
26-48 g ~ m e  gi o h u s ,  6 r c j n j 5 4  y e / / ~ ~ ~  ( / D Y R  6/G) 

4-8-44 5-e os 0 6 c & ,  y c / l o u t ~ h  r r d  C5f4 ~)cl;> /go 
- 5 c f t  s ; / $ s & - e  p e b b l r r  v p t ~  / c m  imp 

41-46- W A ,  brArrr t f  jdc - )e t cr i for /12 bur. 

i 
! 

! 

i 
! 
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ACTEC-ERS 
2597 B 3/4 Road 

,and Junction, Colorado 81502 

.. ,:. . .  ~. :;.!'tl,:<,+ . . . - 
~ ~ 

. .. .. ~. .~. 
~. 

. . Borehole Summary 
Page of  / 

~ ~ 

. -  

Project UMIf lA Gradndl;(Jer 

.ing/Well NO. '774 ~ocat ion (NI 2/5890/ (E) 587% 

round Elev. (Ft.) 4877.39 BitlAuger Size 765,~,/3 3/9'>,0, Hole Depth IFt) $G d 
Diameter (inch I. D.) ' No. of Completions j 

TYPE . Vol. (cf. gall Interval (Ft.) Stick-Up Height (Ftl 2.3 
:ank Casing fLC 5 4  4 C  Z" 0 to 45 Slot Size &,&ID 

e e n  P d i -  O i d i c t l  2" 45 to 55 
W E n d  Cap POL 54. 40 2" 55 to 554 

md. Pack 5; );<a 16-20 -664- to 4  to$- .=!ant !oS r x h + ~ ~ $ a p c r ~ i ~  y*?-'O 
~t Fvre 60ilib''~~+rl~;~~~/~~,~ &?,6 f t 3 39 t o  2 2P4 2?3 6 I 9  

~clt ing Cover Installed @ I N  Padlock No. 3359 
illing Method NO) )OLI  s+% 404e r  Sampling Method . S ~ ) ; t s ~ c a n  
: ? Drilled 7-11-3~ Date Developed - 8-20-92 ~ l u i d  LevellDate 46,17- f t f. ci. I / 7-12-9 'F 
. . ~ l e r l s  1. S m r e r  Remarks / 

I prhr rnaasurad from orou 

Verified By 

hsth' 
, s 

0 

16 

0 

, - 

- 
-- 

-- 

-- 

-- 

Blows/ 
6' 

-- 

-- 

-- 

-- 

-fa 53g-5y&) 

PID 

p p y  

- 

- 

-- 

- 
b d  

-- 

- 

-- 

- 

Sample No.: WELL GRAPHIC DESCRIPTION 
lntowal CONSTRUCTION LOG 

Required Information: 
Typical name; Munsell color; percentage sand and gravel; sorting (poor 

-- 

-- 

- 
! 

-- 

- I 
I 1 
I 
i 



WELL NO. 774 DATE 7-11-37- TIME / 700 hr, 

PLANNED INSTALLATION 
CASING DIAMETER 2 ' I  n I 
CASING STICKUP HEIGHT 2,3 f 5; 

TOP OF GROUT 2 

TOP OF PELLETS 3 9 , ~  
I1 SIZE OF PELLETS r o o n d  

WATER ADDED TO PELLETS 5 
( G a l l o n s )  

TOP OF F I N E  SAND 

S A N D S I Z E  (6-4-4 
TOP OF F I L T E R  SAND 43,0 

FILTER SAND S I Z E  /D-,?O 

TOP OF SCREEN qLq 0 

TOP OF SLOTS 4g.2 

TYPE OF SCREEN Oj&rlc// 

BOTTOM OF SLOTS $4 9 

CASING STICKUP HEIGHT 
1 

TOP OF GROUT ! 

TOP OF PELLETS 

I 

I TOP OF F I N E  SAND 

I TOP OF F ILTER SAND 

_ 1 TOP OF SCREEN 

TOP OF SUMPjEND CAP 4-x 0 ii' TOP OF SUMP/END CA? 

BOTTOM OF SUMP/EEiD CAP 55;  4 u BOTTON OF SUMP/END CAP 

TOTAL DEPTH 65,5 fk, 



Well ~ e t a i l  Report for: MONO1 0774 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONO?) Elev Depth 

LOCATION CODE: 0774 TOP GRAVEL PACK: 4835.39 42.0 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4821.99 55.4 

DAMAGED: No  TOP OF SCREEN: 4832.39 45.0 

SURFACE ELEVATION: 4877.39 BOTTOM OF SCREEN: 4822.39 55.0 

BOTTOM ELEVATION: 4821.89 GRAVEL PACK LENGTH: 13.4 
TOTAL DEPTH: 55.5 SCREEN LENGTH: 10.0 

ZONE OF COMPLETION: ALLUVIUM CASING LENGTH: 58.150 

CASING-DIAMETER (in.): 2 

L i tho logy  Detai ls 

TOP BOTTOM uscs - 
Elev Depth - Elev DESCRIPTION LITHOLOGY DESCRIPTION - 

SAND, very fine grained to fine grained, yellowish 
red (5YR 5/6), 99% sand 1% silt, well sorted. 
subrounded, slightly moist. A few (1% or less) 
pebbles up to 112 cm. long. Afew tiny red, yellow 
and black mineral grains. 

4857.39 20.00 4842.39 35.00 Same as above, reddish yellow, (7.5YR 716) moist. 

Same as above, brownish yellow. (IOYR 616) no 
pebbles, moist. 

Same as above, yellowish red (5YR 516) no 
pebbles, moist. 

4832.39 45.00 ,4827.39 50.00 Same as above, more moist. ', \ 

4827.39 50.00 4826.39 51.00 Same as above 

4826.39 51.00 4824.39 53.00 Driller felt gravel layer just above bedrock 

4824.39 53.00 4822.39 55.00 Same as above 

4822.39 55.00 4822.19 55.20 Slough 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 



Well Detail Report for: MONO1 0774 

TOP - BOTTOM USCS 
Elev Depth - Elev DESCRIPTION LITHOLOGY DESCRIPTION 

4822.19 55.20 4821.89 55.50 SILTSTONE, dark reddish brown (5YR 314). thin 
layer of brown (10YR 513) siltstone 2mm thick. A 
few angular pebbles up to 2 cm. coated w/ 
calcium carbonate? A few tiny iridescent flakes. 
TD probably Moenkopi. 

Note: Depths are feet below ground surface arid elevations are feet below Mean Sea Level. 



'ACTEC-ERS 
2597 B 3/4 Road 

rand Junction, Colorado 81502 

Borehole Summary 
. P a g e L  of 2 

=acility L;'rand&ncf;q 0 5 . f i c e  site ~VIonurnm? Qd/lf i  2, Project UhITRA G ~ D L ~  ndu! {er 

7 75 
8 o t a c 8 - t r ; c m c  + ~ v ~ i ~ ~ 1 2 3 - 1 6 ? ~ t l  ftJ C ' a I ?  

1 ringlWell No. C b r e  3,032 "(~23-/&7.~fi~) LOdgtion (N) d/5952/ (El 58796.5 

- /22,5 do s n r o p l e  

.I1 :pthr measured (,om orou 

n,oleted By Verified By 

~ - -  

;round Elev. IFt.) 4 8 76 ,s/ BitlAuger Sire /O!iJ~. 016 y!'i.a c0'~-"3fi> Hole Depth (FtJ 
Diameter (inch I. D.) N O  of ~ o r n p l e t i o n s ' ~ ~ j  

TYPE Vol. (cf. gal) Interval 1Ft.J ' Stick-UpHeight (Ft) 3 .4  
:lank Casing PVC &A 4 4  t t  

I I 
o to kuL 

, een PL'T RiedrirX & t o A 3 L  
7 nplEnd Cap P$c s,A. 40 = t o m  

and Pack 5, l i c a  SO& /D -20  
1 6 - 4 0  

J.LizLto139.3 
--lam n32:fi2>211~t, / = t o m  

u t  PD-5 &oi!m;ie 6 / d r c r l  L7.Z $5: 
acking Cover Installed @I N " Padlock No. 3359 
rilling Method &,$A Sampling Method / b f f  ccc~e barrel 
; ? Drilled 3 -23 -9 ~ l u l d  LevellDate 4$,4Pf& f c ~ .  / 3-30-3~ 0.0. 
at81pler(sl ~ a r i c c  Spencer Remarks &563' /6ire/r~aios'frcm I f o o r o b a v r  4 r ~ i n d  l r v r l  

0 I Z J .  P f e e t .  W e l d e d  l a  +t. s r c t t e . ~ s  r e m F n  rd 
P-xh' 
I I 

Blows1 
6.. 

PID 
ppm 

Sample No.: 
f n t a ~ d  

WELL 
CONSTRUCTION 

GRAPHIC 
LOG 

DESCRIPTION &z $ft. bortom 



'.. & 
, - .. ~~, . - . . . . ~ . .  . - ~. . 

': .- '- . .j 
. -~ - . . .  -. . : .- ~ ..~~. . 

JWLL NO. 7 -3.5 DATE 7-23 -9 7- TIME / 3a0 
1 

PLANNED INSTALLATION FINAL I N ~ A L L A Z ~ ~ ~ , ~ . + ~ )  
!I 

CASING DIAKETER 2 
1 

.. 
GROUT TYPE PD-s am i -, LC, 

CASING s T I c K u p  HEIGHT i& I 

TOP OF PELLETS 135',0 - 

SIZE OF PELLETS '/.+" rorrnd 

WATER ADDED TO PELLETS -& 
(Gallons) 

CASING STICKUP HEIGHT 

TOP OF F I N E  SAND - ' 13 8 .4  

SAND SIZE I6 - 4 0  

TOP OF F I L T E R  SAND 13.9, 7 
FILTER SAND S I Z E  /O-ZO 

TOP OF SCREEN /42,0 

TOP OF SLOTS 14.2 1 16 

TYPE OF SCREEN Oiedrjcf 

SLOT S I Z E  L'~O/o 

BOTTOM OF SLOTS 1669 

TOP OF PELLETS 

- 

TOP OF F INE SAND 

j 

TOP OF GROUT . .  1 

I 
! 

TOP OF FILTER SAND 

TOP OF SCREEN 

TOP OF SUMP/END CAP /6%0 TOP OF SUMP/END CAP 

u BOTTOM OF S U ~ I P / E H D  CAP /63,5 BOTTON OF SUMP/EHD CAP 
! , . 

TOTAL DEPTH /6&g 



Verified By 



Well Detail Report for: MONO1 0775 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) Elev Depth 
LOCATION CODE: 0775 TOP GRAVEL PACK: 4738.11 138.4 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4709.01 167.5 

DAMAGED: No TOP OF SCREEN: 4734.51 142.0 

SURFACE ELEVATION: 4876.51 BOTTOM OF SCREEN: 4709.51 167.0 

BOTTOM ELEVATION: 4708.71 
GRAVEL PACK LENGTH: 29.1 

TOTAL DEPTH: 167.8 
SCREEN LENGTH: 25.0 

ZONE OF COMPLETION: DECHELLEY 
MEMBER OF THE CASING LENGTH: 170.67 

CUTLER 
FORMATION 

CASING-DIAMETER (in.): 2 

Lithology Details 

TOP - 
Elev @ - 

4876.51 0.00 

BOTTOM uscs - 
Elev DESCRIPTION - 

4866.51 10.00 

LITHOLOGY DESCRIPTION 

SAND, very fine grained to fine grained, reddish- 
yellow (5YR 616). 99% sand. 1% silt, well sorted, 
subrounded, dry. A few tiny orange, yellow and 
black mineral grains. 

Same as above, moist 

Same as above, with fewer than 1% pebbles up to 
lc rn  long. 

Same as above, yellowish-red (5YR 516). A few 
tiny clear & white chips. 

SAND, fine grained, pink (7.5 YR 714). 98% sand. 
1% silt. 1% small ss pebbles [up to 5mm long) 
loosely cemented with white material, 
subrounded, well sorted, dry A few black, red 
and yellow mineral grains. 

Same as above. reddish-yelloisi (7.5 YR 716). Not 
so many cemented pebbles, sl~ghtly moist. 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 



Well Detail Report for: MONO1 0775 2/25/98 

TOP - BOl-rOM VSCS 
Elev Depth - Elev DESCRIPTION LITHOLOGY DESCRIPTION - 

4831.51 45.00 4821.51 55.00 SAND, fine grained, brownish-yellow (10YR 616). 
99% sand, 1% silt, well sorted, subrounded, 
slightly moist. A few red, yellow and black mineral 
grains. Afew tiny clear 8 white chips. 

4821.51 55.00 4816.51 60.00 Same as above, yellowish-red'(5YR 516) Wet. 

Same as above, Saturated. 

Same as above. Less than 1% tiny (up to 2mm) 
pebbles, reddish-brown SILTSTONE. 

No sample. 

4755.01 121.50 4754.51 122.00 Driller suspected weathered bedrock. 

Very hard. Suspect Bedrock. Hoskinninl Member 
of Moenkopi Fm. 

4753.51 123.00 4753.43 123.08 SANDSTONE, very fine grained to fine grained. 
reddish-brown (2.5YR 414). 100% ss, 
subrounded, saturated. A few tiny white, yellow 
and green cherts. Hematite and limonite. Staining 
in very small concretions A few iridescent grains. 
Red, yellow and black mineral grains. 

SANDSTONEISILTSTONE lenses. Fine to 
coarse sand grains @ 20 degree angle. 

4753.38 123.13 4753.23 123.28 SS. Fine grain. Same as above. 

SILTSTONE lense, brown, almost an inch thick, 
bedded @ 40 degree angle Some mixed fine 
grained to medium grained sand grains. 

SS, conglomerate of grains from very fine to 
coarse grained. 

4752.8 123.71 4752.73 123.78 Lost 

SILTSTONE with fine to medium grained sand 
grains, brown (25YR 414). 

SILTSTONE with a few fine to medium grain. ss. 
grains up to 5mm thick @ 45 degree angle. 

SS. 80% white cementation of quartz grain, a few 
reddish-brown grains. 

4752 68 123.83 4752.67 123.84 SILTSTONE 45 degree d~p .  4mm wide lense. 

4752 67 123.84 475261  123.90 SANDSTONE, fine grained with 60% white 
cementation of reddish-brown sand grains. 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 



Well Detail Report for: MONO1 0775 

TOP - 
Elev - 

4752.61 123.90 

EiOl-rOM 
Elev DESCRIPTION - 

4752.3 124.21 

LITHOLOGY DESCRIPTION 

SANDSTONE, very fine grained to fine grained 
reddish-brown (2.5 YR 414). 100% ss., 
subrounded, saturated. Some white cementation, 
fairly loose between sand grains, calcium 
carbonate? 

Same as above with fine to medium grain, sand 
grains. 

Same as above, but very tine to finegrain (see 
123.0-123.08 above). 

Lost. 

Same as above, very fine to fine grained ss 

SS medium to coarse grain with some siltstone, 
reddish-brown (2.5YR 414). Wet. 

SS very fine grained to fine grained. Pinkish- 
white (5YR 812). Calcium carbonate 
cementation? Crossbedded. DeChelly SS. 
Member of Cutler Fm. 

SS. Yellowish-red (5YR 416). Very fine to fine with 
a few medium grains. Red, yellow and black 
grains, limonite concretions (very tiny), wet. 
Crossbedded. 

Note: Lost circulation. 

SANDSTONE, very fine grained to fine grained, 
yellowish-red (5YR 416). 100% sand. well sorted. 
subrounded, wet. Weakly cemented with calcium 
carbonate? Eolian sand. Mostly quartzose, sand 
grains with limonite or hematite staining. Small to 
tiny balck mineral grains and clustersof grains 
(biotite). 

SANDSTONE, very fine grained to fine grained, 
pink (7.5YR 714). 100% sand, poorly sorted. 
subrounded, wet, quartzose sand with no iron 
oxide staining, however, very tiny l~monite stained 
concretions. A few red mineral grains, black 
biotite grains and greenish gray minerals, chert? 
Crossbedded. 

Same as 143.5-165.9. Td in DeChelly Sandstone 
Member. 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level. 



8ACTEC-ERS 
2597 B 3/4 Road 
-;rand Junction, Colorado 81502 

Facility Grf indS~nc ti- OFficc Site Nunumen f V 6 / / ~ 6 f ,  A z. Project uA()~b Gro'rrdW* +- 
core  ~ , ~ $ P ~ D / I . . H ~ J O .  o - / S o * l $ f t ,  

)ringM/ell No. 376 Rotarq 6V+"Sri-cmrb*l4on 8-08' Location (Nl 2 158791 (E) 587590 
Ro he; 3 % " m ; 1 l f p r f L  O-lCOkO 

Ground Elev. (Ft.) 4880. 43 BitIAuger Size Hole Depth [Ft) /50,/.5 
Diameter (inch I. D.1 No. of Comoletions I ~ ~ r ~ - - ~ - - . -  

TYPE 
-_I___ 

Vol. (cf, gal) Interval (Ft.1 Stick-Up Height [Ft) 
0 I t  

L890 
Blank Casing PuC S 4 . 4  o 0 t o 3 3 , 5  Slot Size D, 020 
7 reen pv6 D;L.dricK,&+~ ' 6" =to- i 
! mplEnd Cap P I ~ C  a d 4 0  4 ". J43,5 to /SG,O 
Sand Pack 
3-alant -85 js' 

IU: _9a_ t o 2  jFFG 
-ocking Cover lnstalle 
)filling Method Core Sampling Method C o r e  
: :e Drilled P-21- $9 Fluid LevelIDate 50.54 f f s . L .  / f - z~-3+ 
;-.npler(sI Lori, I; .Sorncer Remarks 

" 

%pth' 
TI 

Blows1 

6' 
P I0  
pprn 

Sarnpla No.; 
l n t c ~ a l  

WELL 
CONSTRUCTION 

GWHIC 
LOG 

DESCRIPTION 



<%>. . .., .>.. . . . , - - - - -  ; I  
.~ . .  . . .  . . .. .. ~ .~ .. - .> < - 1  

776 WELL NO. DATE 8-22-3F TIME /63 0 ! ~ 

PLANNED INSTALLATION FINAL  INSTALLATION^,, M.pL-4 
CASING DIAMETER 6 I ?  ,) 

0, 
- 

i 

CASING STICKUP HEIGHT 230 CASING STICKUP HEIGHT 

! 
TOP OF GROUT 2' TOP OF GROUT . ( i  - 

, . 
(, 1 1  I 

GROUT TYPE B/.) 2 P'~rc co}J , I 

hmtYn;k s l o r r c c  

TOP OF PELLETS 92,5 - TOP OF PELLETS 
I &&" S I Z E  OF PELLETS , - 

WATER ADDED TO PELLETS * (Gallons) 

. 
- : . :  TOP OF F I N E  SAND - TOP OF F I N E  SAND 

SAND S I Z E  . / 6-40 ! 

TOP OF F I L T E R  SAND 3% 6 TOP OF F ILTER SAND - 
I 

FILTER SAND S IZE  /o -70 

TOP OF SCREEN , 9 5 5  I 
- TOP OF SCREEN I .  

TOP OF SLOTS . .!?,9,1 
- - -. - - I 

TYPE OF SCREEN L)iedr;/A ez 
-. == 
= = - -  

SLOT S I Z E  0,020 -- = = I 

- - - - - - - = -- 
BOTTOM OF SLOTS 1-+3,4 = - - 

TOP OF SUMP/END CAP /4 ,9 ,5  TOP OF SUNP/END CAP 

BOTTOM OF SUMP/END CAP /_1;0,0 '- BOTTOM OF SUMPIEND CAP i 

TOTAL DEPTH 150, /5 
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Well Detail Report for: MONO? 0776 

GENERAL INFORMATION SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) Depth 
LOCATION CODE: 0776 TOP GRAVEL PACK: 4785.43 95.0 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4730.43 150.0 

DAMAGED: No TOP OF SCREEN: 4780.93 99.5 

SURFACE ELEVATION: 4880.43 BOTTOM OF SCREEN: 4730.93 149.5 

BOTTOM ELEVATION: 4730.28 
GRAVEL PACK LENGTH: 55.0 

TOTAL DEPTH: 150.2 
SCREEN LENGTH: 50.0 

ZONE OF COMPLETION: DECHELLEY 
, MEMBER OF THE CASING LENGTH: 152.9 

CUTLER 
FORMATION 

CASING-DIAMETER (in.): 6 

Lithology Details 

TOP BOTTOM uscs - 
Elev @ - - Elev DESCRIPTION LITHOLOGY DESCRIPTION 

4880.43 0.00 4879.66 0.77 Shinarump Member of Chinle Fm. on surface. 
SANDSTONE, light gray (2.5Y 712). 100% ss, 
poorly sorted, subrounded, fine to medium 
grained, moist. Tiny, yellow, red and black 
(biotite) mineral grains with sporadic green 
mudstone concretions. 

Mudstone lenses l m m  thick - pinkish, soft, tiny 
amount of limonite staining 

Sandstone - Same as above 

Mudstone lenses 1 to 2mm tinisk, light yellourish- 
brown (2.5Y 614). Some limonite staining. 

SANDSTONE. Same as above Horizontal 
fracture @ 1.51 and 1.59 and 162 Ft 
Limonitelhematite staining A few bght yellowish- 
brown mudstone clasts. 

4878.68 1.75 4877.66 2.77 Lost. 

4877.66 2.77 4877.43 3.00 Mudstone. very pale brown (10YR 714) a few 
quartz sand grains mixed in 

Note: Depths are feet below gfoi lnd surface and elevations are feet below Mean Sea Level. 



Well Detail Report for: MONO1 0776 2/25/98 

TOP Bm-rOM 

Elev Depth - Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION - 
4877.43 3.00 4877.13 3.30 SANDSTONE, Fine to medium to coarse grained, 

fractured @ 3.08 and 3.12 and 3.3 Ft. 
Limonite/hematite stained, a few pebbles up to In 
cm long. Some biotite and mudstone clasts. 

4877.13 3.30 4876.78 3.85 SANDSTONE, Same as 0-0.77 above with 
horizontal fracture @ 3.46 and 3.50, hematite 
staining. 

4876.78 3.65 4875.78 4.65 Lost. 

SANDSTONE, Rne grained, pale yellow (2.5Y 
714) 100% sand (quartz) well sorted, subrounded, 
saturated. A few tiny yellow, red and black 
mineral grains. 

Lost. 

SANDSTONE conglomerate, fine to medium to 
coarse grain, limonitelhematite staining. Pebbles 
up to 2 112 cm long (crystalline). 

SS. Fine grain, pale yellow (2.5Y 714). Well 
sorted, subrounded, wet. A few tiny red and black 
minerals. Some white cementation of sand 
grains. Separate limonite stained grains all 
through section. 

Lost. 

Sandstone conglomerate, fine to coarse grain, 
limonite stained concretions, tiny greenish-yellow 
clay-like clasts, small pebbles up to 5mm long. 

Sandstone, fine to medium grained, pale yellow 
(2.5Y 714). 

Same as above, but more limonitelhematite 
staining. 

SANDSTONE, fine grained to medium grained, 
pale yellow (2.5Y 714). Tiny limonite stained clay- 
like nodules throughout sample. Saturated, some 
brownish-black possible wood fragments. 
Horizontal fractures a13.8. 13.9. 13.95 and 14 Ft 
Avertlcal fracture? @ 14.3 to 14.97 ft. Various 
bands of hematite staining 16.9 to 19.0 ft Various 
stained spots throughout sample. 

Lost. 

4846.73 33.70 4846.43 34.00 Lost 

Note: Depths are feet below ground surface and elevatioris are feet below Mean Sea Level. 



Well Detail Report for: MONO1 0776 

TOP BOl-rOM USCS 
Elev Depth - Elev DESCRIPTION - 

4846.43 34.00 4846.08 34.35 

LITHOLOGY DESCRIPTION 

Conglomerate sandstone from fine to coarse 
grained. A few pebbles up to 2crn long. Stained 
throughout with limonitehernatite. Pebbles of 
chert and quarh. 

SILTSTONE mixed wkh very tine sand, very pale 
brown (IOYR 714). Fractured with limonite 
staining from 34.35, 34.40, 34.45. 34.5, 34.55, 
34.75 and 35.1. Some minor mudstone lenses 
between some fractures. 

SILTSTONE, gray (IOYR 611) Dry. Fractured 
a36.75 with heavy limonite staining from 36.55 
through the fracture to 37 Ft. Another fracture 
(horizontal) @39.19 R. with limonite staining from 
39.19 to 39.28 Ft. Bedding planes orvery slight 
mudstone lenses, sporadic from 40.0 to 40.72 R., 
very tiny shiny mica flakes. 

Mudstone, reddish brown (5YR 514). Moist. Soft 
shale @ 41.55 to 41.9 Ft. 

Reworked mudstone with gray siltstone mixed in. 
Very tiny shiny mica flakes throughout sample. 

Same as above. Afew minor sandstone tine 
grain lenses mixed in mudstone. 

Siltstone, reddish gray (5YR 512) dry. A few shale 
lenses scattered throughout sample. 

Mudstonelshale with some very fine grained ssnd 
mixed in various portions of sample. (Reddish- 
brown) 

Very fine grained sand -white (10YR 812). with 
shale lenses, reddish-brown, soft @ 52 and 53.3 
to 53.4 Ft.. 

Mudstone, reddish-brown (5YR 414). Mixed with 
tiny shiny fine grained sand. A few'black minerals 
in sand, some limonite staining in sand. Fractured 

Lost 

Sandstone, fine grained with black minerals 
(biotite?), some while cementation 

Mudstone, reddish-brown (5YR 414) with some 
very fine grained sandstone. 

Note: Depths are feet below ground surface and elevations are feet below Mean.Sea Level. 



Well Detail Report for: MONO1 0776 2/25/98 

TOP 

Elev Depth - 
4825.4 55.03 

BOTTOM uses 
Elev Depth DESCRIPTION - 

4825.23 55.20 

LITHOLOGY DESCRIPTION 

Sandsone, very fine grained, pinkish-gray (5YR 
712). with a greenish-claystone lense @ 55.12 - 
3mm long. 

Mudstone, reddish-brown (5YR 414). Greenish 
claystone lenie - l m m  wide, @ 55.34 Ft. 

Lost. 

Sandstone, very fine grained. Same as above - . 
No claystone lense. 

Mudstone, reddish-brown (5YR 414) Flecks of 
shiny mica all through sample. 

Mudstone and fine grained sandstone mixed with 
some siltstone, some red, yellow and black flecks 
and limonite staining in sandstone. 

Siltstone with some fine grain sandstone. 

Mudstone, reddish-brown (5YR 414), some very 
slightly silty bedding planes dipping up to 10 
degrees. Soft reddish-brown shale @61.10 to 
61.25 n. 
Fine grained sandstone and mudstone, reworked, 
with quartz nodules up to 2cm. Tiny black flecks 
in sandstone, biotite? 

Soft reddish brown shale. 

Reworked mudstone and fine grained sandstone. 
some siltstone, some quart. stringers and pockets 
of sandstone with black flecks. shiny tiny flecks in 
sample. 

Sandstone, fine grain light gray (10YR 7/1) with a 
few red, yellow and black mineral grains, 
quarkose, dry. Some white cementation, calcium 
carbonate? A few medium quartz grains and a 
few tiny white to greenish cherts 

Very fine grained sandstone ~ntermixed with 
mudstone, reddish-brown to l~ght gray. A few 
black, red &yellow mineral grains. 

Mudstone intermixed with vety fine grained 
sandstone, reddish-brown 

Note: Depths are feet below grourid surface and elevatiorls are feet below Mean Sea Level. 



Well Detail Report for: MONO1 0776 2/25/98 I 

TOP BOTTOM uses 
Elev - - Elev DESCRlPTlON LITHOLOGY DESCRIPTION' 

4801.68 78.75 4800.03 80.40 Hoskinnini Member of Moenkopi Fm. Fine 
, , >  grained quartzose sandstone, light gray (10YR 

711). Very few red, yellow and black mineral I 

grains, dry. 

4800.03 80.40 4797.73 82.70 Fine grained sandstone intermixed with reddish- I 

brown (5YR 414) mudstone. 

4797.73 82.70 4796.13 84.30 Sandstone, fine grained quarhose, light.gray 
(10YR 711) with some mixing of mudstone, i 
reddish-brown (5YR 414) or siltstone. Red, yellow ) 

and black mineral grains are abundant, @ 84 Ft., 
there are medium grains layered about 15mm 
thick. 

4796.13 84.30 4792.63 87.80 Sandstone, fine to medium grained, reddish- 
brown (5YR 514) limonite staining in very tiny 
concretions all through sample. Tiny red, yellow & 
black minerai grains. White cementation lightly I 
with calcium carbonate? Mixed with light gray fine 
grained sandstone and reddish-brown siltstone. 
Moist. 

Sandstone, fine to medium grained, reddish- 
brown (5YR 514) red, yellow & black mineral grain, 
hematite staining throughout. LimonRe stained 
concretions, very tiny white cementation, calcium 
carbonate? Loosely cemented, saturated, 
@91.07 to 91.12 R, and 91.25 to 91.26 ft. and very 
thin lense @91.31 ft of sandy reddish brown 
siltstonelmudstone. 

DE CHELLY SANDSTONE MEMBER OF 
CUTLER FM. Sandstone, fine grained, I 

quartzose, reddish-yellow (5YR 616). Cross 
bedded, wet. White cementation, calcium 
carbonate?, of grains, tiny red, yellow and black 
minerai grains. Very tiny limonite staining around 

i 

individual sand grains, or small clusters of sand 
grains. Hematite staining overall A few areas of 
limited or no limionite staining or iron oxide 
staining at 114 ft. and 125.6 ft.. and 129.4 to 
129 85 ft. Note Sandstone saturated below 105 
fl I 

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Levei. 



!ACTEC-ERS 
2597 B 3/4 Road . 

rand Junction, Colorado 81502 

Borehole Summary 
Page _1 of 1_ 

=aci~ity Grwd,lvn<$j~\ ~ $ S . ; c c  Site f l~ourrn -3  i/n//rq! !:A. Project JM7h'ft ~ r a v n ~ d & , -  

: ringfvVell NO. 7 7 7 ~oca t ion  IN) 2/60 383 (€1 ~ 8 9 2 ~ 6  
;round Elev. (Ft.)  4845,4 BitlAuger Size ? 5/8 OSD. / 3  %?.D,~ Hole Depth (Ft) 49 

Diameter (inch I. D.) No, of  Completions 1 
TYPE Vol. (cf, gal) Interval lFt.1 Stick-Up HeightlFt) 2 ,  F 5  

Ilank Casing PfC Scd. 46' 2 x t o a  si z;F6Gd,i/8 , ,  
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WELLNO. 7 7 7  DATE 8-,+-3'5 TIME } 6 / 5  

PLANNED INSTALLATION H N ~ L  INSTALLATIO~@- i U) I 
It 

CASING DIAMETER 2 n I 
I 

CASING STICKUP HEIGHT 2 r 7 5  I I CASING STICKUP HEIGHT 

S I Z E  O F  PELLETS //4" 

TOP OF GROUT 2 

'r7ATER ADDED TO PELLETS 5 
( G a l l o n s )  

I I 

- TOP OF GROUT 
I 

TOP OF SCREEN 3 / ,6 
TOP OF SLOTS --32L.- 
TYPE OF SCREEN O,rdr,,( 

TOP OF F I N E  SAND !J A 
SAND SIZE N A  

SLOT S I Z E  0 , 0 / 0  

- 

BOTTOM OF SLOTS 46.7 

TOP OF PELLETS 

I 

TOP OF F I N E  SAND 

I 

TOP OF F ILTER SAND 
I 

TOP OF SCREEN 1- 

TOP OF SUMP/END CAP 46.8 H TOP OF SUMP/END CAP 

BOTTOM OF SUMP/EHD CAP 4-234 U BoTToN OF suHP/END CAP 

TOTAL DEPTH 9,0 



Well Detail Report for: MONO1 0777 2/25/98 

GENERAL INFORMATION ' SCREENING INFORMATION 

SITE: MONUMENT VALLEY (MONOI) Elev Depth 

LOCATION CODE: 0777 TOP GRAVEL PACK: 4817.2 28.2 

DECOMMISSIONED: No BOTTOM GRAVEL PACK: ' 4798.1 47.3 

DAMAGED: No TOP OF SCREEN: 4813.6 31.8 

SURFACE ELEVATION: 4845.4 BOTTOM OF SCREEN: 4798.6 46.8 

BOTTOM ELEVATION: 4796.4 GRAVEL PACK LENGTH: 19.1 
TOTAL DEPTH: 49.0 SCREEN LENGTH: 15.0 

ZONE OF COMPLETION: ALLUVIUM CASING LENGTH: 50.14 

CASING-DIAMETER (in.): 2 

Lithology Details 

ioq Bm-fOM 9 
Elev Depth - Elev Depth DESCRlPT1ON LITHOLOGY DESCRIPTION - 

4845.4 0.00 4835.4 10.00 Sand, very fine to fine grained, yellowish red (5  
YR 516). 99% sand. 1% silt, viell sorted, 
subrounded, dry. A few medium sized rounded 
quartz grains, and a few black and yellow mineral 
grains. 

4835.4 10.00 4825.4 20.00 Same as above with 5% pebbles up to 1 cm. 
long. Slightly moist: 

4825.4 20.00 4815.4 30.00 Same as above -no pebbles, moist. 

4815.4 30.00 4805.4 40.00 Sand, same as above, wet. a few red mineral 
grains. Slightly sticky. Suspect less than 5% clay. 

4805.4 40.00 4796.4 49.00 Sand, very fine grained, light reddish brown (5 YR 
614). 98% sand. 1% silt. 1% clay. Slightly plastic. 
well sorted, subrounded, saturated. A few red, 
yellow, and black mineral grains. TD in Quat. 

Note: Depths are feet below grourld surface and elevations are feet below Mean Sea Level. 
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