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PART 11 

PHASE I RCRA FACILITY I N W S T I G A T I O N / ~ ~ D I A L  INVESTIGATION 

II. 1 INTRODUCTION 

The Operable Umt 4 (OU4) Phase I Resource Conservation and Recovery Act (RCRA) 
Facllity InvestigatiodRemedial Investigation (RFI/RI) at the Rocky Flats Environmental 
Technology Site (WETS) operated by the U S Department of Energy (DOE) was an integrated 
investigauon undertaken to satisfy the requirements of RCRA (as amended), the Comprehensive 
Envlronmental Response, Compensation, and Liability Act (CERCLA) , and the Colorado 
Hazardous Waste Act (CHWA), under the requirements of the Interagency Agreement (IAG) 
of 1991 This investigation pertained to the characterization of sources and soils at the Solar 
Evaporation Ponds (SEPs) located withm OU4, which are also designated as Individual 
Hazardous Substance Site 101 (IHSS 101) The investigation was designed to evaluate the 
potential for the SEPs to act as contmuing sources of contaminants, and to evaluate whether 
contammnts are present in subsurface soils, includmg the vadose zone soils This document 
is Part I1 of the Intern MeasuredIntern Remedial Action Environmental Assessment Decision 
Document (IM/IRA EA DD) for OU4 

Histonc sources of contaminants at OU4 have been liquids and sludges disposed in the 
SEPs These liquids and sludges may have entered the subsurface and may continue to be a 
source of contammnts beneath the SEPs The contamwts within the liquids and sludges are 
identified in the pre-IAG draft Solar Evaporation Ponds Closure Plan (DOE, 1988), and the 
Analysis of Solar Pond Sludge and Water (Weston, 1991) According to these documents, the 
SEPs received wastes including low-level radioactive process wastes containing high nitrate 
concentrations, neutralued acidic wastes contaimng aluminum hydroxide, and additional wastes 
contaimng sanitary sewage sludge, lithium metal, sodium mtrate, ferric chloride, lithium 
chlonde, sulfuric acid, ammomum persulfates, hydrochlonc and nitric acids, hexavalent 
chromium, and cyanide solutions No solvents or other organics were reported to be routinely 
discharged to the SEPs 

e 

The DOE conducted charactemation studies for the sludge materials contained within the 
SEPs prior to implementing the OU4 Phase I RFI/RI program Therefore, the OU4 Phase I 
RFI/RI program did not address sludge characterlzation The previous sludge characterization 
studies provide adequate data for the inclusion of the sludge as a component of the OU4 
IM/IRA Detailed reports were generated from the sludge characterization programs which are 
referenced in this report 

Appendix I1 A contains summary tables identifying both chemical and radiological 
sampling results from the sludge that was previously treated to produce pondcrete and sludge 
that was contained in a clarifier adjacent to Building 788 The report entitled "Pond Sludge 
Waste Characterization Report and Waste Charactenation Report" (Halliburton-NUS, 1992) 
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provided the sludge sampling results for the SEPs and the clarifier The pondcrete chemical 
sampllng dab was denved from the report entitled "Characterization of Pondcrete at the Rocky 
Flats Plant” (Lockheed, 1994) Radiological data for the SEP sludges and pondcrete were 
contained in two reports prepared by Roy F Weston, Inc , respectively (1991a, 1991b) The 
f i d  table in Appendlx II A was reproduced from Halliburton-NUS (1992) and identifies the 
sampllng procedures used for SEP sludge charactemtion 

I e 

This section presents an overall summary of  the basis for conducting the OU4 Phase I 
RFI/RI, as well as a bnef descnption of  the investigative objectives and activities Figure I1 1-1 
shows the boundary of OU4 and the general area of the OU4 Phase I RFI/RI investigation 

11.1.1 Purpose and Organization of the OU4 Phase I RFI/RI Report 

The purpose of the OU4 Phase I RFI/RI report is to present the data and evaluations that 
characterne the physical features of OU4, potential contaminant sources, and the surface and 
subsurface distribution of soil contaminants The OU4 Phase I RFI/RI report is organized into 
seven sections, and all tables and figures are grouped behind their respective report sections 
Section I1 1, Introduction, provides a brief overview of the objectives and activities conducted 
for the OU4 Phase I RFI/RI and a summary of previous investigations at OU4 Section I1 2 ,  
OU4 Field Investigation, describes the activities and methods used to complete the RFI/RI 
Section I1 3 ,  Results of  the OU4 Phase I RFI/RI, presents the data and results obtained from the 
field investigation Section I1 4, Nature and Extent of  Contamination, integrates the historical 
and OU4 Phase I RFI/RI data, providing an evaluation of the lateral and vertical distribution of 
contammants in surficial and subsurface soils, including vadose zone soils, and an evaluation of 
impacts from potential contaminant sources Section I1 5, Contaminant Fate and Transport, 
describes a site conceptual model and the properties of identified contaminants and their potential 
for migration at OU4 Section I1 6 ,  Summary and Conclusions, provides a summary of the 
findings of the OU4 Phase I RFI/RI, conclusions regarding the nature and extent of 
contammation, and recommendations for further activities Section 7 presents summary data and 
information from the IHSS 176 characternation efforts that were conducted separately from the 
OU4 Phase I RFI/RI program This section is included since OU4 has annexed IHSS 176 as 
a component o f  the OU4 IM/IRA Section 8 contains the list of  references The evaluation of  
the effectiveness of  the Interceptor Trench System (ITS) in capturing shallow ground water, 
originally scheduled for presentation in the OU4 Phase I RFI/RI report, is now presented in the 
OU4 Phase I1 RFI/RI Work Plan by agreement between DOE and the regulatory agencies 

@ 

I 11.1.2 OU4 Phase I RFI/RI Overview 

The OU4 Phase I RFI/RI is part of a comprehensive, phased program of Operable Unit 
(OU) characternation, remedial investigation, feasibility studies, and remedial/corrective actions 
currently in progress at RFETS The objectives of the OU4 Phase I RFI/RI were to 

Characterize the physical features of the site, 
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Evaluate potential contaminant sources, 

Evaluate the presence or absence of contaminants in soils at the site, and 

Provide a baseline nsk assessment The baseline risk assessment was delayed by 
agreement between the DOE, Colorado Department of Public Health and 
Envlronment (CDPHE), and U S Environmental Protection Agency (EPA) to 
allow development of additional risk data during the OU4 Phase I1 RFI/FU 
program which will be conducted dunng 1994 and 1995 

Specific tasks identified to accomplish these objectives were to 

Investigate the former location of the Original Ponds, 

Characterize the vadose zone associated with the SEPs, including potential routes 
of contammant migration, 

Evaluate the presence or absence of contaminants in the surficial and subsurface 
soils, and 

0 Assess the effectiveness of the ITS (The ITS assessment is presented in the OU4 
Phase I1 RFI/RI Work Plan ) 

An evaluation of contaminant sources was conducted as part of the draft Solar 
Evaporation Ponds Closure Plan (DOE, 1988) and the Analysis of Solar Pond Sludge and Water 
(Weston, 1991a) No addltional contaminant source characterization was conducted during this 
investigation Results from the earlier investigations are summarlzed in Appendix 11 A 

To accomplish the remaimng objectives of the OU4 Phase I RFI/RI, the Field Sampling 
Plan (FSP) was designed to provide for the charactemation of the Original Ponds and existing 
SEps (IHSS 101), the investlgation of surficial and subsurface soils within the OU4 boundary, 
the investigation of vadose zone properties, and the description of the geology of OU4 
Although an evaluation of the ITS to intercept and contain contaminated ground water moving 
within the vadose zone and the shallow saturated zone above bedrock was proposed as a OU4 
Phase I RFI/RI task, data collected during the investigation were insufficient to complete the 
analysis Therefore, collection of additional data is proposed under the OU4 Phase I1 RFI/FU 

The OU4 Phase I RFI/RI is separated into two parts characterization of the Original 
Ponds area and characterization of the existing SEPs Historical data, including aerial 
photographs and facilities drawings, were reviewed and field data were collected for the Original 
Ponds characterization Ground-penetrating radar (GPR), drilling, sampling, and chemical 
analyses comprised the field data collection activities The existing SEPs 207-A, 207-B North, 
and 207-B Center were characterized through visual inspections, radiological surveys, liner and 
subgrade sampling and analysis, and drilling, sampling and analysis of subsurface soils In 
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addition, a GPR survey was conducted to investigate the geophysical characteristics of the SEP 
207-A h e r  and subgrade matenals, and to determine if subsurface utilities were present beneath 
the pond SEPs 207-B South and 207-C currently contaln liquids and sludges and will be 
investigated at a later date I 

Surficial soils in OU4 were evaluated using radiological surveys and chemical analyses 
The radiological surveys included beta/gamma surveys Alpha surveys were attempted but were 
not successful because of mtrument damage Damage to the instrument’s thin film detector 
cover by grass and rocks has been observed dunng investigations of other OUs Surficial soil 
samples were collected for chemical analysis at borehole locations, randomly selected locations, 
and discrete locations of interest such as areas of stressed vegetation and seeps 

The vadose zone investigation included drilling, soil sampling, and instrument installation 
for measurmg physical and chemical charactenstics of the vadose zone Physical properties 
were determined from cores extracted for laboratory analyses during the soil sampling program 
Hydrological properties were investigated through field permeability tests, laboratory analyses, 
neutron probe measurements, and water level measurements in momtoring wells Chemical 
properties of the vadose zone were assessed through soil chemical analyses, a soil gas survey, 
chemical analyses of pore water collected from lysimeters, and column leaching tests performed 
on selected soil core samples 

The geological investigation included a historical review and compilation of data from 
existing boreholes, a drilling, sampling, and chemical analysis program, and a geophysical 
investigation Boreholes dnlled within OU4 aided the geological interpretation, augmented the 
historical data, and allowed additional soil samples to be obtained for chemical analysis The 
geophysical investigations included a borehole geophysical program to aid in characterizing the 
subsurface materials, and a seismic refraction program to aid in delineating paleochannels and 
bedrock topography 

0 

II. 1.3 Previous OU4 Investigations 

This section briefly descnbes the investigations previously conducted at OU4 and 
evaluates thelr usefulness for the current site characterization efforts Information, data, and 
conclusions from the previous investigations have been used in this RFI/RI program to develop 
prelminary conceptual models and to develop a database Appendix I1 B supplements this 
section and provides a tabulated summary of previous investigations in the SEPs area 

In 1951, before any buildings or structures were constructed, the area occupied by the 
existing SEPs was evaluated to determine the suitability of the site for a pond A report was 
prepared that discussed the geology of the site and the ground water as it was known from 
document review and from a review of core samples extracted from boreholes for laboratory 
analyses (Mudge and Brown, 1952) Boreholes had been drilled in the vicinity of the proposed 
major buildings (including Buildings 771, 881, 444, and 123) to determine geotechnical 
properties of the subsurface materials for design purposes Much of the ground water 
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mformation m the Mudge and Brown report was obtained from a previous study of ground water 
conditions at the WETS (Austin, 1951), which recommended dnllmg several wells upgradient 
and downgradient of the site to momtor the ground water Both of these documents indicate that 
pedment gravels overlie mpervious clays, but that the clays are fractured and capable of 
transmittmg water downward Mudge and Brown concluded that the area was not suitable for 
an unlmed pond because of the potential for downward migration of water Approximately two 
years after these studies, in 1953, the Onginal Ponds were constructed and lined with bentonite, 
as shown 111 Figure I1 1-2 

In 1954, a spmg on the hillside north of the Ongml Ponds was sampled and determined 
to be contaminated with mtrates The Waste Disposal Coordination Group at the WETS 
concluded that the contamination in the spmg was a result of leakage from the original clay- 
lined pond A test well (Well 0154) was dug at the northeastern comer of the Original Pond and 
the spring was enlarged so that water samples could be collected These actions and the 
subsequent momtomg of the spring were reported in the monthly progress reports of the Rocky 
Flats Waste Disposal Coordination Group The spnng momtoring indicated an increase in both 
nitrate concentration and radioactivity This indication prompted the construction of the asphalt- 
lined SEP 207-A m 1955 and the 207-B Series SEPs in 1960 

Upon completion of the 207-B Senes SEPs in fall 1960, six monitoring wells shown on 
Figure I1 1-2 as abandoned momtoring wells 0160, 0260, 0360, 0460, 0560, and 0660 (well 
0660 is not shown) were installed near these ponds and were routinely monitored for nitrates and 
radionuclides through the late 1980s These wells were subsequently abandoned and selectively 
replaced as part of the WETS-wide Well Abandonment and Replacement Program (WARP) 
Momtoring of these wells was performed as part of the routine operation of the SEPs, but the 
data were not presented III a report 

0 
During 1960, drainage tiles were installed between SEP 207-A and the 207-B Series 

SEPs, and east of the 207-B Senes SEPs, as shown on Figure I1 1-3 The purpose of the tiles 
was to intercept seeps beneath the eastern berm of SEP 207-A identified during construction of 
the 207-B Series SEPs and to prevent seeps from forming east of the 207-B Series SEPs after 
their construction Between 1960 and 1970, the drainage tiles discharged water to ditches on 
the northern hillside Discharged water was periodically collected and sampled for nitrates and 
radioactivity Dunng 1970, empty steel drums were partially buried at the discharge points to 
collect water, which was then pumped to SEP 207-A or SEP 207-B North The buried drums 
are identified as Sumps 1 and 2 (EG&G, 1992b) and are shown on Figure I1 1-3 

During the 1950s and early 1960s, the WETS Site Survey Group periodically monitored 
the area around the SEPs for radioactivity Monitoring was performed routinely as well as in 
response to specific events As with the activities of the Waste Disposal Coordination Group, 
the Site Survey Group reported their activities in monthly progress reports which were not 
summarized in a report One of the specific events that involved the Site Survey Group was 
removal of soil from Pond 2-Auxiliary (Figure I1 1-2) in 1962 prior to the construction of 
Building 779 
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Dunng 1966, three deep wells (0166, 0266, and 0366) were constructed to monitor the 
sitewide ground water conditions Well 0266 was located east of the SEPs in the OU4 area and 
Well 0366 was located further east of the OU4 area, as shown on Figure I1 1-2 The results of 
chemical analyses of waters from these wells were presented in the monthly reports of the Waste 
Disposal Coordlnation Group, however, these results were not summarlzed in any published 
documents 

As the use of the SEPs increased because of expanded production at the WETS, the 
landslide potential of the hlllside north of the SEPs was questioned An investigation was 
performed on the stability of the hillside, which included dnlling 10 boreholes (Woodward-Clyde 
& Associates, 1970) Many of the boreholes were equipped with a perforated casing to monitor 
water level fluctuations The study concluded that the hillside was at high risk of failure, 
particularly with the probable addition of water from the SEPs themselves It was recommended 
that a french drain system be installed to remove ground water 

In 1971, an additional well (Well 0671, Figure I1 1-2) was installed on the hillside north 
of the SEPs The well was installed as part of a program to expand sitewide ground water 
momtoring at the WETS The program was motivated by such events as the 1969 fire, cleanup 
of the 903 Pad contammtion, and removal of the leaking drums from the Mound area, as well 
as by a general increased awareness of the need for environmental protection 

Dunng October 1971, Trenches 1 and 2 were excavated northeast of SEP 207-B North 
and SEP 207-A, respectively Initially, ground water collected in the partially buried drums 
located on the downhill ends of the trenches was manually pumped to the SEPs By May 1972, 
automatic pumps were installed in the trenches Shortly thereafter, Trench 3 was constructed 
The locations of the trenches were selected based on visual observation of stressed vegetation 
Observations were made by the plant personnel, but a formal study was not performed for this 
remedial action The water collected in the trenches was analyzed and returned to the SEPs 
The analytical results were not reported In the spring 1973, the area experienced particularly 
high precipitation and the trenches were allowed to overflow to prevent overfilling the SEPs 
which were nearly full Trenches 4 and 5 were installed in April 1974, and Trench 6 was 
installed in July 1974 Figure I1 1-3 shows the locations of these trenches 

During 1974, the presence of mtrates in the soil north and northeast of the SEPs was 
recogmzed from stressed vegetation and soil analyses An evaluation of the total quantity of 
mtrates present in the soil was undertaken to identify a cost-effective method of nitrate removal 
Conditions were investigated by drilling 56 soil boreholes (Dow Chemical, 1974a) in grid 
patterns in three areas north of the SEPs known to have high concentrations of nitrates Soil 
samples were collected at 1-foot intervals from each borehole located on Figure I1 1-2 The 
study concluded that approxunately 60 percent of the total quantities of nitrates was located 
within 5 feet of the ground surface It was also stated that little, if any, nitrate contamination 
was entering North Walnut Creek, although the basis for this statement is not clear 
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Later that year, a presentation by the WETS Environmental Group summanzed the 
results of the mtrate-m-soil study (Dow Chemical, 1974b) Data presented indicated that an 
elongated mtrate anomaly rn soils was present and centered around the bifurcated drainage 
entemg North Walnut Creek from the south Accordrng to the study, the data collected during 
the early 1970s indicated that the presence of mtrates in the soil was a seasonal problem 
Several alternative solutions were presented that included the following, although none was 
subsequently mplemented 

e In sztu aqueous leachmg followed by treatment of the leachate, 
Soil removal (the excavated material could be used as orgamc fertilizer), and 

8 In sztu bioremediation 

Several investigations unrelated to the SEPs were performed elsewhere at the WETS in 
the early 1970s to delineate the shape of the bedrock surface beneath the alluvium, with 
particular emphasis on the channeling of ground water (Ackermann, 1974, de Oliveira, 1975) 
The bedrock paleotopographic surface was delineated using seismic refraction methods, and was 
shown to be highly irregular An undulating bedrock paleotopographic surface IS present 
beneath the existing SEPs 

During the early 1970s, the Water Control and Recycle Study was performed 
Recommendations of the study were later implemented as the Water Control and Recycle 
Program The study addressed the major surface water features at the WETS, including the 
SEPs and North Walnut Creek A portion of the project specifically addressed ground water 
transport of mtrate from the SEPs area into North Walnut Creek (Engineering-Science, Inc (ES), 
1975) The ES report stated that during operation, cracks developed in the lining of the SEPs, 
and mtrate wastes entered the ground water and migrated downgradient The nitrate-bearing 
ground waters discharged at the surface as seeps which were indicated by dead or stimulated 
vegetation, depending on the mtrate concentration Nitrate was detected in the retention ponds 
constructed in the Walnut Creek drainage (A-series ponds) at levels that typically were below 
the dnnking water standards for most of the year The ES report suggested that radionuclides 
were not present in the seep water due to the filtenng action of the soil and the ion exchange 
capacity of clay minerals 

e 

As part of the Water Control and Recycle Study, 31 wells and boreholes were drilled by 
ES (TH series boreholes and wells with a 74 suffix, Figure I1 1-2) and the new data were 
evaluated in conjunction with data collected during the previous two and a half years from the 
existing wells, trenches, and sumps in the area Some of these wells currently exist at OU4 
Based on the nitrate concentrations detected in the ground water samples, a nitrate plume was 
identified north of the SEPs extending toward North Walnut Creek The results of the ground 
water study and the soil study performed the previous year suggested that the majority of the 
mtrates occurred in the more permeable soil lenses It was further suggested that the nitrates 
would continue to be leached from the soil and transported with ground water toward North 
Walnut Creek 
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A number of abatement measures were undertaken at the SEPs in the mid-1970s as part 
of the lmplementation of the Water Control and Recycle Program Water and waste streams at 
the RFETS were identified, and a master plan was developed to transfer liquids between the 
various retention ponds 111 the creek drainage basins at RFETS and the SEPs A new reverse- 
osmosis treatment plant constructed 111 Building 910 was placed in service in 1979 for removal 
of dissolved solids from post-treatment smtary effluent As part of the Water Control and 
Recycle Program, smtary wastewater effluent was pumped from Building 995 (Sanitary 
Treatment Plant) to SEP 207-B South for flow equalmtion prior to treatment in Building 910 
For vanous reasons, treatment efficiency of the system did not meet design criteria and Building 
910 was effectively removed from service in 1984 The facility has been used intermittently to 
support SEP water treatment during closure Two open beds adjacent to Building 910 originally 
were used to store bnne from the reverse osmosis process After discontinuation of that 
process, the beds were used for drying sludge from the Sanitary Treatment Plant 

As part of Implementing the Water Control and Recycle Program, the 207-B Series SEPs 
were cleaned and prepared for water storage for the proposed reverse-osmosis plant in early 
1975 This preparation involved moving liquid and sludge from the 207-B Series SEPs into SEP 
207-A, installing a flexible membrane liner in SEP 207-B South, and rinsing the bottoms of the 
B-series SEPs with water During the course of the work, low-level alpha contamination was 
detected around the pemeters of the SEPs Soil contamination was also detected on the 
downwind side of SEP 207-A Contaminated soil from around the SEPs and in the area of the 
proposed Building 910 was removed over the next several years In the summer of 1976, the 
effectiveness of the cleanup of the 207-B Series SEPs was evaluated, and contamination was 
found on and under the liner and in nearby soil @ 

Later that year, a program of sampling and direct counting was initiated which consisted 
of coring the liner and augenng into the deeper soil beneath some of the SEPs (predominantly 
SEP 207-B North) Based on these data, a map of activity levels in the vicinity of the SEPs was 
prepared The following spnng, soil removal at the SEPs was initiated on a larger scale 
Throughout the soil removal activities, the air was momtored for increased radioactivity due to 
ground disturbance Although a dust control program involving the applications of water or 
Coherex@ (a petroleum-based dust suppressant) was Implemented, operations were frequently 
halted because of potential health effects of excessive long-lived alpha concentrations in the air 
Concurrently, contaminated soil was removed in the Tnangle Area (IHSS 165) of OU6 east of 
OU4 Both programs removed sufficient soil so that radioactivity was no longer above the level 
of concern (250 counts per minute as measured using a Field Instrument for the Detection of 
Low-Energy Radiation [FIDLER]) The soil removal activities resulted in significant alteration 
of the surface topography 

From July 1975 to December 1975, a sitewide program was conducted to evaluate the 
non-nuclear remote sensing studies performed at the RFETS (Lackey and others, 1976) Several 
methods were employed to investigate the existence of possible faults or a shear zone near the 
site As part of the program, the locations of seeps were identified at the RFETS It was 
concluded that most of the leakage from the SEPs probably surfaced at seeps on the sloping sides 

@ 27DEC OU4 Proposed IMlIRA EA DeLiwn DoLument 
I1 1-8 February 10 1995 



of the North Walnut Creek valley at the mterface between the Rocky Flats Alluvium and the 
Arapahoe Formation Additional hydrological and geological studies were recommended 0 

The design of the Penmeter Secunty Zone (PSZ - the tnple-fenced zone surrounding the 
Protected Area [PA]) required dnllmg more than 100 boreholes to determine subsurface 
conditions Fourteen of the boreholes were drilled in the area of the SEPs in late 1978 An 
additional mvestigation was performed in 1979 to evaluate an alignment change on the hillside 
north of the SEPs (CTL/Thompson, 1979) Previous investigators had identified the area as 
having a hgh potential for landslide movement (Woodward-Clyde & Associates, 1970) The 
CTL/Thompson report (1979) included a description of the subsurface soil and ground water 
conditions encountered in five of the boreholes in the area of greatest landslide potential The 
field investigation found that the clay and claystone bedrock underlying the alluvium contained 
shear zones, mdicatmg pnor disturbance The investigation also confirmed previous conclusions 
regarding landslide potential The report concluded that most of the bedrock within the depths 
investigated was disturbed from past ground movements, the hillside was underlain by both 
ancient and recent landslides, and the planned construction of deep fills on the hillside for the 
PSZ would contnbute to instability by loadrng the unstable, disturbed natural materials 

The CTWThompson report (1979) evaluated three stabillzation options The first, which 
was considered the most complex and costly, involved excavation of the disturbed soils and 
replacement with an engineered buttress fill The second option was to de-water the hillside 
The h r d  option, which was the most strongly recommended, was to flatten the fill slopes or 
construct stabillzing berms downhill of the planned construction The effectiveness of the de- 
watering option was considered somewhat uncertain because of limitations on the practical depth 
of de-watering and the presence of non-uniform water table conditions The CTWThompson 
report (1979) concluded that ground water was flowing in distinct channels on the hillside as 
evidenced by the many distinct seepage areas at the ground surface and the variable depth to 
water in the boreholes The conceptual design of a subsurface drainage system for the de- 
watenng option involved 4-inch-diameter perforated pipe placed in trenches backfilled with clean 
coarse-gramed sand The trenches were to be on 100-foot centers and approximately 5 feet 
deep, graded to dram by gravity to a central collection sump It is not known which, if any, 
of these options was implemented 

@ 

In 1981, it became necessary to remove excess ground water from the area where the 
fences and patrol roads associated with the PA were to be constructed The installation of the 
fences and the patrol roads necessitated destruction of several of the ground water or seep 
collection trenches on the hillside north of the SEPs The ITS was constructed in April 1981 
(shown on Figure I1 1-3), and the six trenches and two sumps were taken out of service The 
hillside was significantly altered dunng the PA construction activities, with up to 25 feet of fill 
placed beneath the PSZ Large quantities of fill materials also were placed in the area of the 
SEPs and are presumed to have different geotechnical properties than the previously 
characterized native soils 
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To meet federal environmental regulations, an Environmental Impact Statement (EIS) for 
the WETS was compiled m 1980 In that EIS, a synopsis of the environmental impact of the 
SEPs was presented based on the mformation known to date Most of the information was 
extracted from previously existmg documents, which are discussed in this report 

0 

In early 1982, mtrate-contaminated surface water originating from seepage on the hillside 
below the SEPs was agam observed Surface water discharged from the seeps was directed by 
culverts down the hill mto North Walnut Creek, bypassing the ITS ground water collection 
system The culverts were onginally designed to transport precipitation runoff down the north 
hillside To remediate this problem, the ITS was retrofitted with the ITS Southern Extension 
to intercept surface water adjacent to the Patrol Road inside the PA, as shown on Figure I1 1-3 

In the early 1980s, a program was imtiated to remove and manage the sIudge that had 
accumulated in the SEPs The Sludge Removal Project required construction of Building 788, 
located between SEP 207-A and SEP 207-C, and associated structures for creating "pondcrete" 
(a mmture of SEP sludge and Portland cement) with the sludge Two boreholes were drilled to 
characterize the foundation conditions in the vicimty of Building 788 (Foundation Engineering 
Company, 1984) Based on logs from these boreholes and on a 1962 report on the foundation 
investigation for Buildmg 779, it was concluded that the interpretations of subsurface conditions 
were inconsistent It was stated in the report that "local regulations would not permit recovery 
of soil samples for laboratory analysis, so the subsurface characterization was based on visually 
identified properties Design recommendations included the requirement that utility line trenches 
in close proxmity or leading into the building should be backfilled with impervious materials 
smilar to the zn situ soils to prevent impounding of water below the structures Excavation and 
construction of Building 788 altered the geotechmcal properties of the subsurface soils beneath 
the m e d i a t e  area 

0 

A 1985 investigation produced the first comprehensive evaluation of the WETS 
hydrogeologic data collected to date (Hydro-Search, Inc , 1985) Both existing data and newly 
collected data were used in the charactenzation Existing data included geologic logs from 
numerous boreholes, water level records, water quality data, and a review of published and 
unpublished reports New data collected for the study included geophysical logs, single-hole 
drawdown recovery tests, and a location survey of the wells The report provided sitewide 
charactenzation information such as geochemistry data for surface water, alluvial ground water, 
and bedrock ground water The report also provided a summary of many historical reports 
Some of the geophysical and hydrological testing activities were performed in wells in the SEP 
area The report concluded that there were deficiencies and data gaps in the understandifig of 
the overall site hydrogeology However, the SEPs were identified as one of eight possible 
sources of high total dissolved solids (TDS) leaving the site Shortly after submittal of the 
charactenzation report, an electromagnetic (EM) survey was performed at the periphery of the 
PSZ and in downgradient drainages in the buffer zone (Hydro-Search, Inc 1986) The EM 
survey was performed to direct future site characterization efforts The hillside soils north of 
the SEPs were found to be highly conductive, suggesting the presence of contaminated ground 
water A recommendation of the report was to install new monitoring wells around the SEPs 
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In 1986, a RCRA Part B operating permit application was submitted to the Colorado 
Department of Health (CDH) The RFETS reported that the SEPs were an intern status unit 
scheduled to be closed The SEPs were identified as a Solid Waste Management Unit (SWMU) 
(later to become an HSS) A section pertamg to ground water protection was included in the 
RCRA Part B submittal 111 response to the 1986 Compliance Agreement between the RFETS and 
the agencies Information regarding the ground water momtonng program and subsurface 
characterlzation was presented for the entire site and specifically for the SEPs A program was 
imtiated that included installation of 17 RCRA wells in the SEP area in 1986 (shown on Figure 
I1 1-2 as wells identified with an 86 suffix), greatly expanding the ability to momtor subsurface 
conditions related to the SEPs Hydrogeologic tests were conducted in some of these wells A 
draft RCRA Intern Status Closure Plan (Rockwell International, 1986) was submitted for the 
SEPs which summarxzed testing results and outlined the method for removing the SEPs from 
service and properly disposing of the potentially-contaminated materials 

Eighteen boreholes were dnlled in 1987 in the SEP area to acquire additional soil 
chemistry data specific to the SEPs (The locations of these boreholes are designated with an 
87 suffix and are shown on Figure I1 2-18 in Section I1 2, OU4 Field Investigation) This 
information was sought rn response to comments on the draft RCRA Interim Status Closure Plan 
submitted in 1986 that were dlrected 111 part to the collection of additional characterization data 
Two of these boreholes were completed as wells for more ground water monitoring capability 
Subsurface conditions were evaluated based on 1987 data as well as on the additional data 
collected since submittal of the 1986 report Boreholes not completed as wells were backfilled 
and no monuments were left indicating their location 

A draft Final Closure Plan was submitted in 1988 which presented a detailed plan for 
future characterlzation efforts This closure plan addressed other SWMUs (IHSSs) in the area 
that are no longer part of OU4 Thirty-seven momtonng wells (designated with a 89 suffix, 
Figure I1 2-18) were installed in 1989 to fulfill the commitments made in the 1988 Final Closure 
Plan The monitoring plan was expanded to meet RCRA ground water monitoring requirements 
such as quarterly momtomg and an expanded analyte list Since 1988, Annual RCRA Ground 
Water Monitonng Reports for Regulated Units have been submitted, which include monitoring 
data collected during the previous year and an evaluation of ground water conditions 

The additional 37 wells were drilled at locations identified as data gaps in the 1988 
charactemation When drilled, lithologies logged in some of the 1989 boreholes did not agree 
with lithologies anticipated from 1988 data, prompting a close review of all of the lithologic 
data Some of the archived cores were pulled and found to be incorrectly described in the 
lithologic logs As a result, a program was imtiated to re-log the core from the 1986, 1987, and 
1989 drilling efforts, using strict quality control procedures After a percentage of the cores was 
re-logged the following year, most of the original logs and the "new" logs of the same boreholes 
were found to be similar It was concluded that the cores re-logged after the 1989 program and 
found to be inconsistent with the logs previously generated were isolated occurrences The re- 
logging program resulted m greater consistency m logging procedures for future programs 
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Dunng 1990, in response to the Agreement in Pnnciple between the State of Colorado 
and the DOE, a study was begun addressmg zero offsite water discharge The ITS was 
evaluated as part of the study (ASI, 1991) The study assessed possible management alternatives 
for water collected by the ITS The investigation included a review of analytical data of the 
water to be managed and a computation of the quantity of water collected The quantitative 
study assessed discrete portions of the system in addition to the overall system Each surface 
water momtormg site m the SEP area was assessed for both water quality and quantity, and an 
evaluation was made regarding vanations in the sources of the contaminants identified 
Slmilarly, data from each ground water monitonng well were assessed based on the specific 
geologic umt sampled and the variations in contaminants The study recommended four 
management alternatives for the water collected by the ITS, including treatment by mechanical 
evaporation, treatment through the sewage treatment plant, separate treatment based on isolating 
discrete portions of the collected flow, and a combination of treatment through reverse osmosis 
and mechamcal evaporation Implementation of this study was preempted by the signing of the 
IAG in 1991 All of the ITS water is currently being collected in holding tanks and processed 
through the Building 374 treatment process The Building 910 treatment process is available for 
treating ITS water but is not routinely used 

Dunng 1992, there was a brief investigation addressing whether or not the 207-B Series 
SEPs were lealung into the uppermost aquifer (EG&G, 1992e) This was accomplished by 
sampling wells in the vicimty of the SEPs for a dye that was placed in the SEPs The sampled 
wells were completed in either the alluvium or the silty claystones of the Arapahoe Formation 
Based on this study, it was determined that no leakage was occurring from the 207-B Series 

The information presented in some of these preceding studies indicates that interpretations 
of subsurface conditions at the SEPs vary and are possibly dependent upon the study techniques 
used For example, conclusions from a soil study performed during 1974 indicated that nitrate 
concentrations were greatest in the upper 5 feet of soil Conversely, a study conducted during 
1987 concluded that soil samples contained the highest nitrate concentrations just above the 
bedrock The interpreted subsurface conditions are influenced by the investigation objectives, 
field and laboratory methods, the past and present condition of the SEPs, subsurface utilities, 
the ITS, and other engineered alterations 

0 SEPs 
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II.2 OU4 FIELD INVESTIGATION 

I Thls section descnbes the actlvitles conducted dumg the OU4 Phase I RFI/RI to 
accomplish the objectlves descnbed m Sectlon I1 1, Introduction Deviations from the Work 
Plan, associated Techn~cal Memoranda (TMs), and Standard Ojxratmg Procedures (SOPS) are 
noted, as appropnate Table 112-1 provides an overall summary of work completed during the 
investigation 

The liquids and sludges m the SEPs are currently being removed and stored SEP 207-A 
was cleaned out dumg spmg 1992 SEPs 207-B North and 207-B Center were cleaned out 
dumg summer 1993 Both SEPs 207-B South and 207-C are scheduled to be cleaned out during 
fiscal years 1994 and 1995 

II.2.1 Site Investigation Objectives and Overview 

The followmg is a bnef descnpbon of the objectives of the investigation, as described 
m Section I1 7 ,  Field Samplmg Plan, of the OU4 Phase I RFI/RI Work Plan, with the exception 
of the Baselme Rsk  Assessment, whlch will be completed dumg the OU4 Phase I1 RFI/RI 

Characterne O n g d  Ponds and existmg ponds 

0 Characteme the types and distnbution of contaminants and other unique features 
of the ongmal pond 

. Evaluate the relative sigmficance of SEP liner materials as potential sources of 
contammation, and the effectweness of liners as barriers to contaminant 
migratlon 

0 Characteme surficial soils potentially contammated by aerosol dispersion in the 
vicmty of the SEPs 

Characteme the types and distnbution of potential contaminants, variations in 
contarmnants, hydrologic features, and other umque charactenstics of vadose zone 
contammation m the SEPs area 

. Locate and identify subsurface features such as piping, tanks, and structures in 
the vicmty of the SEPs 

. Identify subsurface geologic features, such as subcropping sandstones and 
fractured bedrock, that may contribute to contaminant migration in the SEPs area 
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Charactem the ITS 

a 

0 Evaluate the construction of the ITS to assess its effectiveness in interceptmg SEP 
contarmnants m ground water 

Charactem the location, types of contammants, and variability in contaminant 
concentration m unconsolidated materials in the vicinity of the ITS 

The data generated dumg the OU4 Phase I RFI/RI were used to evaluate the nature, 
extent, transport mechamms, and fate of site contammants, and were incorporated into the 
development and screerung of remedial alternabves Additionally, the data will be used to 
supplement the development of the OU4 Phase I1 RFI/RI Work Plan 

Field and laboratory achvities were completed m accordance with the OU4 Phase I 
RFI/RI Work Plan, as modified by Techcal Memorandum No 1, (TM1) Vadose Zone 
Investigation, and Techcal  Memorandum No 2 ,  (TM2) Modificutions to Field Activities The 
following sections summame specific activities completed to meet the objectives outlined above 
The evaluahon of the ITS is mcorporated into the OU4 Phase I1 RFI/RI Work Plan 

II.2.1.1 Original and Existing Ponds Investigation Overview 

The following is provided as an overview of the SEPs investigation 

11.2.1.1.1 Original Ponds 

The mvestigation of the Origml Ponds area was designed to characterize the types and 
distribution of contammants in surface and subsurface soils, to evaluate the physical features and 
dunensions of the Ongml Ponds, and to identify the presence of pond construction materials 
(clay h e r ,  pipmg, and other equipment) that may have been abandoned m place The following 
tasks were completed d m g  thw mvestigation 

0 

0 

. 
28 wpf 

Histoncal aenal photographs, engmeenng drawings, and associated documentation 
were reviewed to define the boundanes of the Origml Ponds 

A GPR survey in the vicimty of the Origml Ponds area was completed to 
identify boundanes of the Ponds and abandoned equipment and construction 
matenals that were buned This survey was reduced in scope, as described in 
TM2, from that described in the Phase I Work Plan based upon historical data 
review Areas in OU4 surveyed using GPR are shown on Figure I1 2-1, and 
details of GPR survey lines in the Origml Ponds area are shown on Figure I1 2- 
2 

Subsequent to the histoncal data review and GPR surveys, six boreholes were 
drilled in or adjacent to the Original Ponds area three boreholes were completed 
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withm the approximate boundanes of the O n g d  Ponds, and three boreholes 
were dnlled outside those boundarres Subsurface soil samples were collected at 
each of the locations Figure 11 2-3 shows the locations of all boreholes drilled 
dumg the OU4 Phase I RFI/RI, and the approxrmate locaQons of the OngrnaI 
Ponds Figure 11 3 1-15 in Section I1 3, Results of the OU4 Phase I RFWRI, 
shows the six boreholes dnlled to investigate the Original Ponds area 

Suficial soil samples were collected at each of the borehole locations pnor to 
drilling as part of the surficial soil sampling program 

Surficial and subsurface soil samples were collected and analyzed for suspected 
contaminants The analytical requirements and methods are described in Section 
I1 2 3 1, Ongrnal Ponds Investigation, and in Section I1 2 4, Surficial Soils 
Invesugation (also subsequently summarlzed in Table I1 2-4) 

Section I1 2 3 1, Ongmal Ponds Investigation, provides a detailed description of the 
The results of the Onginal Ponds investigation are presented and activities undertaken 

discussed m Section I1 3 1 1, Origrnal Ponds 

II.2.1.1.2 Exsting Ponds (MSS 101) 

The objectives of the investigation of IHSS 101 included evaluating the presence of 
buned utilities and debns beneath the SEPs and evaluating whether contamination is present in 
subsurface, unconsolidated geologic materials The following activities were completed as part 
of the investigation of IHSS 101 

@ 
Visual inspections were made of SEPs 207-A, 207-B Center, and 207-B North to 
evaluate the integnty of the liners and to determine the accessibility and optunum 
location for the proposed boreholes 

. 

. 

A GPR survey was completed to assess the presence of buried utilities and debns 
beneath a portlon of SEP 207-A and to aid in the identification of breaches of the 
liner beneath the top asphalt coat The locations of the GPR survey lines are 
shown on Figure I1 2-4 

An OU4-wide beta/gamma radiation survey was conducted that included the areas 
in the m e d i a t e  vicimty of IHSS 101 Beta/gamma and alpha surveys were 
conducted within SEPs 207-A, 207-B Center, and 207-B North Figures I1 2-5 
through I1 2-8 show the locations where radiological measurements were made 

A seismic refraction survey was completed to evaluate bedrock topography and 
the presence of paleochannels and/or buned channels in the vicimty of IHSS 101 
Figure I1 2-9 shows the locations of the seismic refraction lines 
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. 

Twelve boreholes were completed and subsurface soil samples were obtained 
from withm SEPs 207-A, 207-B Center, and 207-B North for charactermQon 
purposes at the locations shown on Figure I1 2-10 Sixteen boreholes were 
completed between the ponds and around the penmeter of IHSS 101 (Figure II 2- 
3) 

Twelve samples of the asphaltic liner and sub-base material were collected from 
SEPs 207-A, 207-B Center, and 207-B North at the borehole locations withm the 
SEPs, as shown on Figure I1 2-10 

One deep borehole (No 42193) within SEP 207-A was drilled into bedrock, 
sampled, and geophysically logged pnmanly for geologic charactenzation 
purposes Subsurface samples were also collected and analyzed for geochemical 
charactenzation purposes, the results of which are discussed in Section I1 3, 
Results of the OU4 Phase I RFI/RI 

Fifteen lysuneters were installed in the vicimty of IHSS 101 and throughout OU4 
for vadose zone charactermtion purposes The locations of the lysimeters are 
shown on Figure I1 2-1 1 Sateen neutron probe access tubes were also installed 
for soil moisture measurements The locations of the access tubes are also shown 
on Figure 11 2-1 1 

Soil, bedrock, asphalt, and pore water samples were collected and analyzed for 
suspected contaminants Section I1 2 3 2, Existing SEPs (IHSS 101) 
Investigatim, descnbes the analytical requirements and methods for the respective 
media The analytical parameters, samplmg and analytical frequency, and 
analytical methods are summarlzed in Table I1 2-4 

Section I1 2 3 2, Existing Ponds (IHSS 101) Investigation, describes in more detail the 
specific activities completed The results of the existing SEPs investigation are presented and 
discussed in Section I1 3 1 2, Existing Solar Evaporation Ponds 

II.2.1.2 Surficial Soils Investigation Overview 

The objective of the surficial soils investigation was to evaluate whether contaminants are 
Contaminants present in these soils are 

This objective was 
present in the upper 2 inches of the surficial soils 
assumed to have been deposited by aerosol dispersion and deposition 
accomplished by completion of the following tasks 

. An OU4-wide gamma radiation survey consisting of 311 data points was 
completed to evaluate the presence of radionuclides resulting from aerosol 
dispersiofi The gamma radiation survey locations are shown on Figure I1 2-5 
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0 Twenty-slx random and 10 dlscrek surficnl sod samples were collected to assess 
the presence of suspected contammnts, the locat~ons of these samples are shown 
on Figure II 2-12 The analytical requirements and methods for analyzrng these 
samples are descnbed in Section I1 2 4 2, Surficial Soil Sampling and Chemical 
Analysis, and are summanzed in Table I1 2-4 

0 Surficial soil samples were obtained from the 36 borehole locations shown on 
Figure I1 2-12 and were analyzed for the parameters listed m Table I1 2-4 to 
augment the results from the random and discrete soil samples 

The results of the surficial soils investigation are presented and discussed in Section 
I1 3 2, Surficial Soil Investigation Results An evaluation of the nature and extent of potential 
surficial soil contamination is presented in Section I1 4 0, Nature and Extent of Contamination 

11.2.1.3 Vadose Zone Investigation Overview 

The design and rahonale for the vadose zone investigation was descnbed in TM1 The 
objectives of th~s investigation mcluded. 

Characteming potential contamination within the vadose zone Evaluating the 
physical and hydrologic charactenstics of the vadose zone that may contribute to 
contammant migration, and acquinng an adequate understanding of the site to 
predict how the vadose zone will respond to changes in the hydrologic system, 

. Evaluatmg the applicability of different vadose zone momtoring techmques, and, 

0 Developlng a vadose zone data base to support future risk assessments, to support 
analysis of remedial alternatives, and to assist in the development of post-closure 
momtomg approaches 

The following activities were completed durmg this investigation 

e Approxunately 200 subsurface soil samples from the vadose zone were collected 
for chemical analyses 
shown on Figure I1 2-3 

The samples were collected from borehole locations 

. Nine samples were collected for column leaching tests at the locations shown on 
Figure I1 2-13 

. Twenty-five soil samples were collected for analysis of physical and hydrologic 
properties at the locations shown on Figure I1 2-13 The analytical requirements 
and methods are described in Section I1 2 5 2, Physical Properties of the Vadose 
Zone 
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0 Borehole permeability measurements wete made using the Bengt-Arne- 
Torstensson (BAT”) system at the locations shown on Figure I1 2-14 

0 Shallow soil permeability was measured at 19 locations using a Guelph 
permeameter 
Figure I1 2-15 

The locations of the Guelph permeameter tests are shown on 

0 Pore water samples were collected from lysuneters and chemically analyzed as 
descnbed in Section I1 2 5 4, Chemical Propertres of the Vadose Zone 
locations of the lysuneters are shown on Figure I1 2-1 1 

The 

. Relative moisture content in the vadose zone was measured usmg a neutron probe 
at the locations shown on Figure I1 2-11 

0 Data loggers and pressure transducers were installed in five wells to measure the 
response of the water table to precipitation events and to evaluate responses 
attributable to secondary porosities Water level measurements were collected at 
an additional 54 wells on a routme basis The locations where water level 
measurements were taken are shown on Figure II 2-16 

0 Soil gas samples were coliected at the 28 locations shown on Figure I1 2-17 for 
the measurement of specific volatile orgamc compounds in the subsurface 

Section I1 2 5, Vadose Zone Investigation, provides a detailed descnption of the methods 
used to complete the investigation The results of the vadose zone investigation are presented 
and discussed in Section I1 3 3, Vadose Zone InvestigaQon Results The nature and extent of 
vadose zone contamination are descnbed in Section I1 4 4, Vadose Zone 

e 

11.2.1.4 Geologic Investigation Overview 

The OU4 Phase I RFI/RI geologic mvesbgabon consisted of evaluatmg and incorporating 
all new and existing lithologic and geophysical data to refine the understanding of the subsurface 
geology beneath OU4 The purpose of tlm mvestigation was to identify geologic features, such 
as subcropping sandstones, paleochannels, and fractured bedrock that may act as preferential 
contaminant migration pathways channels or dramges that were backfilled with artificial 
fill during construction of the ITS and the PSZ also were mvestigated The investigation was 
completed by integrating surface and subsurface geophysical measurements with historical and 
OU4 Phase I RFI/RI geologic data Figure 11 2-18 shows the locations of boreholes and 
momtoring wells in the OU4 area that were used to evaluate OU4 geology 

11.2.1.5 Interceptor Trench System Investigation Overview 

The ITS was investigated to evaluate its effectiveness in captumg shallow ground water 
The effectiveness would be determined by evaluating the extent to which the ITS is keyed into e 28 wpf OU4 Proposed IM/IRA EA Decision Document 
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bedrock and by evaluatmg the ground water head differentlal across the ITS. The mvestigatlon 
' 0 was accomplished by- 

* Reviewing hstoncal records of flow measurements and water chemistry, 

Reviewing engmeermg drawmgs, associated documentation, and analyzing the 
ITS construction with respect to unweathered bedrock, 

0 Estunatmg ITS water balance, and 

0 Installing piezometer banks dunng the OU4 Phase I RFI/RI at the locations shown 
on Figure I1 2-19 to measure water levels 

The results of the ITS mvesogation are presented in the OU4 Phase I1 RFI/RI Work Plan 

II.2.2 Summary of Procedural Guidance and Standards Documents 

Thls section descnbes the applicable procedural guidance and documents that were used 
and/or developed for the OU4 Phase I RFI/RI 

II.2.2.1 OU4 Phase I RFI/RI Work Plan 

The Work Plan contam information concemng data needs and data quality objectives 
(DQOs), OU4 Phase I RFI/RI tasks, schedule, Field Sampling Plan (FSP), Human Health Rsk 
Assessment (HHRA) , Envuonmental Evaluation (EE), a Quality Assurance Addendum (QAA) , 
SOPS, and addenda The following is a summary of the components of the work plan 

' 

Section 1 provides general mtroductory and overview information pertaimng to 
the RFI/RI, 

Section 2 provides a review of hstoncal mformation, previous mvestigations, and 
site physical charactenstics, and a conceptual model of the nature, extent, and 
migration of site contammnts, 

' 0 28wpf 

. 

Section 3 presents potential sitewide Applicable or Relevant and Appropriate 
Requlrements (ARARs), as requued by the IAG, and a discussion of their 
application to the RFI/RI activities at OU4, 

Section 4 discusses DQOs and work plan rationale for the OU4 Phase I RFURI, 

Section 5 specifies the tasks to be completed dunng the OU4 Phase I RFI/RI, 

Section 6 presents the proposed schedule for OU4 Phase I RFI/RI activities, 
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I ,. e Section 7 is the FSP, 

8 Secbon 8 discusses the Baselrne Human Health Rsk Assessment Plan (BRA), 

8 Secbon 9 discusses the EE, 

e Section 10 discusses the site-specific QAA, and 

e Section 11 presents the SOPs and Document Change Notices (DCNs) for 
conductmg the work 

No deviations from the work plan, as amended by TM2 described below, were noted during 
mplementation of the field program 

11.2.2.2 Technical Memorandum No. 1 - Vadose Zone Investigation 

Prior to grantmg unconditional approval of the work plan, the CDPHE and EPA requlred 
the preparabon of a techcal memorandum addressmg vadose zone charactemtion activities 
at OU4 TM1 to the Final OU4 Phase I RFI/RI Work Plan, Vadose Zone Invesfzgatzon, 
presented the proposed vadose zone program and techques to be unplemented at OU4 In 
addition, TMl presented SOPs for vadose zone momtonng activities The TM was structured 
such that specific activibes were identified as "work elements " The activities completed dunng 
the OU4 Phase I RFI/RI, as requlred by TM1, are described in Section I1 2 I 3, Vadose Zone 0 Investigation Overview 

The followmg paragraphs bnefly describe deficiencies in the work elements identified m 
, TMl 

Work Element No 2 - Establish a threedunensional geologic representation of the subsurface 
All data were mtegrated into a geographlc mformation system (GIs) that was used to 
store and mampulate data, however, the spabal representation of data was d e t e m e d  to 
be most clearly shown on planunetnc maps and cross-sections 

Work Element No 3 - IdenbQ potential vadose zone pathways 
This is largely completed, however, the spatial distnbution of macropore flow zones 
versus intergranular flow zones was not determmed 

Work Element No 5 - Implement borehole plan 
All boreholes except for those planned for the double-nng lnfiltrometer tests were 
completed The double-mg lnfiltrometer tests were deleted from the program because 
of the accelerated project schedule, and the because data were determined to be available 
from tests being conducted elsewhere at the WETS 
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Work Element No 6 - CharactenzaUon of c h e m d  and physical properbes of soils. 
Thls task was completed except for the quick-response, portable tensiometer 
measurements of sod cores The tensiometer measurements were not made because the 
mtrument was mstakenly thought to be moperable, however, subsequent laboratory 
measurements of moisture content of a number of soil samples and calculations of matnc 
potentials provided slmdar data 

I 0 

Work Element No 8 - Infiltrabon, hydraulic conductivity, and storage 
The two double-rmg mfidtrometer tests planned m TM1 were not completed due to the 
accelerated project schedule The data were determmed to be available from tests being 
conducted elsewhere at the WETS Neutron probe measurements were made in the 16 
vadose zone monttomg locations, however, the probe was not calibrated against site- 
specific soils, and the data were not used to quantitatively measure zn situ moisture 
content The data were used successfully for qualitative interpretations of in sztu 
moisture content vanabons 

Work Element No 10 - Conduct water balance 
Vadose zone volumetnc water calculations were not made because the neutron probe was 
not calibrated to site-specific sod moisture conditions 

Work Element No 11 - Pore liquid chemistry 
One lyslmeter was not mtalled due to a shallower-than-expected bedrock surface at 
borehole location 42693 north of SEP 207-A Th~s lysuneter was not relocated The 
list of chemical parameters to be analyzed was revised and prioritized due to the limited 
quantity of pore water available dumg samplmg 

Work Element No 13 - Estlmate contaminant partitiomng 
The statement 'I evaluate potential remedial alternatives found at the bottom of 
paragraph 2, page 2-24 of TM1 is addressed in Part I11 of the IM/IF2A EA DD Nitrate 
and major cations/amons were analyzed dunng the column leaching tests, metals and 
radionuclides were not analyzed due to the llmited volumes of leachate obtained 
Contaminant partitiomg was not estmted because the necessary constituents were not 
analyzed 

'I 

Work Element No 14 - Charactermition of vadose zone pathways 
This work element was completed qualitatively to the extent possible with the available 
data The data obtained were mufficient or inappropnate to establish the relationshps 
proposed in TM1, such as transport pathway type for each geologic unit, vadose zone 
flux, pathway locations and onentabons, the interrelationshps between the different 
pathways, and a threedlmensional representation of the vadose zone flow system 
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II.2.2.3 Technical Memorandum No. 2 - Modification to Field Activities 

"342 to the Final OU4 Phase I RFI/RI Work Plan, Modzficatzons fo Field Acfivzfzes, was 
completed dunng May 1993 The purpose of TM2 was to document changes required for 
mplementation of the work plan The basis for modifjring the work plan through TM2 included 
the techcal  reassessment of field investigation methods or technologies described in the work 
plan, clarification of vague or confusing language in the work plan, establishment of undefined 
procedures, inaccessibility of several of the SEPs due to the presence of liquids and/or sludges, 
and an mcreased level of understanding of the hydrogeologic and geochemical environment of 
OU4 dunng the period between completion of the work plan and mplementation of field 
activities Changes to the work plan identified in TM2 pertained specifically to Section 7 0, 
Field Sampling Plan The changes or revisions addressed in TM2 included 

0 Modification to the surface soil radiological surveys to include only betdgarnma 
radiation surveys, 

. Modifications to the visual surveys of the SEPs, 

Modification of the geophysical surveys and rationale for the modifications based 
on pilot study results, 

Modification of the surficial soil sampling procedures and rationale for placement 
of the random and discrete samples, 

. Placement of intern boreholes adjacent to SEP 207-C and the 207-B series SEPs 
until the SEPs are drained and boreholes can be drilled inside them, 

. Deletion, postponement, or modification of selected boreholes, 

Relocation of piezometer banks and mtallation of piezometers in boreholes, and 

Modification of the subsurface sampling program beneath SEP 207-A 

TM2 was closely followed and only a few deviations from the proposed work were noted 
The deviations included 

0 Relocating surficial soil sample No 400393 from approxmately the midpoint of 
the western berm of SEP 207-A just south of Building 788 to the northwestern 
comer of SEP 207-A, 

0 Not collecting surficial soil samples from two of the boreholes drilled for the 
vadose zone investigation borehole 45893 located 111 piezometer bank PZO4 on 
the hdlside north of SEP 207-C, and borehole 46293 located in piezometer bank 
PZOl on the hillside north of SEP 207-B North Surficial soil samples were 
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coIlected from nearby locations and data from these two locations were thought 
to be redundant, and 

DCN No 

93 04 

0 Collectrng surficial soil samples from two planned borehole locations whch were 
deleted from the program (A surficial soil sample was collected at borehole 
location 41893, which was deleted from the program because it was situated in 
OU6 A surficial soil sample was collected at borehole location 42693, which 
was located on the hllside north of SEP 207-A This borehole was deleted from 
the program because bedrock directly underlies the suficial soils, which rendered 
that locaoon lnappropriate for obtaimng vadose zone data from unconsolidated 
geologic matenals ) 

Date Document 

31 17/93 SOP 5-21000- 
OPS FO 14 (Rev 2) 

II.2.2.4 Document Change Notices to Standard Operating Procedures 

511 1/93 

DCNs also were submitted, as required by EG&G, to modify WETS SOPS that govern 
The applicable DCNs submitted during Phase 1 are listed field measurements and activities 

below and copies are included rn Appendlx I1 C 

DCNs to SOPS for OU4 Phase I RFURI Implementation 

SOP 5-21000- 
OPS FO 10 (Rev 2) 

21 17/93 SOP 5-21000- 
OPS FO 06 (Rev 2) 

OPS GT 06 (Rev 2) 
511 1/93 SOP 5-2100- 

93 03 

~~ 

Title 

Field Data Management 

Handling of Personal Protective 
Equipment 

Momtoring Wells and Piezometer 
Installation 

Receiving, Labeling, or Handling 
Environmental Matenal 
Contamers 

11.2.3 Original Ponds and Existing Ponds Investigation 

The following sections describe the various components of the Ongml  Ponds and exist- 
ing ponds investigations The original earthen ponds are former SEPs constructed during the 
early 1950s in and south of the area of current SEP 207-C The existing SEPs are the five sur- 
face mpoundments that currently exist in OU4 and comprise IHSS 101 These current unpound- 
ments are designated SEPs 207-A, 207-B North, 207-B Center, 207-B South, and 207-C 
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II.2.3.1 Original Ponds Investigation 

The pnmary objectives of the Onglnal Ponds investigation included locatmg the 
boundaries of the ponds and locating any piping or other debns remainmg in place after the 
ponds were removed These objectives were met by reviewing historical aerial photographs and 
engineenng drawmgs, and mplementmg GPR surveys, which are described below Additional 
objectives of the mvestigation mcluded characterizing the chemistry of the near-surface and 
subsurface soils, identifymg the presence of former clay liner material, providmg information 
on the depth to ground water, and better defimng the underlying bedrock surface and zones of 
weathering These activities also are described in the following subsections 

11.2.3.1.1 Historical Aerial Photographs Review 

A number of aenal photographs were reviewed to determine the locations of the Original 
Ponds and to evaluate optmum locations for the OU4 Phase I RFI/RI boreholes A listing of 
the photographs reviewed is presented in Table I1 2-2 

11.2.3.1.2 Engineering Drawings Review 

Engineering drawings were reviewed to determine the locations of the Original Ponds and 
any utilities or process waste Imes present m the area One purpose for this was review to 
optunlze geophysical survey locations for a more accurate determination of whether GPR surveys 
are capable of locating utility corridors Table I1 2-3 lists the engineering drawings that were ' a reviewed 

II.2.3.1.3 Ground Penetrating Radar Survey 

A GPR survey of the Onglnal Ponds area was completed during April 1993 Seven lines 
totalmg 1,200 linear feet were recorded usmg a Geophysical Survey Systems, Inc Model SIR 
System-6 GPR with a 300-megahertz antenna The data were recorded on magnetic tape, and 
records were produced m the field to venfy that the system was operatmg properly and that 
usable data were bemg collected The tapes were later processed to ellminate background 
"noise" and to enhance the amplitude of anomalies detected along the lmes Section I1 3 1 1, 
Origlnal Earthen Ponds, presents and discusses the results of the GPR surveys 
11.2.3.1.4 Drilling, Sampling, and Chemical Analysis 

The OU4 drilling program was implemented to accomplish specific objectives in different 
areas withln OU4 These areas, as outlmed in the Phase I Work Plan, include the Original 
Ponds area, the existing SEPs area, the ITS area, and the remainder of OU4 The methods for 
drilling and sampling at each location were smilar throughout the program To avoid repetition 
and redundancy, any subsequent description of dnllmg and subsurface sampling activities will 
be referred to this section The following SOPS, as revised by DCNs, were adhered to, as 
applicable, during the drilling program 
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SOP GT 01 
SOP GT 02 
SOP GT 03 
SOP GT 05 
SOP GT 06 
SOP GT 08 
SOP GT 10 
SOP GT 15 
SOP FO 02 
SOP FO 03 
SOP FO 04 
SOP FO 06 
SOP FO 08 
SOP FO 10 
SOP FO 1 1  
SOP FO 13 

SOP FO 14 
SOP FO 15 
SOP FO 16 
SOP FO 18 
SOP FO 23 

The samples i C  

Logging of Alluvial and Bedrock Matenak 
Dnlling and Sampling Using HolWStem Auger Techniques 
Isolatlng Bedrock from the Alluvium with Grouted Surface Casing 
Plugging and Abandonment of Boreholes 
Monitonng Wells and Piezometer Installation 
Surface Soil Sampling 
Borehole Cleanng 
Geophysical Borehole Logging 
Transmittal of Field QA Records 
General Equipment Decontanunation 
Heavy Equipment Decontamination 
Handling of Personal Protective Equpment 
Handling of Dnlling Fluids and Cuttings 
Receiving, Labeling, and Handling Environmental Matenals Containers 
Field Communications 
Containenzation, Preserving, Handling, and Shipping of Soil and Water 
Samples 
Field Data Management 
Photoionization Detectors (PIDs) and Flame Ionization Detectors (FIDs) 
Field Radiological Measurements 
Environmental Sample Radioactivity 
Management of Dnll Cuttings (drafi) 

ollected were analyzed for the parameters listed in Table I1 2-4 

11.2.3.2 Existing Ponds (IHSS 101) Investigation 

This section presents the components of the existing ponds (IHSS 101) investigation 

II.2.3.2.1 Visual Inspections of SEP Liners 

Visual mpections of the SEP liners were completed to evaluate the integrity of the liners 
and to identify potential cracks or breaches to determine the locations and accessibility of 
proposed boreholes The visual inspections of each of the SEPs were used to locate boreholes 
both in areas of suspected liner detenoration and in areas where the liner appeared to be intact 
The visual inspections were conducted by walking traverses across the SEP, pIotting cracks or 
irregularities on a map, and taking photographs for a permanent record of the surface condition 
of the liner 

The visual inspection of SEP 207-A was completed in two phases on December 9, 1992 
and February 26, 1993 because of the presence of ice and snow covenng approxlmately haif the 
SEP during December The visual inspections of SEPs 207-B Center and 207-B North were 
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completed dunng September 1993 The results of each of the visual mpect~ons are !immmmd 
in Section I1 3 1 2, Existing Ponds Investigation Results Separate reports that mclude 
photographs detailing the findings of the visual mpections were prepared and are mcluded in 
Appendix I1 D 

' @ 

11.2.3.2.2 Radiological Surveys of the SEP Liner Surfaces 

The objectives of the radiological surveys within the emptied SEPs were to idenofy the 
presence of radiological contamination on the surface of the SEP, defme health and safety 
requirements, and assess the level of surficial radiological contamination of the liner A brief 
summary of the principles behmd the radiation surveys is presented below pnor to discussmg 
surveys performed in the SEPs 

Radiation: According to The Health Physics and Radiological Health Handbook, radioactivity 
is the spontaneous emission of radiation, generally alpha or beta particles, often accompamed 
by gamma rays, from the nucleus of an unstable isotope The major source of iowmg radiatlon 
to the general public occurs naturally as cosmic and terrestrial radiation The natural 
background radiation level vanes from location to location based upon the altitude and the 
presence, concentration, and proxrmity of prunordial radioactive material (I e , natural uramum 
spurs within the ground) 

Workers withm the nuclear industry are tramed in the hazards associated with radiation 
Therefore, depending upon the activity to be performed within the nuclear facility, the radiation 
worker may be exposed to iomzing radiation that is associated with their work or occupation, 
in addition to that from the natural background The quantity and type of occupational radiation 
that a radiation worker receives is regulated and momtored by the nuclear facilities, which are 
themselves regulated and momtored by the federal government 

0 

Exposure Monitoring: Based upon a hstoncal evaluation, the types of radiation that are 
typically emitted by the radioactive materials that were located withm the SEPs include gamma 
rays and alpha and beta particles The radiatlon surveys that were conducted within OU4 
included dlrect momtomg of alpha, beta, and gamma radiation When the dlrect radiation 
surveys were being performed, the radiabon momtor was detectmg the combmed background 
and occupational radiation exposure rate at the grid location in question For the purposes of 
this study, the direct radiation survey results are referred to in umts of either counts per mmute 
(cpm) or cpm above background As the phrase implies, cpm above background values include 
only that quantity of radiation that is in excess of the general background radiation level 
General background radiation levels are determined on a daily basis at the WETS by taking a 
direct radiation level readmg in an area that should only be affected by natural background 
radiation 

Different instrumentation was used for each type of radiation momtoring For the beta 
direct surveys, the m i m u m  detectable activity for the instrumentation used was 100 cpm For 
gamma survey instrumentation, the survey results documented within this report are presented 
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as raw field measurements (i.e., background has not been subtracted from the measurement 
values) The mllllfnum The rmnunum detectable act~vity for the dmct alpha survey 
instrumentation was 250 cpm 

0 
Contamination Monitoring: Radioactive contaminaon is defmed m slmplest terms as the 
presence of radioactive matenal that may unpact human health or the environment 
Contamination momtoring does not measure the exposure to specific types of radiation, but 
evaluates the presence and quanQty of contammation The amount of contamination that can be 
"easily" removed is measured by wipmg the surface in quesQon with a treated cloth (smear) and 
then momtoring the smear for radiation Typically, smears are taken over a 100 square 
centuneter (cm2) surface area for consistency The measurements are reported m disintegrations 
per minute (dpm)/100 cm2 

For both alpha and beta contammation surveys, the m m w n  detectable activity for the 
instrumentation used to count the smears is 3 dpd100 cm2 Those values noted as being less 
than ( <) 3 dpd100 cm2 are delmeated on the figures withm this report as 0 dpd100 cm2 

Existing Ponds Alpha Surveys: The SEP alpha radiation surveys were conducted in accordance 
with guidelmes established in RFETS Radiological Operating Instruction (ROI) 3 1 , Perfonruznce 
of Suvace Contamznutzon Surveys Each of the surveys consisted of both an instrument survey 
of the surface of the SEP h e r  and a smear survey in order to mvestigate removable, non-fixed, 
alpha particles A Ludlum 12-1A@ coupled to an air-proportional detector was used to perform 
the instrument surveys Eberlme SAC-4QP and BC4@ instruments were used to complete the 
smear surveys The alpha activity measurements were recorded on Radiological Contamination 
Survey Forms and are included in Appendlx I1 E 

* 
The SEP 207-A alpha survey was completed dumg November 1992 and was described 

in memorandum RWN-019-92 To complete the surveys, a gnd system with 136 square grid 
areas was established on the h e r  of the SEP at approxlmately 25 feet centers For most of the 
square grid areas, three alpha measurements were made for a total of 412 alpha measurements 
withm SEP 207-A The alpha survey locations m SEP 207-A are shown on Figure I1 2-6 
Section I1 3 1 2, Exrstmg Ponds Investigation Results, presents and discusses the results of the 
alpha activity survey m SEP 207-A As mentioned, copies of the field forms are mcluded in 
Appendix I1 E 

To complete the SEPs 207-B Center and 207-B North alpha surveys, grid systems 
establishing a total of 165 square grid areas were made for each SEP, as shown on Figures I1 2- 
7 and I1 2-8 The surficial radiological measurements were taken near the center of each square 
grid area The alpha survey for SEP 207-B Center was performed during July 1993 in 
accordance with Radiological Samplmg Plan RWN-024-93 The alpha survey for SEP 207-B 
North was performed dunng September 1993 in accordance with Radiological Sampling Plan 
RWN-033-93 
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Existing Ponds Beta/Gamma Surveys: The beta/gamma activity surveys m the SEPs were 
completed usmg a Bicron@ Field Instrument for the Detection of Low-Energy RadiaQon 
(FIDLER) in accordance with guidelmes established m ROI 6 6, Use of the Bicron FZDLEU 
(Field Instrument for the Detection of Low Energy Radiation) and ROI 3 1, Pe#ormunce of 
Surface Contamination Surveys Copies of the BedGamma Radiological Contamination Survey 
Forms are included in Appendlx I1 E 

The SEP 207-A bedgamma survey was completed dumg November 1992 in accordance 
with and as described m memorandum RWN-015-92 The survey was accomplished by talung 
measurements withm the SEP 207-A gnd discussed above and shown on Figure I1 2-6 The 
liner surface of each square gnd area established withm SEP 207-A was scanned with the 
FIDLER mtrument and the lughest one-mmute scalar value was used as the representative 
measurement for that gnd area A total of 136 measurements was obtained dunng the FIDLER 
survey Section I1 3 1 2, Existing Solar Evaporation Ponds Investigation Results, presents and 
discusses the results of the FIDLER survey in SEP 207-A 

The bedgamma surveys for SEP 207-B Center were performed during July 1993 and 
described in memorandum RWN-02493 The bedgamma surveys for SEP 207-B North were 
performed dumg September 1993 and descnbed in memorandum RWN-033-93 The surface 
of the square gnd areas establlshed withm SEPs 207-B Center and 207-B North were scanned 
with the FIDLER mtrument and the highest one-minute scalar measurement was used as the 
representative value for that square gnd area A total of 165 measurements was obtained from 
each of the 207-B SEPs A background measurement location against which to record liner 
measurements was established on the northern side of SEP 207-B North These results are 
presented and discussed in Section I1 3 1 2, Existing Ponds Investigation Results Copies of the 
Beta/Gamma Radiological Contammation Survey Forms used for the surveys are included in 
Appendix I1 E 

0 
I 

II.2.3.2.3 Ground Penetrating Radar Survey 

GPR surveys were completed only witlun and adjacent to SEP 207-A The purpose of 
the surveys was to evaluate the applicability of GPR as a non-mtrusive mvestigative method 
These surveys were completed using a Geophysical Survey Systems, Inc Model SIR System-6 
GPR using both 300-MHz and 900-MHz antennas Data were recorded on magnetic tape, and 
records were produced m the field to verify that the system was operating properly and that 
usable data were being collected 

Two pilot surveys were conducted during December 1992 to test the viability of using 
GPR in SEP 207-A The first pilot survey was a field calibration test to evaluate the depth of 
penetration that GPR was capable of in this area The second pilot survey was a comparative 
analysis test to evaluate two different antennas 

The field calibration test was conducted outside the southwestern comer of SEP 207-A, 
Four GPR survey lines, totaling approxrmately 200 feet, were as shown on Figure I1 2-4 
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recorded usmg a 300 MHz antenna These lms were located perpendicular to known utdity 
corridors to evaluate the depth of penetration of the 300 M H z  antenna The results of thls 
survey are presented and dmussed m Sectlon II.3 1 2, Existmg Ponds Investrgation Results 

' 

The comparafive analysis test was conducted withm the western and southwestern portion 
of SEP 207-A Th~s test consisted of recording 1 1 lmes spaced 20 feet apart that totaled 1,100 
feet using a 300 MHz antenna SIX of the 1 1  lines, totalmg 550 feet, were duplicated using a 
900 MHz antenna for comparative purposes The results of the comparative survey are 
discussed in Section I1 3 1 2, Existmg Solar Evaporation Ponds Investigation Results 

11.2.3.2.4 Liner and Subgrade Sampling and Analysis 

Twelve asphalt liner and subgrade samples were collected from the SEPs as shown on 
Figure I1 2-10 SIX samples were collected withm SEP 207-A durmg February 1993, and three 
samples were collected from each of SEPs 207-B Center and 207-B North dumg October and 
November 1993 Samples of the asphalt liner were not ongmlly planned for the OU4 Phase 
I RFI/FU, however, it was suggested m the work plan that analyses may be useful for waste 
disposal purposes Samples of the subgrade materials were origmlly planned to be collected 
at the locations (boreholes) specified for contammnt charactemtion purposes The work plan 
origmlly specified that only five locatlons in SEP 207-A were to be sampled, however, the 
locations were modified on the basis of the visual survey (see TM2), and a sixth sampling 
location was added The smth borehole was originally located in the vicimty of the clarifier but 
was relocated d u n g  the field mvestrgation due to the existence of surface facilities at the 
proposed locabon The asphalt lmer and subgrade samples were analyzed for the radionuclides 
and total metals listed in Table I1 2-4 

e 
The liner samples from each of the SEPs were collected by compositing the asphalt liner 

excavated for the boreholes and placmg a split into a clean glass jar There was no SOP 
available for collectmg liner samples durmg thls investigation The subgrade matenal samples 
were collected usmg grab surficial soil sampling methods descnbed in SOP GT 08, Surjiuce Soil 
Sumplzng, as modified by DCN No 93 03 The results of the h e r  and subgrade samples are 
summarlzed and discussed m Secfion 11 3 1 2, Existmg Investigation Results A complete listing 
of the analytical results for the h e r  and subgrade samples is mcluded m Appendices I1 L and 
I1 M, respectively 

11.2.3.2.5 Borehole Drilling, Sampling, and Chemical Analysis: 

Twelve boreholes were drilled within the SEPs for geochemical and geological 
characterlzation purposes, as shown on Figure I1 2-3 Slx boreholes were completed in SEP 
207-A, and three boreholes were completed in each of SEPs 207-B Center and 207-B North 
The boreholes were dnlled and sampled using hollow-stem auger drilling techmques, as 
previously described No deviations from the work plan, as amended by TM2, were recorded, 
and activities were completed using SOPS 
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The mtervals requmd for collection of subsurface samples beneath the SEPs were 
specified in TM2 and vaned from those requmd for subsurface samples collected outside the 
SEPs Beneath the SEPs, the followmg sample collection mtervals were required 

Composited over 2-foot intervals Radionuclides, target analytic list (TAL) metals 
2 feet below ground and every other 
2 feet, one sample from bedrock Volatile organics 
Composited over 4-foot intervals Nitrate 
Composited over 6-foot intervals Semivolatile orgamcs, pesticides, PCBs, cyamde, 

sulfide 

The analytical parameters required for the subsurface samples also are summarized in 
Table I1 2-4 Intermlxmg of unconsolidated soils and bedrock samples for analysis was 
mlnunlzed to the extent possible to elmxnate mrxmg of samples with different natural 
chemistries Samples generally were composited over 6-foot intervals (where appropriate), with 
the exception of the samples collected for volatile orgmc compound (VOC) analyses 
Unconsolidated soils and bedrock matenal were not composited together for analysis VOC 
samples were collected at discrete 2-foot intervals The results of the borehole drilling and 
samplmg withm the SEPs are summanzed and descnbed m Section I1 3 1 2, Existing Ponds 
Investigation Results A complete listing of the chemical analytical results for the borehole is 
mcluded m Appendix N 

II.2.4 Surficiai Soils Investigation 

This section describes the activities conducted as part of the surfkial soils investigation 
Activities mcluded performmg surface radiological surveys and collecting soils samples for 
chemical analysis 

II.2.4.1 Radiological Surveys 

The OU4 Phase I RFI/RI objectives for the surficial soil radiological surveys included 
charactenzmg potentially contaminated soil resultmg from aerosol dispersion of radionuclides 
in the vicmty of the SEPs and identifying dispersion trends Radionuclide "hot spots" detected 
during th~s  survey were further mvestigated with supplemental surficial soil sampling 

The OU4-wide radiological survey was conducted on a grid-system as shown on Figure 
E1 2-5 The grid was established on 100-foot centers extending east from Building 771 to the 
eastem-most extension of the ITS The grid extended from approxlmately 150 feet south of the 
SEPs to the northern edge of the ITS Areas within the PSZ were excluded from the survey 
The individual SEPs also were excluded from the OU wide survey, however, separate surveys 
of SEPs 207-A, 207-B Center, and 207-B North were conducted, as previously described SEPs 
207-B South and 207-C were not surveyed due to the presence of sludge and liquids An 
additional survey point was placed at the center of each 100-foot square grid within the PA south 
of the PSZ A total of 311 measurements was made, which differed from the 350 points 
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estunated in the work plan due to the presence of bulldrngs and structu.~s, and lack of access 
to some of the sms @ 

Al~ha  Survey The Phase I Work Plan field methods for the surficial soil 
radiological survey rncluded measurement of both alpha and gammdbeta at all 
surficial radiological survey locations However, only bedgamma activity 
measurements were obtained due to Imitations of the alpha mtrument The 
instrument became damaged from contact with megular soil surfaces and 
vegetation The justification for the elmmation of the alpha measurements from 
the OU4-wide radiological survey is presented in TM2 

BetaIGamma Survey Figure I1 2-5 shows the gnd locations for the OU4-wide 
surficial soil radiological survey where measurements were made A total of 3 11 
measurements out of 350 identified measunng locations for gammdbeta readmgs 
were obtamed for the OU4-wide survey Measurements were not collected at 39 
locations because of buildmgs, SEPs 207-C and 207-B South which contained 
liquids and sludges, or other physical interferences 

The OU4-wide bedgamma radiological survey was completed usmg a Bicron 
FIDLER instrument m accordance with SOP FO 16, Field Radiological 
Measurements and ROI 6 6, Use of the Bicron FIDLER Documentation of each 
radiological measurement was recorded on Form FO 16A, Results of Radiological 
Measurements In The Field Copies of the completed forms are contamed in 
Appendix I1 F All surficial radiological measurement locations were determined 
using pacing measurements and/or taping measurements As discussed in TM2, 
the radiological survey gnd locations were not to be land surveyed or tied to the 
WETS datum unless a surficial soil sample was collected at that location 

II.2.4.2 Surficial Soils Sampling and Chemical Analysis 

In addition to surface radiological surveys, the surficial soils program included the 
collection and laboratory chemical analysis of surficial soil samples The samples were analyzed 
for the parameter groups listed m Table I1 2-4 Table 11 2-5 lists the specific chemical 
constituents in each parameter group for contract laboratory program (CLP) methods The 
prunary objective of the surfkial soil samplmg program was to identify and charactenze any 
potential soil contamination resulting from aerosol dispersion 

The surficial soil sampling program consisted of three components 

. Collection of 26 samples from randomly chosen locations, 
Collection of 10 samples from discrete locations, and 
Collection of 36 samples from borehole locations 

. 
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The discrete locahons were chosen based on hgh gamma radmon measurements, and 
proxlmity to ground water seeps, and to provide addibonal data for the baselme mk assessment 
The analytical parameters for both the random and discrete surficial soil samples are listed m 
Table I1 2-4 

@ 

The sample collection methods are descnbed in SOP GT 08 as amended by a DCN 
requested by CDPHE Pursuant to correspondence between CDPHE and DOE, dated September 
1, 1992, surficial sod samples witfun the PA were collected with a "jig and scoop" at the center 
and four comers of a one-meter square centered on the samplmg location Thls sample was then 
homogemzed m a stamless-steel bowl In paved areas, such as beneath the SEP her s ,  grab 
samples were taken, rather than homogemzed jig and scoop samples A DCN was written to 
SOP GT 08 for these amended methods for sample collection Documentation of each surficial 
soil sample collected was recorded on form GT 8A, Sutface Soil Data Collection Form, and is 
included in Appendlx I1 G 

Additional SOPS that were followed for the collection of surficial soil samples mcluded 

SOP FO 03 
SOP FO 13 

SOP FO 16 

General Equipment Decontamination 
Containenzation, Preserving, Handling and Shrpping of Soil and Water 
Samples 
Field Radiological Measurements 

SOP GT 07 Logging of Test Prts and Trenches 

' 11.2.4.2.1 Random Locations 

The 26 random surficial soil sample locations were selected, as described in TM2, by 
determnng the dunensions of OU4, setting up a gnd for the area, and selecting the coordinates 
for sampling locations usmg a random number table The coordinates were then compared to 
areas of inaccessibility and discarded if they fell in mccessible areas The final sampling 
locations are shown on Figure I1 2-12 

Three of the locations fell withm SEP 207-A, an area undeslrable for surficial soil 
samples because samplmg from beneath the SEP h e r  did not support the objective of evaluatmg 
the extent of potential aerosol contaminant dlspersion These locations were moved to locations 
outside of the SEP 207-A permeter, but near the original randomly selected location I 

11.2.4.2.2 Discrete Locations 

The collection of 10 discrete surficial soil samples at radionuclide "hot spot" locations 
identified in the OU4-wide radiological survey was modified due to the lmited number of 
locations exhibiting anomalous radiation measurements These discrete surficial soil sampling 
locations included three locations that exhibited elevated radiological activity (Nos 27, 28, and 
29) Four of the 10 samples were relocated to ground water seep areas on the slope mediately 
north of the SEPs (Nos 30, 31, 32, and 33) The three remainmg discrete soil samples were 
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0 collected at locahons to provide additional data for the baseline nsk assessment (Nos 34, 35, 
and 36) These locations are shown on Figure II 2-12 Detailed jusbficabon and descnphons 
for each of these locabons can be found m Section 3 4 of TM2 

II.2.4.2.3 Borehole Locations 

Surficial soil samples also were collected at 36 of the soil boreholes dnlled for the 
Ongml Ponds, the vadose zone, and geologic investigations to complement the surficial soils 
program The locations of the surficial soil samples collected at borehole locahons also are 
shown on Figure 11 2-12 These samples were analyzed for the suite of parameters listed m 
Table I1 2-4 

J.I.2.5 Vadose Zone Investigation 

The vadose zone mvestigabon was designed to evaluate water storage and migration 
charactenstics of the vadose zone, evaluate chemical quality of the unsaturated system at 
WETS, and test vanous momtonng techmques The data were used to characterne and identify 
potential contamlnant sources, evaluate the extent of vadose zone contamination, and aid in 
identifying potential subsurface migration pathways The scope of the vadose zone investigation 
is defined in TM1 

To accomplish these activities, vadose zone momtormg, samplmg, and data collection 
procedures were selected, whch mcluded soil moisture content measurements using a neutron 
probe, tensiometer measurements, and suction lysuneter measurements Additionally, TM 1 
specified that site-specific dlrect and indlrect momtoring techmques and instrumentation be 
evaluated for theu applicabdity to collect pore water and to measure soil moisture content 
Duect methods that were evaluated included collection of pore water, laboratory geotechmcal 
testing for chemical and physical properties of vadose zone soils, borehole permeability testmg , 
surface infiltration testmg, and collection of soil gas samples Indlrect methods that were 
evaluated mcluded borehole geophysical loggmg and measurements of in situ soil moisture usmg 
a neutron probe A water balance also was estunated from the data m support of the evaluahon 
of migration pathways and evaluahon of the ITS The following sections descnbe the activities 
completed 111 support of the vadose zone mvestigabon 

11.2.5.1 Drilling, Soil Sampling, and Instrument Installation 

As described in TM1, the locations for vadose zone testing were chosen to characterize 
representatlve conditions beneath OU4 Pmcular emphasis for selecting locahons was placed 
on historical data that contained mformation on ground water seepage locations, surface water 
quality, pre-ITS and PSZ construction topography, construction history, and local hydrogeology 
A prellminary review of existing data and data from the mhal boreholes drilled durmg the OU4 
Phase I RFI/RI program allowed for a refinement of the proposed vadose zone borehole 
locations Seventeen soil boreholes were dnlled, sampled, and instrumented m support of the 
vadose zone investigation (previously shown on Figure I1 2-1 1) Sixteen of the boreholes were 
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equipped with suction lysmekrs and neutron modemoon access tubes. The remauung borehole 
was equipped with only a neutron moderabon access tube Of the 17 vadose zone boreholes 
proposed, eight were relocated to characterize the potential vadose zone migration pathways 
Justifications for each relocabon are detailed in TM1 

0 

All boreholes were dnlled and sampled in accordance with SOP GT 02, Dnlling and 
Sampling Using Hollow-Stem Auger Techniques No deviations from the SOPS were noted in 
the field records Dumg dnllmg, a BATTM probe was pushed into the soils ahead of each auger 
flight to measure the range of in situ hydraulic conductivities and to evaluate the effectiveness 
of this system in low hydraulic conductivity soils Section I1 2 5 3 provides a detailed 
descnption of this system and its unplementation 

Upon completion of dnllmg and sampling, each of the boreholes was equipped with 
neutron moderation probe access tubes for measunng m sztu soil moisture content (Section 
I1 2 5 3) and with suction lysuneters for sampling pore water (see Section I1 2 5 4) The 
neutron moderation probe access tubes were constructed of 2-inch mside-diameter flush-threaded 
Schedule-40 Polyvinyl chloride (PVC) pipes and were installed agamt the borehole walls using 
decentralmng devices 

At least one suction lyslmeter was mtalled in each borehole, the locations of which are 
shown on Figure II 2-11 Two lysuneters were installed in seven boreholes where the 
unsaturated hckness at that location was greater than 5 feet The lysimeters, manufactured by 
Soil Moisture Equipment Company (Model 1920), consisted of a 1 9 inch outsidediameter PVC 
riser tube connected to a 2-bar air-entry porous ceramic cup, with a neoprene plug and air and 
water lines SOP VZ 10, presented in Appendlx B of TM1, descnbes the installation procedure 
for the lyslmeters Figure I1 2-20 is a schematic diagram showing typical lysuneter installations 
Appendlx I1 H of this document includes completion logs of all lyslmeters installed dunng the 

I) 

I OU4 Phase I RFI/RI 

TM1 also specified that 16 boreholes were to be dnlled to accommodate time domain 
reflectometry (TDR) and frequency domam capacitance (FDC) instruments to support the two 
proposed double-mg infiltration tests The double-mg infiltrometer tests were not completed, 
and these boreholes were not dnlled The reason for not completmg thls work, by agreement 
between the CDPHE and EG&G, was that the data could not be obtained due to the accelerated 
project schedule It also was agreed that infiltration data being collected elsewhere at the 
WETS would be incorporated into the OU4 Phase I RFWRI report 

11.2.5.2 Physical Properties of Vadose Zone 

Twenty-five soil core samples from 14 vadose zone boreholes were collected for 
measurements of physical and hydrologic properties The locations of the boreholes where the 
samples were collected are shown on Figure I1 2-13 All samples were visually inspected in the 
field and screened for radionuclides and volatile orgamcs accordmg to health and safety ' 0 28 wpf 
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protocols The samples were! stored m a cooler upon collemon, and shlpped dumg September 
1993 to a g e o t e c h d  laboratory for testmg The laboratory tests mcluded 

Particle sue sieve and hydrometer tests (ASTM D422-63), 
Imtial soil moisture content (ASTM D2216-80), 
Moisture retenQon drying curve analysis (ASTM D2325-68(81), 
Particle density (ASTM D854-91) and dry and saturated bulk density (Klute, 
1986), 
Electncal conductivity (Rhodes, 1982), 
Atterberg lrrmts (ASTM D4318-84), 
Saturated hydraulic conductivity [ASTM D2434-68(74) or Klute, 19861, 
Total orgamc carbon (ASTM D2579-85), and 
Cation exchange capacity (EPA Method 9081) 

The results of these tests are presented and discussed in Section I1 3 3 2, Physical 
Properties of the Vadose Zone 

II.2.5.3 Hydraulic Properties of Vadose Zone 

The capacity of geologic materials to transmit and retain fluids has a direct effect on the 
development of preferential contammnt migration pathways Physical properties of surficial 
and subsurface matenals were evaluated to estunate saturated hydraulic conductivity, infiltration 
rates of water ponded on the ground surface, soil moisture matric potential relationships, and 
the tune required for water in the vadose zone to reach the water table The following 
subsections and Section I1 3 3, Vadose Zone Investigation Results, describe the methods for 
evaluatmg the aforementioned properties 

11.2.5.3.1 Field Permeability Tests 

In situ permeability of the vadose zone matenals, wluch included the Rocky Flats 
Alluvium and the weathered Arapahoe Formation, was tested to evaluate the ranges in hydraulic 
conductivities of the different lithologic umts withm the vadose zone and to evaluate vadose zone 
testing equipment The tests mcluded the BATTM probe and Guelph Permeameter measurements 
Tests conducted usmg a BATM probe mvolved measunng water inflow rates and pressures into 
isolated portions of the lithologic un~ts of interest in the vadose zone boreholes SOP SW 34 
(draft), In situ Sampling with B A P  System, provides a descnption of the procedures for using 
the BATTM system for these measurements 

In summary, the BATm system was developed by Bengt-Arne-Torstensson for in situ gas 
and/or liquid samplmg The system uses drive points attached to 1-inchdiameter steel rods that 
are advanced into undisturbed soils to the target depth The BATTM system dnve point used 
during the OU4 Phase I RFI/RI consisted of a ceramic cup, through which falling head 
infiltration tests could be conducted to measure hydraulic conductivities BATTM tests generally 
are llmited to soils with hydraulic conductivities less than 10" cm/s 

28 wpf OU4 Proposed IMlIRA EA Decision Document 
I1 2-23 February 10 1995 



Nmeteen B A P  hydraulic conductivity tests were completed at 14 locatrons (Figure I1 2- 
14) by dnvmg the ceramic cup pout to the target depth, insertlng a small volume of water 
(10 60 milliliters) mto the formation, and pressuming the column of water with small volumes 
of air The resultmg pressure reduction, or fall-off, was recorded via a pressure transducer and 
datalogger, and hydraulic conductivities were calculated Generally, tests were conducted at 
approxunately 5-foot mtervals or when lithologic uats of particular interest were encountered 
durmg drillmg Four of the 19 tests were unsuccessful (locations 41793, 42893, 43793, and 
44093), principally due to the inability to drive the point through the Rocky Flats Alluvium 
At the r emamg 10 locations, 15 successful tests were completed Section I1 3 3 3, Hydraulic 
Properties of the Vadose Zone, presents and discusses the results of the BATM tests 

0 

Twenty-four Guelph Permeameter tests were attempted at 19 locations, as specified in 
TM1 and shown on Figure I1 2-15, to determme hydraulic conductivity of the near-surface soils 
These tests were conducted adjacent to 18 of the OU4 Phase I RFI/RI boreholes and one existing 
momtoring well The numenc designation of the test is associated with the corresponding 
borehole or well 

The Guelph permeameter is a constant-head permeameter, manufactured by Soil Moisture 
Corp , that provides a method for determmng field-saturated hydraulic conductivity greater than 
lo4 c d s ,  mamc flux potential, and soil sorptivity The method involves measuring the steady- 
state rate of water recharge mto the shallow soils from a cylindncal hole in which a constant 
head of water is mamtamed Figure I1 2-21 presents a schematic diagram of the testing 
apparatus All tests were conducted in accordance with SOP VZ 2, Procedure for Uszng the 
GueZph Penneameter, presented in Appendix B of TM1 1 0 

, Of the 24 tests, three failed due to borehole collapse or the inability to advance the power 
auger below grade Duplicate tests were conducted at four locations two on the northern end 
of SEP 207-A, one mide SEP 207-A, and one south of SEP 207-A Section I1 3 3 3, Field 
Measurements of Hydraulic Properties, presents and discusses the results of the Guelph tests 

As previously stated, two mtrumented double-ring diltrometer tests to measure 
ifiltraoon rates were to be completed as part of the OU4 Phase I RFI/RI They were not 
completed, however, avallable infiltration data from sunilar infiltration tests completed in OU2 
are incorporated mto the OU4 Phase I RFI/RI report as appropriate 

11.2.5.3.2 Laboratory Permeability Tests 

Twenty-five soil core samples were collected from 14 vadose zone boreholes during the 
OU4 Phase I drilling program for laboratory permeability testing The locations of the boreholes 
from which the samples were collected are shown on Figure I1 2-13 The tests conducted 
included saturated hydraulic conductivity by ASTM D2434-68(74) and soil water characteristic 
curve tests by pressure-plate methods to measure the matnc potential under varying moisture 
contents Section I1 3 3 4, Laboratory Measurements of Hydraulic Properties, presents and 
discusses the results of these tests 
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II.2.5.3.3 Neutron Probe Measurements 

Figure I1 2-1 1 shows the locations of the 16 vadose zone momtoring boreholes that were 
completed with neutron access tubes for measumg in situ soil moisture content with neutron 
moderation probes The neutron probes and gauge assemblies used during this study were 
503DR-1 5 and 503DR-2 hydroprobes manufactured by CPN Corporation The pnmary 
components of these portable probes were the source (50 millicuries Americium-24 l/Beryllium) 
and detector, contained in the downhole probe, and the shielding and signal processor, housed 
within the body of the gauge Neutron counts were measured at 1-foot intervals from the ground 
surface to near the bottom of the neutron access tube The counts were averaged over a 
counting penod of 32 seconds Neutron counts are typically converted to approxunate 
volumetnc moisture content using either gauge-specific or field-generated calibration curves 
Since the probes were not calibrated in accordance with TM1, the neutron count data are 
reported as recorded 111 the field Section I1 3 3 3, Field Measurements of Hydraulic Properties, 
presents and discusses the results of these measurements, including estunations of the saturation 
levels in the respective boreholes 

II.2.5.3.4 Water Level Measurements 

The vertical fluctuation of the ground water table was measured by using pressure 
transducers and data loggers at five existmg ground water momtoring wells within OU4 and by 
collecting manual water level measurements at approxunately 50 additional piezometers and 
momtonng wells The locations of these wells and piezometers are shown on Figure I1 2-16 
Data from these locations will be used to estlmate integrated travel times from the ground 
surface to the water table and used in calculations for comparing water table fluctuations with 
precipitation events and changes in moisture content within the vadose zone This estlmate 
provides a means for calculating the vertical infiltration rates and water balance of the vadose 
zone and fluctuations of the water table 

0 

II.2.5.4 Chemical Properties of Vadose Zone 

Ths  section bnefly descnbes the activities conducted to obtain chemical data from the 
vadose zone 

11.2.5.4.1 Soil Chemical Analyses 

Soil samples collected dumg vadose zone borehole drilling were analyzed for the 
parameter groups listed 111 Table I1 2-4 Table I1 2-5 lists the specific chemical constituents in 
each parameter group for CLP methods In addition, the vadose zone physical and hydrologic 
property samples were analyzed for total orgamc carbon and cation exchange capacity The mne 
soil samples collected for leaching tests discussed below were analyzed for mtrate, bulk density, 
specific gravity, and moisture content prior to commencing the column leaching tests The 
results of these analyses are presented and discussed in Section I1 3 3 6, Chemical Properties 
of the Vadose Zone 
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II.2.5.4.2 Soil Gas Survey a 
Soil gas samples were obtained at 28 locations (Figure I1 2 -17) by dnvlng a stainless 

steel probe into the shallow subsurface soil to a depth of approxmately 5 feet below grade The 
probe was then retracted slightly to open the sample port A vacuum was applied to the probe 
and, after purging the system of 
a number of sample volumes, a soil gas sample was collected The soil gas sample was 

analyzed onsite using a gas chromatograph with megapore capillary columns, dual 
photoiolllzation detector and electron capture detector (PID/ECD) operated in senes, and a 
computerlzed data system Samples were analyzed for 1 , 1 , 1-trichloroethane (TCA), carbon 
tetrachloride, trichloroethene (TCE), and tetrachloroethene (PCE) The results of the soil gas 
survey are presented and discussed in Section I1 3 3 6, Chemical Properties of the Vadose Zone 

II.2.5.4.3 Pore Water Analyses From Lysimeters 

Figure I1 2-11 shows the 15 vadose zone boreholes equipped with either a single or dual 
lysuneter A total of 22 lysmeters was installed Suction lysmeters were used to sample soil 
water withm the vadose zone Soil pore water was drawn into the lysuneter by applying a 60- 
to 80-centibar vacuum to the lysmeter with a hand pump Water samples were extracted from 
the lysuneter by applying pressure to the air lme using a hand pump, which drives the water 
through the water h e  to the well head The pore water samples collected from each lysimeter 
were analyzed for the parameters listed in Table I1 2-4 Table I1 2-5 lists the specific chemical 
constituents in each parameter group for CLP methods Subsequent sampling for analyses of 
nitrate and TAL metals was conducted at approxunately 4-week intervals Section I1 3 3 6, 
Chemical Properties of the Vadose Zone, presents and discusses the results of the lysimeter pore 
water analyses 

0 

11.2.5.4.4 Column Leachlng Tests 

Nme soil samples were collected from three locations in SEP 207-A and three locations 
on the slope north of the B-Senes SEPs for column leachmg tests, as shown on Figure I1 2-13 
In SEP 207-A, SIX samples were collected in core sleeves from each of the three vadose zone 
boreholes On the slope north of the B-Senes SEPs, a 3-inch-diameter brass tube was pushed 
to a depth of 9 mches below grade in an area whch exhlbited vegetative stress Three samples 
were collected for analysis Following the withdrawal of the sample tubes, the ends were sealed 
with Teflon@ paper and plastic end caps and placed in a cooler maintained at 4 degrees 
Centigrade ('C) for shipment to the laboratory One additional sample was sent as a quality 
control blank and consisted of 16-40 mesh Colorado silica sand that was used for the filter pack 
on the OU4 piezometers 

The m e  samples were sent to Core Laboratories in Aurora, Colorado where leaching 
tests based on ASTM Method D4874 were conducted Six-inch-long, 1- to 2-inch-diameter PVC 
columns were packed to the same bulk density as the core sample material A 500 milligram- 
per-liter calcium bicarbonate leaching solution buffered to a pH of approxunately 7 to 8 pH 
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umts, which approxmtes the total dissolved solids content and chemcal quality of vadose zone 
pore water or shallow alluvial ground water, was passed through the columns m a backflow 
mode The flow rate through the columns was adjusted to 10 centmeters per day to 
approxmate alluvial ground water flow rates Samples were analyzed for mtrate, pH, and 
specific conductance after one, two, three, five, and 10 pore volumes passed through the 
columns The first pore volume was also analyzed for major cations and amons Although 
TM1 stated that all leachate samples were to be analyzed for major cations, amons, and possibly 
metals, the small (generally less than 25 milliliters) sample volumes only allowed for analyses 
of nitrate, pH, and specific conductance Section I1 3 3 6, Chemical Properties of the Vadose 
Zone, presents and discusses the results of the column leachmg tests 

@ 

11.2.6 Geologic Investigation 

Various sitewide studies have been conducted at the WETS to characterize the media and 
assess the extent of radiological and chemical contammnt releases into the environment In 
some manner, these reports discuss the geology at the WETS and have been included in the 
historical review process for this OU4 Phase I WI/RI Specifically for OU4, the geological 
investigation included reviewing hstoncal data and obtamng borehole information, in the form 
of borehole lithologic logs, from the 1986, 1987, 1989, and 1993 dnlling programs Although 
useful from a hstoncal qualitative perspective, the pre-1986 borehole information was not 
incorporated into the quantitative geological analysis due to reported discrepancies withm the 
data set The OU4 Phase I RFI/RI geological investigation included a histoncal data review, 
a drilling, sampling and chemical analyses phase, and a geophysical investigation phase 

11.2.6.1 Historical Data Review 
@ 

Geological data have been gathered m the SEPs area begimng with the imtial feasibility 
and assessment study pnor to construction of the SEPs at WETS Sigmficant work has recently 
been conducted to further charactenze the geology at the WETS A Geological Charactemtion 
Report for the WETS (EG&G, 1991e) was prepared based on a comprehensive literature search, 
describing previously obtamed core samples, reprocessing previously obtamed seismic data, and 
analyzing selected samples for grain-slze distnbution Additional mvestigative activities 
conducted at OU4 and other pertment studies which were used in the OU4 Phase I RFI/RI 
Report are summarlzed in Appendlx 11 A The data from these studies have been assembled and 
evaluated 

11.2.6.2 Drilling, Sampling, and Chemical Analyses 

The data requirements to fulfill the geologic characterization objectives of the OU4 Phase 
I RFI/RI varied among the different areas of OU4 investigated the Original Ponds area, the 
existmg ponds area, and the ITS and surrounding area The following provides a brief 
description of the activities performed in each of the areas 
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Ongmal Ponds Area SIX boreholes were drrlled and sampled in and adjacent to the 
orrgmal ponds area The mformatlon to be obtamed from these 
boreholes for geological charactemation purposes mcluded 

the identificatlon of 
residual clay h e r  from the abandoned ponds, mvestigation of 
ground water levels and bedrock elevations, and the identification 
of possible routes of contamlnant migration, such as fractures or 
other macropores or other more permeable zones 

I subsurface lithology and sod chemstry, 

Existing Ponds Area Twenty-eight boreholes were dr~lled and sampled in the existmg 
SEPs area, whxh mcluded 12 completed through the SEPs and 16 
completed around the penmeters The information to be obtamed 
from these boreholes for geologic charactemtion purposes include 
subsurface lithologies and soil chemistry, identify patterns of 
leakage from the ponds, identlfy preferential routes of contamlnant 
migration, and investigate bedrock topography 

ITS and Surrounding Area Nineteen boreholes were dnlled and sampled in the ITS and 
surroundmg area to characterne subsurface lithologies and soil 
chemistry, mvestigate ground water and bedrock elevations, 
evaluate the extent to which the ITS is keyed into bedrock, 
investigate the Arapahoe Sandstone subcrop, and to observe 

I 

bedrock fractures 

Appendlx I1 I mcludes lithologic logs from all boreholes completed dunng the OU4 Phase I 

11.2.6.3 Geophysical Investigations 

I This section discusses the geophysical mvestigations conducted as part of the OU4 Phase 
I RFI/RI 

I II.2.6.3.1 Borehole Geophysics 

The work plan specified that borehole geophysical loggmg be performed to aid in the 
characternation and correlation of subsurface geologic materials, ground water, and the original 
clay liner Borehole geophysical logs using natural gamma ray, neutron, and resistivity 
geophysical methods were to be obtained from four boreholes within the Original Ponds area 
Geophysical logs were obtained from boreholes 42193 and 44193 only, since the other two 
boreholes were deleted from the dnllmg program as descnbed m TM2 All borehole loggmg 
was conducted according to SOP GT 15, Geophysical Borehole Logging 
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The two boreholes that were geophysically logged were dnlled with a hollow-stem auger 
in accordance with SOP GT 02, Dnlling and Sampling Using Hollow-Stem Auger Techniques 
To isolate the alluvium from the bedrock, steel casmg was placed m the upper 18 feet of 
borehole 44193 and the upper 10 feet of borehole 42193 The borehole diameters from the 
bottom of the steel casmg to total depth were 8 mches each 

To m m m  direct contact of the logging tools with potentially contaminated matenals, 
the boreholes were logged through 2-mchdiameter PVC pipe that was installed adjacent to the 
borehole walls Boreholes 42193 and 44193 were logged to approxunately 28 and 48 feet, 
respectively below ground surface (bgs) with the natural gamma and neutron tools Only 
borehole 44193 was logged usmg the induction tool to a depth of approxunately 48 feet bgs 
Incomplete suites of logs were obtained from this borehole due to tune constraints and WETS 
requirements pertaimg to contractor-owned radioactive sources 

The results of the borehole geophysical logging are discussed in Section I1 3 5 3, 
Also presented in that section is a brief summary and Geophysical Investigation Results 

interpretation of the parameters measured by the individual tools 

II.2.6.3.2 Seismic Refraction Survey 

A seismic refraction survey was not specified in the work plan, but was unplemented as 
a geophysical techmque that could aid in the charactemtion of subsurface features Seismic 
refraction profiles were mvestigated as a non-intrusive techmque that would assist in mapping 
the weathered bedrock and ground water surface, facilitate in delineating possible bedrock 
paleochannels or channels filled dunng construction, and help to define subsurface geometries 
of lithologic umts Seven seismic refraction profiles representmg approxunately 4,950 linear feet 
were recorded in the area around the SEPs Five profiles were located within the PA and two 
were located in the Buffer Zone north of the SEPs All refraction surveys were conducted in 
accordance with SOP GT 18, Surface Geophysicul Surveys The locations of these surveys are 
shown on Figure I1 2-9 

a 

Seismic refraction techmques are used to evaluate the thickness and depth of geological 
layers from the seismc wave travel tunes A seismic wave transmitted into the subsurface 
travels at different velocitres m its host media and is refracted at interfaces between layers This 
refraction affects the wave’s travel path and resulting travel tune Using an array of recording 
devices (geophones) on the surface, travel tunes of the seismic wave can be measured From 
the travel times, an interpretation can be made of the number of refracting layers, their thickness 
and depth, and the seismic velocity withm each layer The seismic velocity is directly related 
to the layer density 

Seismic refraction profiles were measured using a floating-point, signal-enhancement Oyo 
MX-160 seismograph attached to 24 in-line 100-Hertz geophones (per spread), spaced at 10-foot 
intervals A 10- 
pound sledgehammer strhng a metal plate on the ground provided the energy source Records 

All adjacent spreads were laid out end-to-end with a one geophone overlap 
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were made with the energy source placed at vaned locatlons relatlve to the geophone array The 
vaned locatlons mcluded each end of the spread, 5 feet away from each end, 40 feet away from 
each end, and m the mddle of the spread Surface elevatlons for each geophone were obtamed 
by hand-level surveys usmg nearby momtonng wells as control pomts Data were recorded on 
a computer disk and were analyzed using a computer program (SEISREFA), produced by Oyo 
Corp , that provides a depth-to-reflector analysis and pnntout The results and interpretation 
of these refraction surveys are presented and discussed in Section I1 3 5 3, Geophysical 
Investigation Results 

11.2.7 Field Investigation Quality Assurance/Quality Control 

Quality assurance/quality control (QNQC) requirements for all field activities are 
specified in the Site-Wide Quality Assurance Project Plan (QAPjP), the OU4 Phase I RFI/RI 
Work Plan, and m vmous SOPs, such as FO 02, Transmittal of Field QA Records, FO 14, 
Field Data Management, and GT 01, Loggmg Alluvial and Bedrock Material All activities in 
the field were conducted m accordance with the applicable SOPs, as amended by DCNs, and 
techcal memoranda for th~s project 

11.2.7.1 Documentation of ActivitiesProcedures 

Complete documentation of all field activities was maintamed in accordance with all 
available and applicable SOPs Two levels of QNQC field documentation were mplemented 
durmg the OU4 Phase I RFI/RI field activities QC was accomplished by either the assistant 
site manager or the site manager, and included a completeness review of each sampling location 
field file The purpose of the completeness review was to ensure that all appropriate field 
records were bemg mamtamed QA was accomplished by the field QA officer prior to 
transmission of the field records to the Envuonmental Management Division (EMD) records 
center and the EG&G project manager Thls final review further ensured that all appropriate 
field records were mamtamed 

Appendur I1 J mcludes copies of Form FO 2A, Field QA Records Transmission Form, 
that accompamed the completed package of records from each sampling location to the EMD 
records center and the EG&G project manager This form lists all field QA records associated 
with each particular samplmg location 

II.2.7.2 Audits of Procedures 

Penodic field audits were performed by the project’s assistant site manager or site 
manager throughout the OU4 Phase I RFI/RI field program These audits were conducted to 
ensure strict adherence to the work plan and all applicable techcal memoranda, SOPs, and 
DCNs Field audits also were performed by the EG&G subcontractor [Science Applications 
International Corp (SAIC)] Field audit reports were prepared and submitted to the EG&G 
project manager 
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Health and safety audits were conducted by EGBEG’s Industnal Hygiene Department 
throughout the OU4 Phase I RFI/RI field program. These audits included review of health and 
safety trainrng records for each mdividual mvolved m the field program, and field audits to 
e m  that the project’s health and safety plan was bemg followed Results of these audits were 
transrmtted to the EG&G project manager The field site safety officer also conducted health 
and safety audits of all field crews throughout the project Those audits focused on proper use 
of field instruments and the proper use of personal protective equipment 

II.2.7.3 Deficiencies 

Deficiency reports were prepared for incomplete or inaccurate documentation of 
activities, for not following procedures, or for not properly mplementing the site health and 
safety plan As appropnate, corrective actions were undertaken and documented Appendix 
I1 K includes copies of the deficiency reports and corrective actions 

II.2.7.4 Data Management 

AI1 field data were managed m strrct adherence to SOP FO 02, Transmittal of Field QA 
Records The data were entered onto floppy disks and transmitted to EG&G in accordance with 
procedures All procedures for quality control, venfication, entry, archiving, and secunty , as 
specified in SOP FO 14, Field Data Management, were strictly maintained Appendix I1 J 
includes copies of Form FO 2A, Field QA Records Transmission Form, for all sampling 
locations This form lists all pertinent field QA records associated with each particular sampling 0 location 

II.2.7.5 Field Quality Control Samples 

Field QC samples consisted of duplicates and equipment rmsate blanks and were obtained 
for surfkial soil samples, borehole samples, and lysuneter pore water samples Although 
specified m the Work Plan, no t l p  blanks or field preservative blanks were collected and 
submitted for analysis per EG&G requuements Table 7 4 of the Phase I Work Plan specifies 
the field QC sample collection frequency Section 11 3 6, Quality Assurance/Quality Control 
Results, presents and discusses the numbers of QC samples collected dumg the OU4 Phase I 
RFI/RI 

, 

As discussed in Section I1 3 6, the field QC sample collection requirements presented in 
the Work Plan were not fully met because the field subcontractor was unable to adequately track 
the number of duplicates or nnsates collected dunng the program Not fully meeting the field 
QC sample collection requirements does not lmpact the quality, usability, or reliability of the 
data As further discussed in Section I1 3 6, the duplicate sample Relative Percent Differences 
(RPDs) were within acceptable llmits (with the exception of toluene), and it is not expected that 
additional field duplicate samples would change thls assessment 
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The number of equipment m a t e  samples collected did not fully meet the QC sample 
collection requuements presented m the Work Plan However, the analyt~cal results for the 
equipment rrnsate samples that were collected indicated that equipment decontammtion was 
adequate to m i m m  cross-contamination between samples Additionally, the presence of site 
contaminants in the equipment nnsate blanks were at sufficiently low levels that decisions 
presented m this IM/IRA EA DD are not influenced by possible cross-contamination of samples 
from unproperly cleaned sampling equipment 

e 
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TABLE II.2-5 

LISTS OF CONSTITUENTS ANALYZED BY CLP METHODS 

TARGET ANALYTE LIST (TAL) METALS 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
cesium 
Chromum 
Cobalt 
Copper 
Iron 
Lead 
Lithium 

Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassrum 
Selemum 
Silicon 
Silver 
Sodium 
Strontium 
Thallium 
Tin 
Vanadium 
Zinc 

PESTICIDES AND POLYCHLORINATED BIPHENYLS 

4,4’-DDD 
4’4’-DDE 
4’4’-DDT 
Aldrin 
Aroclor- 1016 
Aroclor- 122 1 
Aroclor-1232 
Aroclor- 1242 
Aroclor- 1248 
Aroclor- 1254 
Aroclor-1260 
Dieldrin 
Endosulfan I 
Endosulfan I1 
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Endosulfan sulfate 
Endrin 
Endrin ketone 
Heptachlor 
Heptachlor epoxide 
Methoxychlor 
Toxaphene 
Alpha-bhc 
Alpha-chlordane 
Beta-bhc 
Delta-bhc 
Gamma-bhc (lindane) 
Gamma-chlordane 
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TABLE II.2-5 (contmued) 

LISTS OF CONSTITUENTS ANALYmD BY CLP METHODS 

TARGET COMPOUND LIST (TCL) 
VOLATILE ORGANIC COMPOUNDS 

1 , 1 , 1-Trichloroethane 
1,1,2,2-Tetrachloroethane 
1,1,2-TrichIoroethane 
1,l-Dichloroethane 
1,l-Dichloroethene 
1 ,2-Dichloroethane 
1 ,2-Dichloroethene 
1 ,2-Dichloropropane 
1-Hexanol, 2-Ethyl-2-Butanone 
2-Hexanone 
2-Heptanone 
4-Methyl-2-pentanone 
Acetone 
Acetic acid, methyl ester , 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon disulfide 
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Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
Dibromochloromethane 
Decanal 
Ethylbenzene 
Hexanal 
Methylene chloride 
Pentanal 
Styrene 
Tetrachloroethene 
Toluene 
Total xylenes 
Trichloroethene 
Vinyl acetate 
Vinyl chloride 
cis- 1,3-Dichloropropene 
trans-l,3-Dichloropropene 
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TABLE II.2-5 (contmucd) 

LISTS OF CONSTITUENTS ANALYZED BY CLP METHODS 

TARGET COMPOUND LIST (TCL) 
SEMIVOLATILE ORGANIC COMPOUNDS 

1,2,4-TrichIorobenzene 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
2,4,5-Trichlorophenol 
2,4,6-TrichlorophenoI 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dimtrophenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-Chloronaphthalene 
2-Chlorophenol 
2-Fluorobiphenyl 
2-Methylnaphthalene 
2-Methylphenol 
2-Ni troaniline 
2-Nitrophenol 
3,3’-Dichlorobenzidine 
3-Nitroaniline 
4-Chloro-3-Methylphenol 
4-Chloroaniline 
4-Chlorophenyl phenyl ether 
4-Methylphenol 
4-Nitroandine 
4-Nitrophenol 
Acenap hthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b) fluoranthene 
Benzo(gh1)perylene 
Benzo( k)fluoranthene 
Benzoic acid 
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Benzyl alcohol 
bis(2-chloroethoxy)Methane 
bis(2-chloroethyl)Ether 
bis(2-chloroisopropy1)Ether 
bis(2-ethylhexyl)Phthalate 
Butyl benzyl phthalate 
Carbazole 
Chrysene 
di-n-Butyl phthalate 
di-n-Octyl phthalate 
Dibenzo(a, h)anthracene 
Dibenzofuran 
Diethyl phthalate 
Dimethyl phthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno( 1,2,3-cd)pyrene 
Isophorone 
n-Nitrosodi-n-propylarmne 
n-Nitrosodiphenylamine 
Naphthalene 
Nitrobenzene 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 

OU4 Proposed IMlIRA EA Decision Document 
February 10, 1995 



I 
I POND 2 

E 1 (AUXILIARY) 

LEGEND 

Paved Roads 

- - 0riQtn.l Pond Area 

LINE 1 t 

I 
I - - - -  I 

LINE 2 

I 
I 

I 
I 
I 
I 
I 
I 
I 

20 1 

c 
/ 

i' 
1 

I 
j 
i 
I 
i 
I 
i 
i 
I 
i 

i 
I 
i 

i 

I 

i 

i 

i 
1 

i 
i 

I 
i / i  

I 

PREPARED FOR 
US DEPARTMENT OF ENERGY 

ROCKY FLATS ENVIRONMENTAL 
TECHNOLOGY SITE 

QOU". COLORADO 

Figurn 112-2 

Sdar Evaporation Pond8 
Oprrablo Unlt No 4. WARA EA DO 
0- Pond8 GPR L h  Lmtknm 

11 2-52 



LEGEND 
- - Streams 

P a d  Roads __- 
m - a  - Fonca - - OU4 Borndry 

Solnr Evaporation Pond (SEP) 

GPR Survey Areas 

I -  

@ 

PWPARED FOR 

U S  DEPARTMENT OF ENERGY 
ROCKY FLATS ENVIRONMENTAL 

TECHNOLOGY 8ITE 
QOLDEN. COLORADO 

F i g v ~  II 2-1 

Solar Evaporation Pond. 

GPR Survey Locatkna 
Oporablo Unit No 4. WARA EA DD 

II 2-51 q 4 



SEP 207-A 

Lmit o f  ice 
and snow 

80 

60 . I 

40 - I 

20 1 

1 

0 0  
f t ,>O 30 60 90 120 

-=l--t---- 7 
I I I I Waste Lines 

Constructron 
A r  ea 

1 

Fleld Calibration Tests 1 

LEGEND 
P m d  Road. - 

tzza- 
C- 300 YHz GPR Llnm 

I--- 900 MHZ OPR L h  

Approldmrk Soda 1 lnch * 75 F e d  

PREPARED FOR 

US. DEPARTMENT OF ENERGY 
ROCKY FLATS EIIVIROW1IENTAL 

TECHlSdLOGY SITE I GOLDEN, COLORADO 

Flgurm 112-4 

Sokr Evaporation Pond. 
0p.r.M. Unn No 4, W M A  EA DD 

SEP 207-A GPR Lln. LOC8tknO 

I 

I1 2-54 



4 

a 

17 
16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

LEGEND 
200 Location whore Rsdlol0glo.l 

Survey Reading Wa8 Taken 

Approxhrat. 8c. l~  1 lnch s 76 Feet 

U S DEPARTMENT OF ENERGY 
ROCKY FLATS ENVIRONMENTAL 

TECHNOLOGY SITE 
GOLDEN, COLORADO 

FiwO 112.8 

8 d W  E m m t b l l  Pond8 
0pw.Mo Unlt No 4, IMARA EA DD 

Grid U8ed For R.dld0~k.l Survey 01 
SEP 207-A 

1 
I1 2-56 



Upper Lysimeter 

Lower Lysimeter 

Locklng Surface Casing 

3'x3' Concrete Pad 

1 
Neutron Access Tube t 

Not To 80- 

PREPARED FOR 
US.  DEPARTMENT OF ENERGY 

ROCKY FLATS ENVIRONMENTAL 
TECHNOLOGY BITE 

GOLDEN. COLORADO 

Figur~ 112-20 

8oIar Emporatlon Pond8 

Schomatk D/.oTu~ of typical Lyshotor 
hut.llatlon 

Oporablo Unit No 4. IMARA EA DD 

11 2-70 



Air Tube - 
- 

4 Support Tube 

Vacuum Port Assembly ___tdl 

Air inlet Tip .I* 1 - - - - I 

Trlpod Assembly as 
Stabilization Devlce 

Well Hole 

Not To Soale 

PREPARED FOR 
U S  DEPARTMENT OF ENERGY 

ROCKY FLATS ENVIRONMENTAL 
TECHNOLOGY SITE 

QOLMN, COLORADO 

Figuro L2-21 

Solar Evaporation Ponda 

Schonutk Diagram of Quoiph 
Permommter Teat Inatdlatlon 

Oporablo Unlt No 4, IM/IRA EA OD 

I1 2-71 



SOLAR EVAPORATION FONDS 
OU4 IM/IRA ENVIRONMENTAL ASSESSMENT DECBION DOCUMENT 

PART 11 
PHASE I RCRA FACILITY INVT!STIGA"ION/~~DIAL INVESTIGATION 

- Title 

TABLE OF CONTENTS 
(for Sechon 11 3) 

Page No 

I1 3 RESULTS OF THE PHASE I RFI/RI I1 3-1 
I1 3 1 Results of Ongml and Existmg Solar Evaporation Ponds Investigation I1 3-2 

I1 3 1 1 Onglnal Earthen Ponds I1 3-2 
I1 3-3 

Evaluahon I1 3-4 

I1 3-6 
I1 3-8 
I1 3-8 

11 3-10 
I1 3-13 
I1 3-14 
I1 3-20 

I1 3 2 Surficial Soil Samplmg Results I1 3-22 
I1 3 2 1 OU4-Wide Radiological Survey Results I1 3-22 

Alpha Radiological Survey Results I1 3-22 
I1 3-22 
I1 3-23 

113 1 1 1 
I1 3 1 1 2 Histoncal Photograph and Engmeenng Drawing 

Histoncal Update of Ongmal Earthen Ponds 

I1 3 1 1 3 Ground Penetratmg Radar I1 3-5 
11 3 1 1 4 Subsurface Investigation 

I1 3 1 2 1 Visual Surveys of Lmers 
I1 3 1 2 2 Radiological Surveys of the SEPs 
I1 3 1 2 3 SEP Ground Penetratmg Radar Surveys 
I1 3 1 2 4 SEP Liner and Subgrade Sampling and Analysis 
I1 3 1 2 5 Drillmg, Samplmg, and Chemical Analysis 

I1 3 1 2 Existmg Solar Evaporahon Ponds Investigahon Results 

I1 3 2 1 1 
11 3 2 1 2 Beta/Gamma Radiological Survey Results 

11 3 2 2 Surficial Soil Samplmg and Analysis Results 
11 3 2 2 1 Non-Radiological Inorgmc Potenual Contaminants of 

Concern I1 3-23 
I1 3 2 2 2 Radionuclide Potenhd Contammnts of Concern I1 3-25 
I1 3 2 2 3 Orgmc Compounds I1 3-27 

I1 3 3 Vadose Zone Investigation Results I1 3-31 
I1 3-31 I1 3 3 1 Defimtion of the Vadose Zone 

I1 3 3 2 Laboratory-Determmed Physical Properties of the Vadose 
Zone I1 3-31 
I1 3 3 2 1 Moisture Content I1 3-32 
I1 3 3 2 2 Porosity I1 3-37 
I1 3 3 2 3 I1 3-38 
I1 3 3 2 4 Particle Sue Charactenstics I1 3-40 
I1 3 3 2 5 Atterberg Llmits I1 3-42 

Soil and Bedrock Densities 

29 wpf 

\ 

11 3-1 
OU4 Proposed WIRA EA Decision Document 

February 10, 1995 



TABLE OF CONTENTS (contmued) 
(for Sechon I1 3) 

Page No 

I1 3 3 3 Field Measurements of Hydraulic Properties of the Vadose 
Zone I1 3-44 
113 3 3 1 B A P  Tests I1 3-45 
II 3 3 3 2 Guelph Tests I1 3-46 
I1 3 3 3 3 Neutron Probe Measurements I1 3-48 

I1 3 3 4 Laboratory Measurements of Hydraulic Conductivity of the 
Vadose Zone II 3-51 
I1 3 3 4 1 Saturated Hydraulic Conductivity I1 3-52 
I1 3 3 4 2 Soil Molsture Charactenstics 11 3-52 
I1 3 3 4 3 Unsaturated Hydraulic Conductivity II 3-53 

I1 3 3 5 Water Level Measurements I1 3-55 
I1 3 3 5 1 Automated Alluvium Water Level Measurements I1 3-55 
I1 3 3 5 2 Water Table Response to Precipitation I1 3-56 
I1 3 3 5 3 Alluvium Water Level Measurements I1 3-59 
I1 3 3 5 4 Alluvium and Upper HSU Ground Water 

H Y ~ O P P h s  I1 3-62 
I1 3 3 5 5 Potentiometnc Surfaces I1 3-62 
I1 3 3 5 6 Water Table Fluctuations Adjacent to the SEPs I1 3-63 
11 3 3 5 7 Vadose Zone Thickness I1 3-65 

I1 3-66 
I1 3 3 6 1 I1 3-66 
I1 3 3 6 2 Soll Elecmcal Conductivity I1 3-67 
I1 3 3 6 3 Total Orgmc Carbon (TOC) I1 3-68 i 

I1 3 3 6 4 Soll Gas Survey I1 3-69 
11 3 3 6 5 Pore Water Analyses I1 3-69 

I1 3-79 

Concern I1 3-79 
I1 3-81 
I1 3-84 

I1 3 5 Geologic Investigahon Results I1 3-86 
I1 3-86 

I1 3 5 1 1 Rocky Flats Alluvium I1 3-87 
11 3 5 1 2 Lithofacies of the Rocky Flats Alluvium I1 3-89 
I1 3 5 1 3 Landslide and Slump Colluvium I1 3-91 
I1 3 5 1 4 Valley Fill Alluvium I1 3-93 

Caliche and Calcrete I1 3-93 

Reworked Bedrock I1 3-93 

I1 3 3 6 Chemical Properties of the Vadose Zone 
Cauon Exchange Capacity (CEC) 

I1 3 3 6 6 Column Leachlng Tests 
Subsurface Soil and Bedrock Analytical Results 
I1 3 4 1 Non-Radiological Inorgmc Potential Contammants of 

I1 3-74 I 

11 3 4 

I1 3 4 2 Radionuclide Potential Contammants of Concern 
I1 3 4 3 Orgamc Potential Contaminants of Concern 

Distribution and Description of Surficial Geologic Umts 11 3 5 1 

I1 3 5 1 5 Autochthonous Constituents of Surficial Materials - 

I1 3 5 1 6 Anomalous Constituents of Surficial Materials - 

OU4 Proposed IM/IRA EA Declsion Document 
11 3-11 February 10. 1995 

i 

I 



TABLE OF CONTENTS (continued) 
(for Sectlon II 3) 

- Title 

- No 

I1 
I1 
I1 

I I1 
I1 
11 
I1 

: 3 1-1 
: 3 1-2 
: 3 1-3 
: 3  1-4 
: 3 1-5 
: 3 1-6 
: 3 1-7 

I1 3 1-8 a 

Page No 

I1 3-94 

I1 3 5 2 2 Bedrock Claystone I1 3-96 
I1 3 5 2 3 Bedrock Siltstone I1 3-96 

I1 3-97 
I1 3 5 3 Bedrock Topography I1 3-98 

Paths I1 3-99 
I1 3-99 

I1 3 5 4 1 Borehole Geophysics I1 3-99 
I1 3-101 
I1 3-101 
I1 3-103 

I1 3 5 5 Summary I1 3-107 
I1 3- 

I1 3 6 1 Results of Audits/Deficiency Reports I1 3-10 
I1 3 6 2 OU4 Phase I RFI/RI Data Management and Quality I1 3-10 

I1 3 6 2 1 Data Management I1 3-10 
I1 3 6 2 2 Data Usability Summary I1 3-11 
I1 3 6 2 3 Data Validation I1 3-11 

I1 3 5 2 Physical Description of Bedrock 
I1 3 5 2 1 General Bedrock Geology I1 3-94 

I1 3 5 2 4 Arapahoe Formation Sandstone 

I1 3 5 3 1 Incised Bedrock Channels and Preferential Flow 

I1 3 5 4 Geophysical Investigahon Results 

I1 3 5 4 2 Seismic Refraction Data Acquisition 
I1 3 5 4 3 Seismic Refraction Data Results 
I1 3 5 4 4 Depth Profiles 

I1 3 6 Quality Assurance/Quahty Control Results 

I1 3 6 2 4 Assessment of OU4 Phase I RFI/FtI Data Usability I1 3-11 
11 3 6 3 Historical Data Management and Quality I1 3-12 

I1 3 6 3 1 Historical Data Validahon I1 3-12 
11 3 6 3 2 Assessment of Histoncal Data Usability I1 3-12 
I1 3 6 3 3 OU4 Phase I RF'I/RI and Histoncal Data Comparison11 3-12 

LIST OF TABLES 

- Title 

SEP 207-A Alpha and Beta Radiation Survey Data 
SEP 207-A Gamma (FIDLER) Radiation Survey Results 
SEP 207-B Center Radiation Survey Results 
SEP 207-B North Radiation Survey Results 
Metal Analytical Results, Asphalt Samples - SEP 207-A 
Metal Analytical Results, Asphalt Samples - 207-B SEPs 
Radiochemistry Analytical Results, Asphalt Samples - SEP 207-A 
Radiochemistry Analytical Results, Asphalt Samples - 207-B SEPs 

Page No 

I1 3-122 
I1 3-132 
I1 3-135 I 
I1 3-139 
I1 3-143 
I1 3-144 
I1 3-145 
I1 3-146 

OU4 Proposed IMllRA EA Decision Document 
11 3-111 February 10, 1995 



TABLE OF CONTENTS (conmued) 
(for Section 11 3) 

LIST OF TABLES (contmued) 

- No 

11 3 1-9 

I1 3 1-10 

I1 3 2-1 
I1 3 2-2 
I1 3 2-3 

I1 3 2-4 
11 3 2-5 
I1 3 2-6 
I1 3 3-1 

I I1 3 3-2 
I1 3 3-3 

I1 3 3-5 
a 1 1 3 3 4  

I1 3 3-6 
I I1 3 3-7 

I1 3 3-8 
I1 3 3-9 
I1 3 3-10 
I1 3 3-11 
I1 3 3-12 
I1 3 3-13 
I1 3 3-14 
I1 3 3-15 
I1 3 3-16 
I1 3 3-17 
I1 3 3-18 
I1 3 3-19 
I1 3 3-20 
I1 3 3-21 
I1 3 3-22 
I1 3 3-23 

- Title Page No 

Analytical Results for Potential Contammnts of Concern in Subgrade 

Analytical Results for Potential Contaminants of Concern in Subgrade 
Samples - SEP 207-A 

Samples - SEP 207-B North and SEP 207-B Center 
OU4-Wide Gamma (FIDLER) Radiation Survey Results 
Potential Contammants of Concern in OU4 Surficial Soils 

I1 3-147 

I1 3-149 
I1 3-151 
I1 3-160 

Summary of Phase I RFI/RI Surficial Soil Potential Contaminants of 

Surficial Soil Non-Radiological Potential Contaminants of Concern 
Concern I1 3-161 

I1 3- 162 
Surficial Soil Radiological Potential Contammints of Concern 
Surficial Soil Orgmc Potenhal Contaminants of Concern 

Stephens and Associates I1 3-200 
Summary of Laboratory Tests Performed and Methods Used I1 3-202 
Results of Moisture Content Analyses I1 3-205 

Calculated Soil and Bedrock Properties I1 3-209 
Results of Soil and Bedrock Density Analyses I1 3-210 
Particle Sue Distnbution and USCS Classification I1 3-211 
Particle Sue Dismbution Indices I1 3-212 
Results of Atterberg Llmit Analyses I1 3-213 
BATm Test Results I1 3-214 
BATm Test Results by Geologic Stratum I1 3-215 
Guelph Test Results I1 3-216 
Guelph Permeameter Test Results by Geologic Stratum I1 3-217 
Summary of Neutron Probe Measurements I1 3-218 
Saturated Hydraulic Conductivity - Rocky Flats Alluvium I1 3-219 
Saturated Hydraulic Conductivity - Bedrock Lithologies I1 3-220 
Summary of Moisture Characteristic Data I1 3-221 
Unsaturated Hydraulic Conductivity - Rocky Flats Alluvium I1 3-226 
Unsaturated Hydraulic Conductivity - Bedrock Lithologies I1 3-227 
Summary of 1993 Alluvium Water Fluctuations I1 3-228 
Summary of Historical Upper HSU Fluctuahons I1 3-230 
Estlmated Mlnunum Depths to Alluvium Water - Spring, 1993 I1 3-233 
Cation Exchange Capacity of Selected Matenals I1 3-234 

I1 3-174 
I1 3-184 

Samples Selected for Laboratory Physical and Chemical Analysis by D B 

Results of Corrections to Imtial Moisture Content for Coarse Fraction I1 3-207 

1-33 29wpf 11 3-iV 
OU4 Proposed WIRA EA Declsion Document 

February 10. 1995 



TABLE OF CONTENTS (contmued) 
(for SecQon II.3) 

LIST OF TABLES (contmued) 

- No 

I1 
I1 
I1 
I1 
Il 
I1 
I1 
I1 
I1 
Il 
I1 
I1 
I1 
I1 

II 

3 3-24 
3 3-25 

: 3 3-26 
: 3 3-27 
: 3 3-28 
: 3 3-29 
: 3 3-30 
: 3 3-31 
: 3 3-32 
: 3 3-33 
: 3 3-34 
: 3 3-35 
: 3 3-36 
: 3 3-37 
: 3 3-38 
: 3 4-1 
: 3 4-2 
3 4-3 

I1 3 4-4 

I1 3 4-5 

I1 3 5-1 
I1 3 5-2 
I1 3 5-3 
I1 3 5-4 
I1 3 6-1 
I1 3 6-2 
I1 3 6-3 

I1 3 6-4 
I1 3 6-5 
11 3 6-6 
I1 3 6-7 

Page No 

Results of CEC, Electrical Conductivity, and TOC Analyses I1 3-235 
Soil Gas Survey Results I1 3-236 
honty List of Pore Water Analyses I1 3-238 
Pore Water Results - Field Parameters I1 3-239 
Semivolatile Orgmc Compounds I1 3-240 
Pesticides I1 3-243 
Metals I1 3-244 
Water Quality Parameters I1 3-245 
Radionuclides I1 3-246 
Sods Selected for Column Leaching Tests I1 3-247 
Column Leachmg Test Flow Rates and Duration I1 3-248 
Nitrate, Specific Conductance, and pH in Leachate I1 3-249 
CatiodAmon Composition of Leachate - Pore Volume 1 11 3-250 
Pore Volumes Required to Decrease NO3 Concentrations in Leachate 11 3-251 

Potential Contammnts of Concern in Subsurface Soils and Bedrock I1 3-253 

Subsurface Soils and Bedrock Non-Radiological Inorganic Potential 

OU4 Subsurface Soil and Bedrock Radionuclide Potential Contaminants 

OU4 Subsurface Soil and Bedrock Orgamc Potential Contaminants of 

Nitrate Mass Balance Results I1 3-252 

Summary of Subsurface Soil annd Bedrock Analytical Results I1 3-254 

Contammnts of Concern I1 3-255 
I 

of Concern I1 3-269 

Concern I1 3-270 

Descnption of Lithofacies I1 3-278 

Descnption of Siltstones Encountered m Boreholes I1 3-282 
Descnption of Sandstones Encountered in Boreholes I1 3-283 
Explanation of Qualifiers and Codes in Database I1 3-285 

I1 3-286 

I 

Descnption of Claystone Encountered m Boreholes 11 3-280 I 

Summary of Validation Results for OU4 Phase I RFI/RI Data I 
Summary of Validation Reason Codes Referred to During OU4 Phase I 
RFI/RI Data Validation I1 3-287 I 

Summary of Validation Reason Codes for Rejected Data 
Field QC Frequency Results 
Duplicate and Associated Real Samples 
Summary of Field Precision Goals 

I1 3-288 
I1 3-289 
I1 3-290 
I1 3-293 

29 wpf P( I1 3-v 
OW4 Proposed IMlIRA EA Decision Document 

February 10. 1995 



TABLE OF CONTENTS (contmued) 
(for Section I1 3) 

LIST OF TABLES (continued) 

n 
I . 3  - 
I1 3 6-8 
I1 3 6-9 
11 3 6-10 
I1 3 6-11 
I1 3 6-12 

I1 3 6-13 

I1 3 6-14 
II 3 6-15 
I1 3 6-16 
I1 3 6-17 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
J 
I 
1 
I 
J 
I 
I 

: 3 1-1 
: 3 1-2 
: 3 1-3 
: 3 1-4 
: 3 1-5 
: 3 1-6 
: 3 1-7 
: 3 1-8 
: 3 1-9 
: 3 1-10 

I1 3 1-11 
I1 3 1-12 
I1 3 1-13 
I1 3 1-14 
I1 3 1-15 
I1 3 1-16 
I1 3 1-17 
I1 3 1-18 

- Title Page No 

Orgmc Compounds Detected 111 Rmsate Samples I1 3-294 
Metal Compounds Detected 111 Rinsate Samples I1 3-295 
WQHP Compounds Detected in finsate Samples I1 3-296 
Radionuclides Detected m Rnsate Samples I1 3-297 
Level of Effort Specified m Phase I RFI/RI Work Plan and Techcal 
Memoranda I1 3-300 
Summary of Validation Information, Real and Duplicate Samples - 
Histoncal Data I1 3-302 
Summary of Validation Codes for Historical Data I1 3-303 

Duplicate and Associated Real Samples - Histoncal Data 
Summary of Field Precision Goals for Historical Data 

Summary of Validation Reason Codes for Rejected Historical Data I1 3-304 
I1 3-305 
I1 3-307 

LIST OF FIGURES 

- Title Page No 

Tunelme of Solar Pond Construction 
Approxmte LocaQons of Ongml Ponds 
August 1954 Photograph Showmg Ongml Pond 2 
September 1956 Photograph Showing Onglnal Pond 2 
September 1956 Photograph Showing Pond 2-Auxiliary 
July 1966 Photograph Showing Ponds 2A and 2B in Operation 

I1 3-308 
I1 3-309 
I1 3-310 
I1 3-31 1 
I1 3-312 
I1 3-313 

June 1969 Photograph Showmg Ponds 2A and 2B Pnor to Re-Grading I1 3-314 

May 1970 Photograph Showlng Ponds 2A and 2B after Re-Grading I1 3-316 
Engineemg Drawlng Showmg Location of Pond 2 and 2-Auxiliary 

July 1969 Photograph Showmg Re-Grading of Ponds 2A and 2B I1 3-315 

Relative to Pond 207-A 
GPR Llnes - Ongml Pond Area 
Interpreted GPR Data - Onglnal Pond Area 
GPR Profile - Line 1 
GPR Profile - Line 5 
Locations of Boreholes Investigating Onginal Ponds Area 
Sketch of Pond 207-A Visual Survey Results 
Sketch of Pond 207-B Center Visual Survey Results 
Sketch of Pond 207-B North Visual Survey Results 

I1 3-317 
I1 3-318 
I1 3-319 
I1 3-320 
I1 3-321 
I1 3-322 
I1 3-323 
I1 3-324 
I1 3-325 

II 3-VI 
OW4 Proposed lMARA EA Dccismn Document 

February 10. 1995 



TABLE OF CONTENTS (contmued) 
(for Section I1 3) 

LIST OF FIGURES (contmued) 

- NO Page No 

I1 3 1-19 
I1 3 1-20 
I1 3 1-21 
I1 3 1-22 
I1 3 1-23 
I1 3 1-24 
I1 3 1-25 
I1 3 1-26 
I1 3 1-27 
I1 3 1-28 
I1 3 1-29 
I1 3 1-30 
I1 3 1-31 
11 3 1-32 
I1 3 1-33 
I1 3 1-34 
I1 3 1-35 
I1 3 1-36 
I1 3 1-37 
I1 3 1-38 
11 3 1-39 
I1 3 1-40 
113 1-41 
I1 3 1-42 
I1 3 1-43 
I 1 3  1-44 
I1 3 1-45 
I13  1-46 
I1 3 1-47 
I1 3 1-48 
I1 3 1-49 
I1 3 1-50 
I1 3 1-51 
I1 3 1-52 
I1 3 1-53 
I1 3 1-54 
I1 3 1-55 

0 I1 1-56 

Pond 207-A Total Alpha Radiation Survey Results 
Pond 207-A Removable (Smear) Alpha Radiation Survey Results 
Pond 207-A Gamma (FIDLER) Radiation Survey Results 
Pond 207-B Center Direct Alpha Radiation Survey Results 

Pond 207-B Center Direct Beta Radiation Survey Results 

Pond 207-B Center Gamma (FIDLER) Radiation Survey Results 
Pond 207-B North Direct Alpha Radiation Survey Results 

Pond 207-B North Direct Beta Radiation Survey Results 

Pond 207-B North Gamma (FIDLER) Radiation Survey Results 
GPR Survey, Pond 207-A Area 
Typical GPR Record, Pond 207-A - 300 MHz Antenna 
Typical GPR Record, Pond 207-A - 900 MHz Antenna 
Interpreted GPR Data, Pond 207-A - 900 MHz Antenna 

Existmg Ponds Liner Sampling Results - Beryllium 
Existing Ponds Liner Sampling Results - Cadmium 
Existing Ponds Liner Samplmg Results - Sodium 
Existing Ponds Liner Samplmg Results - Amencium 241 
Existmg Ponds Liner Samplmg Results - Cesium-134 
Existmg Ponds Lmer Sampling Results - Plutomum 239/240 
Existing Ponds Liner Samplmg Results - Urmum 233/234 
Existmg Ponds Lmer Samplmg Results - Urmum 235 
Existmg Ponds Liner Sampling Results - Urmum 238 
Existing Ponds Subgrade Samplmg Results - Barium 
Existmg Ponds Subgrade Sampling Results - Cadmium 
Existing Ponds Subgrade Sampling Results - Lithium 
Existing Ponds Subgrade Samplmg Results - Nitrate/Nitrite 
Existmg Ponds Subgrade Samplmg Results - Zinc 
Existing Ponds Subgrade Samplmg Results - Amencium 241 
Existing Ponds Subgrade Sampling Results - Cesium-134 
Existing Ponds Subgrade Samplmg Results - Cesium-137 
Existing Ponds Subgrade Sampling Results - Gross Beta 
Existing Ponds Subgrade Samplmg Results - Plutonium 239/240 
Existing Ponds Subgrade Sampling Results - Radium-226 

1 
I 
I 
I 

Pond 207-B Center Removable (Smear) Alpha Radiation Survey Results 
I 

Pond 207-B Center Removable Beta (Smear) Radiation Survey Results I 
I 
I 

Pond 207-B North Removable (Smear) Alpha Radiation Survey Results1 
I 

Pond 207-B North Removable Beta (Smear) Radiation Survey Results I 
I 
I 
I 
I 
I 

Existing Ponds Liner, Subgrade, and Subsurface Sampling Locations I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 

: 3-326 
: 3-327 
: 3-328 
: 3-329 
: 3-330 
: 3-331 
: 3-332 
: 3-333 
: 3-334 
: 3-335 
: 3-336 
: 3-337 
: 3-338 
: 3-339 
: 3-340 
: 3-341 
: 3-342 
: 3-343 
: 3-344 
: 3-345 
: 3-346 
: 3-347 
: 3-348 
: 3-349 
: 3-350 
: 3-351 
: 3-352 
: 3-353 
: 3-354 
: 3-355 
: 3-356 
: 3-357 
: 3-358 
: 3-359 
: 3-360 
: 3-361 
: 3-362 

3-363 

29 wpf OU4 Proposed IMlIRA EA Decision Document 
11 3-Vii Febnrary 10. 1995 



TABLE OF CONTENTS (contmued) 
(for Section I1 3) 

LIST OF FIGURES (contmued) 

- No 

I1 3 1-57 
I1 3 1-58 
I1 3 1-59 
I1 3 1-60 
I1 3 1-61 
I1 3 2-1 
I1 3 2-2 
11 3 2-3 
11 3 2-4 
I1 3 2-5 
I1 3 2-6 
I1 3 2-7 
I1 3 2-8 
11 3 2-9 
I1 3 2-10 e ::; ;:;; 
I1 3 2-13 
I1 3 2-14 
I1 3 2-15 
I1 3 2-16 
I1 3 2-17 
I1 3 2-18 
I1 3 2-19 
I1 3 2-20 
I1 3 2-21 
I1 3 2-22 
I1 3 2-23 
I1 3 2-24 
I1 3 2-25 
I1 3 2-26 
I1 3 2-27 
I1 3 2-28 
I1 3 3-1 
I1 3 3-2 
I1 3 3-3 
I1 3 3-4 0 I1 3 3-5 

Existing Ponds Subgrade Sampling Results - Strontium-89/90 
Existing Ponds Subgrade Sampling Results - Tntium 
Existing Ponds Subgrade Sampling Results - U m u m  233/234 
Existmg Ponds Subgrade Sampling Results - Uramum 235 
Existmg Ponds Subgrade Sampling Results - Uramum 238 
OU4-Wide Gamma (FIDLER) Survey Results 
Locations of Surficial Soil Samples 
Surfkial Soil Sampling Results - Beryllium 
SurFcial Soil Samplmg Results - Cadmium 
Surficial Soil Sampling Results - Mercury 
Surficial Soil Samplmg Results - Nitrate/Nitnte 
Surficial Soil Samplmg Results - Silver 
Surficial Soil Sampling Results - Americium 241 
Surficial Soil Samplmg Results - Cesium-134 
Suficial Soil Samplmg Results - Gross Alpha 
Surfrcial Soil Sampling Results - Plutomum 239/240 
Surficial Soil Sampling Results - Tritium 
Surficial Soil Sampling Results - Uranium 233/234 
Surficial Soil Samplmg Results - Uramum 235 
Surficial Soil Sampling Results - Uraruum 238 
Surfkial Soil Samplmg Results - Benzo(a)anthracene 
Surficial Soil Samplmg Results - Benzo(a)pyrene 
Surficial Soil Samplmg Results - Benzo(b)fluoranthene 
Surficial Soil Samplmg Results - Benzo(gh)perylene 
Surficial Soil Samplmg Results - Benzo(k)fluoranthene 
Surficial Soil Samplmg Results - Bis(2-ethylhexy1)phthalate 
Surficial Sod Sampling Results - Chrysene 
Surficial Soil Sampling Results - Di-n-butyl phthalate 
Surficial Soil Sampling Results - Fluoranthene 
Surficial Soil Sampling Results - Indeno( 1,2,3-~d)pyrene 
Surficial Soil Sampling Results - Phenanthrene 
Suficial Soil Sampling Results - Pyrene 
Surficial Soil Sampling Results - Aroclor- 1254 
Physical Property Soil and Bedrock Sample Locations 
Imtial Gravlmetnc Moisture Content versus Depth 
Intial Gravlmetric Moisture Content versus Clay Content 
Intial Volumetllc Moisture Content versus Coarse Fraction 
Correlation Between Initial and Corrected Moisture Contents 

PaPe No 

I1 3-364 
11 3-365 
I1 3-366 
I1 3-367 
I1 3-368 
I1 3-369 
I1 3-370 
I1 3-371 
I1 3-372 
I1 3-373 
I1 3-374 
I1 3-375 
I1 3-376 
I1 3-377 
11 3-378 
I1 3-379 
I1 3-380 
I1 3-381 
I1 3-382 
I1 3-383 
I1 3-384 
I1 3-385 
I1 3-386 
TI 3-387 
I1 3-388 
I1 3-389 
I1 3-390 
I1 3-391 
I1 3-392 
I1 3-393 
I1 3-394 
I1 3-395 
I1 3-396 
I1 3-397 
I1 3-398 
I1 3-399 
I1 3-400 
I1 3-401 

OU4 Proposed WiRA EA Decision Document 
11 3-Vi11 February 10 1995 



TABLE OF CONTENTS (contmuud) 
(for Section II 3) 

LIST OF FIGURES (contmued) 

- No 

I1 3 3-6 
I1 3 3-7 
I1 3 3-8 
I1 3 3-9 
I1 3 3-10 
I1 3 3-11 
I1 3 3-12 
I1 3 3-13 
I1 3 3-14 
I1 3 3-15 
I1 3 3-16 
I1 3 3-17 
I1 3 3-18 
I1 3 3-19 
I1 3 3-20 
I1 3 3-21 
I1 3 3-22 
11 3 3-23 
I1 3 3-24 
11 3 3-25 
I1 3 3-26 
I1 3 3-27 
I1 3 3-28 
I1 3 3-29 
I1 3 3-30 
I1 3 3-31 
I1 3 3-32 
I1 3 3-33 
11 3 3-34 
11 3 3-35 

I1 3 3-36 
I1 3 3-37 
I1 3 3-38 
I1 3 3-39 
I1 3 3-40 

29 wpf 

- Title 

Calculated Porosity versus Coarse Soil Particle Fraction 
Intial Moisture Content versus Dry Bulk Density 
Sand-Silt-Clay Textural Triangle 
Particle-size Distribution, Sample BH40600AE, Borehole 43 193 
Particle-size Distribution, Sample BH40405AE, Borehole 44393 
Composite Particle-size Distribution Curves - Subsurface Soils 
Composite Particle-sue Distnbution Curves - Bedrock Lithologies 
Soil and Bedrock Plasticity Classification 
Map of BATTM Test Locations and Results 
Map of Guelph Test Locations and Results 
Map of  Neutron Probe Access Tube Locations 
Neutron Probe Measurements - Borehole 40293 
Neutron Probe Measurements - Borehole 40393 
Neutron Probe Measurements - Borehole 40593 
Neutron Probe Measurements - Borehole 40693 
Neutron Probe Measurements - Borehole 40793 
Neutron Probe Measurements - Borehole 40993 
Neutron Probe Measurements - Borehole 41293 
Neutron Probe Measurements - Borehole 41593 
Neutron Probe Measurements - Borehole 41793 
Neutron Probe Measurements - Borehole 42493 
Neutron Probe Measurements - Borehole 42893 
Neutron Probe Measurements - Borehole 43193 
Neutron Probe Measurements - Borehole 43693 
Neutron Probe Measurements - Borehole 43793 
Neutron Probe Measurements - Borehole 44093 
Neutron Probe Measurements - Borehole 44393 
Saturated Hydraulic Conductivity versus Depth 
Example of Pressure Head-Moisture Content Relationship 

Paye No 

I1 3-402 
I1 3-403 
II 3-404 
I1 3-405 
I1 3-406 
11 3-407 
I1 3-408 
I1 3-409 
I1 3-410 
I1 3-411 
I1 3-412 
I1 3-413 
I1 3-414 

I1 3-416 

I1 3-418 
I1 3-419 
I1 3-420 

I1 3-422 
I1 3-423 
I1 3-424 
I1 3-425 
I1 3-426 
I1 3-427 
I1 3-428 
I1 3-429 
I1 3-430 , 

I 

I1 3-415 

I1 3-417 

I1 3-421 

Example of Unsaturated Hydraulic Conductivity-Moisture Content 
Relationship I1 3-431 
Unsaturated Hydraulic Conductivity versus Moisture Content I1 3-432 

I1 3-433 Unsaturated Hydraulic Conductivity versus Depth 
B208789 Hydrograph I1 3-434 
P209789 Hydrograph I1 3-435 
Location and Duration of Data Loggers/Transducers I1 3-436 

11 3-iX 
OU4 Proposed IMIIRA EA Decision Document 

February 10. 1995 



e TABLE OF CONTENTS (contmud) 
(for Section I1 3) 

LIST OF FIGURES (continued) 

Title Page No - No - 
I1 3 3-41 
I1 3 3-42 
I1 3 3-43 
I1 3 3-44 
I1 3 3-45 
I1 3 3-46 
11 3 3-47 
I1 3 3-48 
I1 3 3-49 

I1 3 3-50 

I1 3 3-51 
I1 3 3-52 
I1 3 3-53 

I1 3 3-55 
* I1 3 3-54 

I1 3 3-56 
I1 3 3-57 
11 3 3-58 
I1 3 3-59 
I1 3 3-60 
I1 3 3-61 
I1 3 3-62 
I1 3 3-63 
I1 3 3-64 
I1 3 3-65 
I1 3 3-66 
I1 3 3-67 
I1 3 3-68 
I1 3 3-69 
I1 3 3-70 
I1 3 3-71 
I1 3 3-72 
I1 3 3-73 
I1 3 3-74 
I1 3 3-75 

0 

2286 Hydrograph with Precipitation Data 
2686 Hydrograph with Precipitation Data 
41 193 Hydrograph with Precipitation Data 
P207689 Hydrograph with Precipitation Data 
Momtoring Well and Piezometer Location Map 
1993 Alluvium Water Table Fluctuation Map 
Alluvium Relative Hydraulic Conductivity Map 
Histoncal Alluvium Water Table Fluctuation Map 
Potentiometnc Surface Map of Upper Hydrostratigraphic Umt 
1993 
Potentiometric Surface Map of Upper Hydrostratigraphic 
September, 1993 
Mlrumum Vadose Zone Thickness Isopach 
Maxmum Vadose Zone Thickness Isopach 
CEC versus Depth 
CEC versus Clay Content 
Electrical Conductivity versus Depth 
TOC versus Depth 
TOC versus Clay Content . 
TOC versus CEC 
Soil Gas Survey Location Map 
Lysuneter Location Map 
Pore Water Results - Bmum 
Pore Water Results - Cadmium 
Pore Water Results - Lithium 
Pore Water Results - Zmc 
Pore Water Results - Nitrate/Nitrite 
Pore Water Results - Gross Alpha 
Pore Water Results - Gross Beta 
Pore Water Results - Tritium 
Pore Water Results - Uramum-238 
Pore Water Results - Uramum-233/234 
Pore Water Results - Uramum-238 
Nitrate Concentration in Leachate 
Specific Conductance in Leachate 
Nitrate-Specific Conductance in Leachate 
pH Concentrations in Leachate 

I1 3-437 
I1 3-438 
I1 3-439 
I1 3-440 
I1 3-441 
I1 3 4 4 2  
I1 34-43 
I1 3-444 

I1 3-445 

I1 3-446 
I1 3-447 
I1 3-448 
I1 3-449 
I1 3-450 
I1 3-451 
I1 3-452 
I1 3-453 
I1 3-454 
I1 3-455 
I1 3-456 
I1 3-457 
I1 3-458 
I1 3-459 
I1 3-460 
I1 3-461 
I1 3-462 
I1 3-463 
I1 3-464 
I1 3-465 
I1 3-466 
I1 3-467 
I1 3-468 
I1 3-469 
I1 3-470 

- April, 

ulllt - 

I1 3-471 

29 wpf 112’1 I1 3-x 
OU4 Proposed IM/lRA EA Decision Document 

February 10 1995 



TABLE OF CONTENTS (contmued) 
(for Section II 3) 

- No 

I1 3 4-1 
I1 3 4-2 
I1 3 4-3 
I1 3 4-4 
I1 3 4-5 
I1 3 4-6 
I1 3 4-7 
I1 3 4-8 
I1 3 4-9 
I1 3 4-10 
I1 3 4-11 
I1 3 4-12 
I1 3 4-13 
I1 3 4-14 
I1 3 4-15 

@ I1 3 4-16 
I1 3 4-17 
I1 3 4-18 
I1 3 4-19 
I1 3 4-20 
I1 3 4-21 
I1 3 4-22 
I1 3 4-23 
I1 3 4-24 
I1 3 4-25 
I1 3 4-26 
I1 3 4-27 
I1 3 4-28 
I1 3 4-29 
I1 3 4-30 
I1 3 4-31 
I1 3 4-32 
I1 3 4-33 
I1 3 4-34 
I1 3 4-35 
I1 3 4-36 

LIST OF FIGURES (contmued) 

- Title 

Locations of Phase I RFI/RI Boreholes 
Subsurface Analytical Results - Barrum (0-6’) 
Subsurface Analytical Results - Barium (6-12’) 
Subsurface Analytical Results - Banum (> 12’) 
Subsurface Analytical Results - Cadmium (0-6’) 
Subsurface Analytical Results - Cadmium (6-12’) 
Subsurface Analytical Results - Cadmium (> 12’) 
Subsurface Analytical Results - Cyamde (0-6’) 
Subsurface Analytical Results - Cyamde (6-12’) 
Subsurface Analytical Results - Cyamde (> 12’) 
Subsurface Analytical Results - Lithum (0-6’) 
Subsurface Analytical Results - Lithium (6-12’) 
Subsurface Analytical Results - Lithium (> 12’) 
Subsurface Analytical Results - Nitrate/Nitnte (0-12’) 
Subsurface Analytical Results - Nitrate/Nitnte (> 12’) 
Subsurface Analytical Results - Zinc (0-6’) 
Subsurface Analytical Results - Zinc (6-12’) 
Subsurface Analytical Results - Zinc (> 12’) 
Subsurface Analytical Results - Americium 241 (0-6’) 
Subsurface Analytical Results - Amencium 241 (6-12’) 
Subsurface Analytical Results - Amencium 241 ( > 12’) 
Subsurface Analytical Results - Cesium-134 (0-6’) 
Subsurface Analytical Results - Cesium-134 (6-12’) 
Subsurface Analytical Results - Cesium-134 (> 12’) 
Subsurface Analytical Results - Cesium-137 (0-6’) 
Subsurface Analytical Results - Cesium-137 (6-12’) 
Subsurface Analytical Results - Cesium-137 (> 12’) 
Subsurface Analytical Results - Gross Beta (0-6’) 
Subsurface Analytical Results - Gross Beta (6-12’) 
Subsurface Analytical Results - Gross Beta (> 12’) 
Subsurface Analytical Results - Plutomum 239/240 (0-6’) 
Subsurface Analytical Results - Plutomum 239/240 (6- 12’) 
Subsurface Analytical Results - Plutomum 239/240 (> 12’) 
Subsurface Analytical Results - Radium-226 (0-6’) 
Subsurface Analytical Results - Radium-226 (6- 12’) 
Subsurface Analytical Results - Radium-226 (> 12’) 

Page No 

I1 3-472 
I1 3-473 
I1 3-474 
I1 3-475 
I1 3-476 
I1 3-477 
I1 3-478 
I1 3-479 
I1 3-480 
I1 3-481 
I1 3-482 
I1 3-483 
I1 3-484 

I1 3-486 I 

I1 3-487 
I1 3-488 

I1 3-490 
I1 3-491 
I1 3-492 
I1 3-493 
I1 3-494 
I1 3-495 
I1 3-496 
I1 3-497 
I1 3-498 
I1 3-499 
I1 3-500 
I1 3-501 

, I1 3-502 
I1 3-503 
I1 3-504 
I1 3-505 
I1 3-506 
I1 3-507 

I1 3-485 

I1 3-489 

29 wpf P O  11 3-Xi 
OU4 Proposed MIRA EA Declsion Document 

Februaly 10. 1995 



TABLE OF CONTENT’S (contmuued) 
(for Section 113) 

LIST OF FIGURES (contmued) 

- No 

I1 3 4-37 
I1 3 4-38 
11 3 4-39 
I1 3 4-40 
I1 3 4-41 
I1 3 4-42 
I1 3 4-43 
I1 3 4-44 
I1 3 4-45 
I1 3 4-46 
I1 3 4-47 
I1 3 4-48 
I1 3 4-49 
I1 3 4-50 
I1 3 4-51 0 I1 3 4-52 
I1 3 4-53 
I1 3 4-54 
I1 3 4-55 
I1 3 4-56 
I1 3 4-57 
I1 3 4-58 
I1 3 4-59 
I1 3 4-60 
I1 3 4-61 
I1 3 5-1 

I1 3 5-2 
I1 3 5-3 
I1 3 5-4 
I1 3 5-5 
I1 3 5-6 
I1 3 5-7 
I1 3 5-8 
I1 3 5-9 
I1 3 5-10 
I1 3 5-11 0 I1 3 5-12 

- Title 

Subsurface Analytical Results - Strontium-89/90 (06’) 
Subsurface Analytical Results - Strontium-89/90 (6- 12’) 
Subsurface Analytical Results - Strontium-89/90 (> 12’) 
Subsurface Analytical Results - Tntium (0-6’) 
Subsurface Analytical Results - Tntium (6-12’) 
Subsurface Analytical Results - Tnt~um (> 12’) 
Subsurface Analytical Results - Uramum 233/234 (0-6’) 
Subsurface Analytical Results - U m u m  233/234 (6-12’) 
Subsurface Analytical Results - Urmum 2331234 (> 12’) 
Subsurface Analytical Results - U m u m  235 (0-6’) 
Subsurface Analytical Results - Uraruum 235 (6-12’) 
Subsurface Analytical Results - U m u m  235 (> 12’) 
Subsurface Analytical Results - U m u m  238 (0-6’) 
Subsurface Analytical Results - U m u m  238 (6-12’) 
Subsurface Analytical Results - U m u m  2313 (> 12’) 
Subsurface Analytical Results - Acetone (0-6’) 
Subsurface Analytical Results - Acetone (6-12’) 
Subsurface Analytical Results - Acetone (> 12’) 
Subsurface Analytical Results - Methylene Chloride (0-6’) 
Subsurface Analytical Results - Methylene Chloride (6-12’) 
Subsurface Analytical Results - Methylene Chloride (> 12’) 
Subsurface Analytical Results - Toluene (0-6’) 
Subsurface Analytical Results - Toluene (6-12’) 
Subsurface Analytical Results - Toluene (> 12’) 
Subsurface Analytical Results - Bis(2-ethylhexyl)phthalate 

Page No 

II 3-508 
11.3-509 
I1 3-510 
I1 3-511 
I1 3-512 
I1 3-513 
I1 3-514 
I1 3-515 
I1 3-516 
I1 3-517 
I1 3-518 
I1 3-519 
I1 3-520 
I1 3-521 
I1 3-522 
I1 3-523 
I1 3-524 
I1 3-525 
I1 3-526 
I1 3-527 
I1 3-528 
I1 3-529 
I1 3-530 
I1 3-531 
I1 3-532 

Locahons of Phase and Histoncal Boreholes and Momtonng Locations in 
OU4 I1 3-533 
195 1 Surface Topography - OU4 Area I1 3-534 
1986 Surface Topography - OU4 Area I1 3-535 

I1 3-536 
SurFicial Matenals Map I1 3-537 

Locations of Geologic and Refraction Seismic Lines 

1986/195 1 Topographlc Map Companson 

Colluvial/Alluvial Isopach Map I1 3-538 
I1 3-539 

Alluvial and Bedrock Cross-Section A-A’ I1 3-540 
Alluvial and Bedrock Cross-Section B-B’ I1 3-541 
Alluvial and Bedrock Cross-Section C-C’ I1 3-542 
Alluvial and Bedrock Cross-Section D-D’ I1 3-543 
Alluvial and Bedrock Cross-Section E-E’ I1 3-544 

OU4 Proposed IMlIRA EA Decision Document 
11 3-Xl1 February 10 1995 



- No 

I1 3 5-13 
I1 3 5-14 
I1 3 5-15 
I1 3 5-16 
I1 3 5-17 
I1 3 5-18 
I1 3 5-19 
I1 3 5-20 
I1 3 5-21 
I1 3 5-22 
I1 3 5-23 
I1 3 5-24 
I1 3 5-25 

TABLE OF CONTENTS (contmued) 
(for Secuon II 3) 

LIST OF FIGURES (contmued) 

- Title 

Bedrock Paleotopographc Map 
Lithofacies Map of Basal Rocky Flats Alluvium 
Ideallzed Slump Block Cross-Section 
Subcroppmg Bedrock Lithology Map 
Borehole 42193 Geophysical Log 
Borehole 44193 Geophysical Log 
Geophysical Lme 1 
Geophysical Line 2 
Geophysical Lme 3 
Geophysical Lme 4 
Geophysical Line 5 
Geophysical Line 6 
Geophysical Lme 7 

Page No 

u 
i1 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 

: 3-545 
: 3-546 
3-547 
3-548 
3-549 
3-550 
3-55 1 
3-552 
3-553 
3-554 
3-555 
3-556 
3-557 

Y32  29wpf 11 3-Xi11 
OU4 Proposed IMlIRA EA Decision Document 

Fcbnury 10. 1995 



II.3 RESULTS OF THE OU4 PaAsE I RFURI 

Results of the OU4 Phase I RFI/RI, supplemented with tables and figures tmnmammg the data, 
I are presented m thn section mcludmg 

, Charactenzation of the potential sources of contamination associated with the 
ongml  earthen ponds and existmg Solar Evaporation Ponds (Section I1 3 l), 

Results of the suficial soil radiological survey and samplmg program includrng 
random, discrete and borehole surficial soils (Section I1 3 2), 

Results of the vadose zone mvestlgation as descnbed in T e c h c a l  Memorandum 
No 1, Vadose Zone Investigation (Sectlon 11 3 3), 

Summanes of the chemcal analytical results for subsurface soil and bedrock 
(Section I1 3 4), 

Geologic mvestlgation results mcluding an assessment of  contaminant distribuaon 
adjacent to the ponds and ~n the remainder of OU4 (Section I1 3 S), and 

Sigmficant quality assurance/quality control results (Section I1 3 6) 

0 For the purposes of evaluatmg the extensive data and reportmg the analytical results collected 
during the Phase I RFI/RI, a statlstical analysis of the data was completed to determine the 
Potential Contaminants of Concern (PCOCs) A detailed descnption of the statistical procedures 
is presented in Appendix I11 A 

To summarize the procedures descnbed m Appendrx I11 A , all available data for 
i o r g m c  and radionuclide analytes were statistically evaluated to determrne if the RFI/RI data 
were sigmficantly different than, background data The compmson process used four umque, 
non-parametric analysis of vmance (ANOVA) compmson tests The tests rncluded cornpanson 
of maxlmum RFI/RI observaoons for analytes to either a calculated, non-parametric 99% upper 
tolerance l m t  (UTL) or to the maxmum background data, the slippage test, the quantile test, 
and the Gehan test 

Analytes were classified as PCOCs if they failed one or more of the latter three tests 
Analyte data sets that contarned values greater than the 99% UTL or greater than the maxmum 
background by several orders of magmtude were considered PCOCs The latter scenario was 
a screen for "hot-spot" contammation Orgmc chemicals became PCOCs if detections of a 
particular chemical exceeded five percent of the samples analyzed Tables I1 3 2-2 and I1 3 4-1 
list the surficial soil and subsurface soil and bedrock PCOCs, respectively 
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II.3.1 Results of Original and Existing Solar Evaporation Ponds Investigation 
I 

Several investigative activities were conducted to fulfill the OU4 Phase I RFI/RI Work 
Plan objechves for charactenzmg the ongml and existmg SEPs (Section I1 2 3) Activities 
included research of hstoncal records, review of aenal photographs and engineering drawings, 
and field mvestigation activities includmg visual surveys, radiation surveys, surface and 
borehole geophysics, and samplmg and analysis of pond lmer, subgrade, surface soils, and 
subsurface soils The results from these activities are provided in this section 

Histoncal dormation regardmg the ponds is summanzed from the 1988 Solar 
Evaporation Ponds Closure Plan (Rockwell, 1988) Descnptions in this report rely prmarily 
on the 1988 mformaoon, however, th~s report mcludes addioonal information obtained since the 
release of the 1988 Solar Evaporation Ponds Closure Plan An extensive Solar Evaporation 
Pond History Tmelme is rncluded m Appendlx I1 B, in which construction information, potential 
releases, cleanup activities, leakage monttormg , and pond repairs are documented Figure 
I1 3 1-1 graphcally presents SEP construction chronology m tunelrne format 

11.3.1.1 Original Earthen Ponds 

The mvestigahon of the onglnal SEPs area was designed to characterlze the types and 
distnbution of contammants m suficial and subsurface soils, to evaluate the physical features 
and dunensions of the origml SEPs, and to identify the presence of pond construction materials 
(clay lmer), as well as piping and other equipment that may have been abandoned in place 0 

The specific objectives of the Onginal Ponds, or earthen ponds, investigation were two- 
fold Fust, identify the contammants present and ther spatial distribution, and second, define 
the boundanes and physical features of the Origlnal Ponds, as well as the presence of pond 
construction matenals and associated equipment The configuration and exact locations of the 
Origml Ponds were unclear pnor to unplementation of the OU4 Final Work Plan Activities 
completed for the Ongml Pond mvestigation mdicated the presence of not one, but three 
individual earthen-lmed ponds m that area, necessitatmg the need to change the reference from 
origlnal pond to onglnal earthen ponds Field activities were emphaslzed in the southernmost 
earthen pond area (Pond 2-Auxiliary) because SEP 207-C, whch currently contains fluids and 
sludges, exists in the general area once occupied by the other two earthen ponds (Ponds 2 and 
2D) 

The three earthen ponds are no longer evident in the field, but were constructed near the 
current SEPs dumg the 1950s Regrading and removal of the soil and clay liners of the original 
earthen ponds in the 1960s made it difficult to ascertain their exact location and how they may 
have mpacted contamination in OU4, although a review of historical documents and aerial 
photographs yielded some information about them 

The search for residual physical features involved a review of historical information 
related to the Original Ponds and geophysical surveys of the original Pond 2-Auxiliary area 
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0 The geophysical surveys lncluded borehole geophysics, a GPR survey of the area that was 
ongmlly occupied by Pond 2-Auxlliary, as well as a portion of the sitewide seismic refraction 
survey that was conducted ln the area (whlch was not useful for identifying the Original Ponds) 
The Origlnal Ponds mvestigaQons lncluded dnlling and sampling SIX soil boreholes The 
presence or absence of contarmnants was documented through chemical analysis of soil and 
vadose zone pore water 

I 

II.3.1.1.1 Historical Update of Original Earthen Ponds 

The ongmal Solar EvaporaQon Pond, Pond 2, was constructed in October 1953 (Figure 
I1 3 1-1) m the vicmty of present-day SEP 207-C by building dikes and limng the area with 
clay The location of Pond 2 with respect to the existlng SEP 207-C is shown in Figure I1 3 1- 
2 The elevation of the pond floor is unknown, but it was reported to be at the same elevation 
as the surrounding topography (approxmtely 5,979 feet above mean sea level) Wastes were 
first discharged to Pond 2 m December 1953 Seepage areas were discovered and the pond liner 
was repalred as needed with the addibon of more clay In 1955, plans were made to construct 
SEP 207-A when it became apparent that additional storage would be required for the winter of 
1955/1956 In September 1955, a second earthen pond was constructed southeast of Pond 2 

Thls second pond was designated Pond 2-Auxiliary and was built adjacent to the 
southeastern comer of Pond 2 as shown m Figure I1 3 1-2 Wastes entered Pond 2-Auxiliary 
through a welr at the comer common with Pond 2 Pond 2-Auxiliary was originally unlined, 
but was lmed 111 January 1957 with clay Routine use of Ponds 2 and 2-Auxiliary ceased in 
August 1956 when Solar Pond 2A (later designated SEP 207-A) was placed in service, but 
llmited use of Ponds 2 and 2-Auxiliary continued into the early 1960s 

0 
A thlrd clay-lmed pond was constructed in April 1959 to prevent SEP 207-A from 

overflowing, and to support demtnfication expements pertinent to the SEPs The 
demtnfication expements contmued unsuccessfully until the fall of 1959 Th~s third pond was 
located mediately east of Pond 2 as shown in Figure I1 3 1-2, and was designated either as 
Pond 2C or Pond 2D, with existlng Pond 2-Auxiliary receiving the remamng designation 
(EG&G, 1992b) The new pond is believed to have been designated Pond 2D Th~s convention 
is used for the remamder of this report 

Pond 2-Auxiliary was removed, and the area was regraded in October 1962 in 
anticipation of the construction of Building 779 Analyses of soil from the bottom of Pond 2- 
Auxiliary showed 11,000 to 75,000 disintegrations per minute per hlogram (dpdkg) of 
radioactive contamination (Hill, 1962a) Contaminated soil from Pond 2-Auxiliary was placed 
in one of the East Trenches in OU2 on the Rocky Flats Plant site The clay limng of Pond 2- 
Auxiliary was also removed Pond 2 and Pond 2D remalned in place until 1969 when the area 
was regraded in preparation for construction of SEP 207-C Soil from the area of the old clay- 
lined pond was possibly used in the construction of SEP 207-C (Rockwell International, 1988) 
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II.3.1.1.2 Historical Photograph and Engineering Drawing Evaluation 

Aerial Photographs 

An mterpretation of a series of histoncal photographs was completed to further define 
and delmeate the location, orientation, and eventual disposition of the earthen-lined ponds in the 
area of the SEPs (Table 11 2-2 lists the photographs reviewed ) 

A summary of the evaluation of the relevant hlstoncal photos (Figures I1 3 1-3 through 
I1 3 1-9) follows 

1954, August Figure I1 3 1-3 is an August 1954 aenal photograph of the 
origlnal Pond 2 whch appears to be in use No other 
evidence of disturbed ground is apparent in the vicinity of 
the pond 

1956, September Figures I1 3 1-4 and I1 3 1-5 are two September 1956 ground oblique 
photos They show the onginal Pond 2 meeting the northwestern comer 
of Pond 2-Auxiliary, with a recently completed SEP 207-A to the east 
Both Ponds 2 and 2-Awrihary contaln liquid and appear to be in use 
Ther combined length extends as far north and south as SEP 207-A 

@ 1966, July 

1969, June 

1969, July 

Figure I1 3 1-6 is a July 1966 aerial photo showing current SEPs 207-A 
and 207-B North, Center, and South, as well as Ponds 2 and 2D, which 
are onented side-by-side directly west of SEP 207-A Building 779 is 
already completed 

Figure II 3 1-7 is a June 1969 oblique aerial photo showing that 
Ponds 2 and 2D still exist 

Figure I1 3 1-8 is a July 1969 low-altitude oblique photo This 
close-up of pond area shows construcaon activity related to the 
regradmg of the ground surface around Ponds 2 and 2D underway 

1970, May Figure I1 3 1-9 is a May 1970 low-altitude oblique photo showing 
that Ponds 2 and 2D have been regraded and that SEP 207-C has 
not yet been constructed 

Engineering Drawings 

The most complete set of englneenng drawings for the SEPs are in Appendix 1 to the 
1988 Solar Evaporation Pond Closure Plan (Rockwell, 1988) These drawings were reviewed 
to determine the locations of the Onginal Ponds relative to the present SEPs so that boreholes 
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0 could be located appropnately to mvestigate the presence or absence of Ongml  Pond h e r  and 
construction matenals Figure II 3 1-5 is an engineenng drawing from 1955 whch provides the 
general location of Pond 2 and 2-Auxiliary with respect to SEP 207-A The drawing is a design 
drawing for the construction of SEP 207-A, and contains few details about Ponds 2 and 2- 
Auxiliary The drawing mdicates that Pond 2 and 2-Auxiliary shared not only a common 
comer, but also a significant amount of berm The configuration of Ponds 2 and 2-Auxiliary as 
shown on this drawing is not substantiated by the aenal photograph review in which only the 
comers of the ponds adjoin (Figure I1 3 1-5) The configuration shown in aenal photographs 
is considered a more accurate record of the history of Ponds 2 and 2-Auxiliary 

I 

11.3.1.1.3 Ground Penetrating Radar 

The prmary objective in usmg GPR in the original SEP area was to locate the boundaries 
of the Original Ponds and to locate any piping or other fittings not removed at the time the 
ponds themselves were removed It is apparent from the aerial photo review and engineering 
drawing review that Ponds 2 and 2D were located in the area of existing SEP 207-C Therefore, 
the prmary objective was modified based on the review of historical information to scan the 
subsurface matenals in an attempt to identify remains of one of the former cells, Pond 2- 
Auxiliary The GPR survey was therefore conducted in the area south of SEP 207-C and west 
of SEP 207-A, in a lunited areal extent of where Pond 2-Auxiliary is known to have existed 

Profiles were laid out west to east and from north to south in order to obtain 
representative GPR sample responses throughout the area Buildings, ventilator fans, well 
casings, hydrants, and stored materials prohibited GPR profiling in many areas Figure I1 3 1- 
11 shows the approxmate location of the profiles taken Using a facility drawing of the area, 
GPR lme locations were based upon distances from building and area features, like building 
entrance pads and hydrants Distances along the GPR profiles were paced-off as the survey was 
conducted Known or estmted depths of water lines could serve to establish the depth of GPR 
penetration Usmg a 300-MHz antenna, the maxmum depth of the investigation was estimated 
to be approximately 10 feet 

Figure I1 3 1-12 shows the interpreted results of the Original Pond survey using the 300- 
MHz antenna The amount of subsurface and surface cultural obstacles hindered or masked 
detection of the Onginal Pond A circular anomaly of unknown origin, approximately 35 feet 
in diameter adjacent to Building 779, was detected on three GPR profiles This anomaly reflects 
disturbed soils, posslbly representing an excavated area associated with the Original Ponds or 
foundation construction associated with Building 779 or former Building T707 The diffuse and 
shallow GPR signature is not charactenstic of underground storage tanks or former tank 
excavations, and no further investigation of this anomaly is recommended Other GPR 
anomalies confirmed the location of several pipes and trenches shown on facility drawings GPR 
anomalies occurring approxmately 10 feet away from the facility drawing location of six process 
waste lines may indicate a drafting error in facility drawings The interpretation also identified 
non-documented trenches and pipes which may serve as a contaminant pathway Figures I1 3 1- 
13 and I1 3 1-14 are color-enhanced profiles of GPR lines 1 and 5, respectively Selected 
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a anomalies are identified on each profile whxh are representative of features mterpreted from the 
survey of the onginal SEPs area 

11.3.1.1.4 Subsurface Investigation 

Unconsolidated materials in the area corresponding to the suspected location of the 
original earthen ponds were investigated by drilling boreholes to provide information on soil 
chemistry m near-surface and subsurface soils, identify old clay liner material (if present), 
provide information on depth to ground water, and provide information on weathered bedrock 
underlylng the Original Ponds 

Six boreholes (Figure I1 3 1-15) were dnlled during the OU4 Phase I RFI/RI dnllmg 
program in areas suspected to be within the histoncal location of the onginal earthen ponds as 
identified from the histoncal data review This represented an increase m the scope of the 
investigation from that stated in the work plan by increasing the number of boreholes from four 
to six, the rationale for whlch was presented in TM2 Four boreholes were drilled specifically 
to mvestigate the presence of remnants of the original earthen ponds (40993,41993,42893, and 
43593), and two other boreholes, one of which was relocated from within SEP 207-C (42393) 
and another which was imtially considered an "around ponds" borehole (42993), provide 
information on the Origlnal Pond area Boreholes 41993 and 42393 were completed adjacent 
to the western edge of SEP 207-C in the histoncal location of Pond 2 Boreholes 40993 and 
42993 were completed adjacent to the northwestern and southeastern comers of Pond 2D, 
respectively Boreholes 42893 and 43593 were completed within the histoncal Pond 2- 
Auxiliary Three of these boreholes, 41993, 42993, and 43593, were completed as piezometers 
to collect alluvial ground water elevation data Two of the boreholes (40993 and 42893) were 
completed as vadose zone momtoring locations, and lysuneters and neutron access tubes were 
installed Physical property analyses were conducted on samples from boreholes 40993 and 
42893 Borehole geophysical measurements were made in borehole 42993 

0 

As previously menhoned, boreholes 41993 and 42393 were completed adjacent to the 
western edge of SEP 207-C and adjacent to the hlstoncal location of Pond 2 Thls conclusion 
is based on aenal photo interpretation (Figure I1 3 1-8) and field observations dunng the OU4 
Phase I RFI/RI drillmg program Figure I1 3 1-8 (July 1969 Regrading of Ponds 2 and 2B) 
shows a dirt road and what appears to be a trench between the western edge of Pond 2 and the 
north-south trendmg fence just west of Pond 2 At this tune, only a single-lane dirt road is 
present between the western edge of SEP 207-C and the fence Boreholes 41993 and 42393 are 
approximately 10 and 12 feet east of the fence, respectively The assumption that boreholes 
41993 and 42393 are completed adjacent to the historical location of Pond 2 is based solely on 
the north-south trending fence (reference point), west of the SEP 207-C, whlch is presumed to 
have remained in existence since the tune that Pond 2 was in operation and the present day 
Boreholes 40993 and 42993 were completed adjacent to the northwestern and southeastern 
corners of Pond 2D, respectively 
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Exammation and dekuled loggmg of the soil cores recovered d m g  dnllmg mdicated that 
subsurface soils consist predommntly of sandy gravel with some silt and clay Logs of the soil 
cores did not indicate that the boreholes were from fill matenal, however, there was other 
evidence suggestive of the histoncal compacted clay or silt h e r  Vertical, clay-filled fractures 
were observed in cores from borehole 41993, and the Atterberg Llmits tests of samples from 
borehole 42893 indicated the presence of plastic clays that were markedly different from clays 
typically found in the Rocky Flats Alluvium 

The gravel fraction found in the alluvium is generally well-graded and consisted 
predominately of angular to sub-rounded clasts of blue-gray quartzite that range from 20 to 85 
percent by volume The sand fraction consists of fine-to coarse-grained, angular to sub-rounded 
quartz which ranged from 7 to 48 percent by volume Figures I1 3 5-8 and I1 3 5-10, presented 
and discussed in Section 11 3 5, show detailed subsurface lithology in the Original Ponds area 

The subcropping bedrock lithologies encountered in the Pond 2,2D, and 2-Auxiliary area 
consisted of claystone, silty sandstone, sandy claystone, and sllty claystone Claystone bedrock 
was encountered at depths ranglng from 7 0 feet below grade at borehole 43593 to 12 9 feet 
below grade at borehole 42993 Silty claystone bedrock was observed at approxunately 7 2 feet 
below grade in borehole 42893 located in the suspected central portion of Pond 2-Auxiliary 
The claystone bedrock consists predommtly of light gray to brown, very fine to fine-grained, 
slightly calcareous claystone that does not contam any visible beddmg Silty claystone was 
observed in borehole 42993, located m the suspected southeastern portion of Pond 2D, at 12 9 @ feet below grade 

A silty sandstone subcropping umt was encountered in boreholes 40993, 41993, and 
42393 The silty sandstone was observed at approxunately 9 7 (40993), 7 6 (41993), and 8 1 
(42393) feet below grade The sandstone unit encountered in borehole 40993, located north of 
SEP 207-C, contained mterbedded claystone lenses approxunately 0 3 to 1 0 feet thick from 9 7 
to 27 6 feet below grade Claystone was encountered from 27 6 to a total depth of 34 5 feet 
below grade The silty sandstone umt encountered in borehole 41993, located west of SEP 207- 
C, was present from 7 6 to 15 5 feet below grade A silty claystone was observed below that 
from 15 5 to a total depth of 20 0 feet below grade "he sandstone umt encountered in borehole 
42393, located west of SEP 207-C, was present at approxmately 8 1 to 14 0 feet below grade 
Claystone bedrock was observed from 14 0 to a total depth of 15 1 feet below grade The 
sandstone is light gray to browmsh yellow, well-rounded, very fine-to-fine-grained quartz with 
some clay and silt The sandstone contained argillaceous cement and horlzontal bedding 

Ground water was encountered in borehole 42993 at 10 9 feet below grade during 
dnlling, however, it was not encountered in boreholes 42893 and 43593 Ground water was 
encountered at 26 3 feet below grade in borehole 40993 and at 7 8 feet below grade in borehole 
41993 dunng drilling Ground water also was observed dunng drilling at a depth of 4 3 feet 
below grade in borehole 42393 The ground water levels found during drilling are only 
indicative of the relative permeabilities of the subsurface materials at each particular borehole 
None of the boreholes were allowed to remain open after drilling for a sufficient period of tune 
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e to obtam static water levels, and the ground water levels observed do not n e c e m l y  represent 
true static ground water levels 

Little of the visually observed subsurface matenal was considered mdicahve of remnants 
of the ongml  earthen ponds, whch is consistent with hstoncal records indicatmg that the llners 
were removed or regraded The subsurface matenals appeared to be relatively umfonn 
throughout the area, with the exception of vertical clay-filled fractures in borehole 41993 and 
the presence of plastic clays in borehole 42893, as previously noted The analytical results of 
soil and bedrock samples are presented and discussed M Section I1 3 4, Subsurface Soil and 
Bedrock Chemical Analytical Results 

11.3.1.2 Existing Solar Evaporation Ponds Investigation Results 

Activities conducted at SEPs 207-A, 207-B Center, and 207-B North to meet the 
objectives of the OU4 Phase 1 RFI/RI Work Plan included visual surveys of the liners, alpha 
and beta/gamma radiation surveys of the pond hers ,  ground penetrating radar, liner and 
subgrade sampling and analysis, and subsurface samplmg and analysis Results from these 
activities are presented in this section and 111 Section II 3 4, Subsurface Soil and Bedrock 
Chemical Analytical Results 

11.3.1.2.1 Visual Surveys of Liners 

The objectives of the visual liner surveys as stated in the OU4 Phase I RFI/RI Work Plan 
were to identify cracks or liner breaches and to locate boreholes both in areas where the liner 
integrity was questionable and in areas where the liner appeared intact The purpose for locating 
boreholes in these respective areas was to evaluate whether the observable breaches in the liners 
allowed for leakage of pond fluids 

a 

The liner inspections were conducted in SEP 207-A on two separate occasions on 
December 9, 1992, and again on February 26, 1993 On December 9, 1992 approxunately two- 
thuds of the h e r  was exposed for visual mpection The northeastern one-hrd of the SEP was 
covered with ice and snow On February 26, 1993 the pond h e r  was inspected after the ice 
and snow-covered ice had melted The area 111 the northeastern edge of the pond surroundmg 
the sump was observed to have standlng water approxmately 4 inches deep 

Results of the visual surveys are depicted on Figure I1 3 1-16 Figure I1 3 1-16 is a 
sketch of the pond which lncludes approxmte locations of cracks, breached, or bubbled areas, 
and vantage points from which photographs were taken Photographs, as well as the complete 
visual inspection report, are lncluded in Appendix I1 D 

The uppermost layer of pond h e r  material was observed to be extensively cracked and 
otherwise deteriorated throughout most of the mpected area The northeastern one-thud of the 
pond liner exhibited the least amount of crackmg and bubbling, and the western and southern 
two-thirds of the pond liner and berm slopes exhibited the most extensive cracking and bubbling 
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0 Bubbles and crackmg UI the liner are believed to be caused by thermal/ultraviolet deterioraQon 
durmg penods when the llner was exposed Several long contmuous cracks were observed m 
the liner, whch had detenorated, causmg locallzed widemng and exposmg sipficant port~ons 
of the underlymg l m r  Some of the cracks contamed soil and gravelly matenal, perhaps 
entrapped in the liner and unable to be removed dunng the sludge cleanmg operaoon It could 
not be visually detennlned if the soil and gravelly material were mdicative of full lmer breaches 

Visual observations of the SEP 207-A liner did not allow conclusive identification of 
obvious h e r  breaches because it was unable to be detemned if observed cracks extended 
through the underlymg asphahc concrete The visual results were therefore compared to results 
from a pilot geophysical study usmg ground penetratmg radar technology As further discussed 
later in th~s section, the 900 MHz antenna aided the evaluation of breaches or cracks through 
the h e r  The visual survey confirmed that the liner has deteriorated and cracked areas are 
present 

Based on the visual and geophysical survey, three boreholes were located in areas 
displaying the most damaged he r ,  and three boreholes were located m areas where the liner was 
considered to be relatively lntact Boreholes 42193, 43393, and 43693 were located in areas 
where liner cracks were observed. Boreholes 41593, 42493, and 42593 were located in areas 
of relatively intact lmer The resultmg borehole locations m SEP 207-A are shown in Figure 
I1 3 1-16 Documentation of the borehole location changes was included m TM2 

Visual inspections of the 207-B Center and 207-B North SEPs asphaltic liners were 
conducted on September 1, 1993 As with the SEP 207-A inspection, these visual inspections 
were conducted by wallung around the peruneter of the ponds and on the pond floor, talung 
photographs of selected features, and malung a map showing the approxunate locations of 
pertinent features Figures I1 3 1-17 and I1 3 1-18 are sketches showing the results of the visual 
inspections Appends I1 D lncludes more detailed reports of the surveys and includes the 
photographs documentmg h e r  conditions at the tune of the survey 

The h e r s  on both SEP 207-B Center and 207-B North are in detenorated conditions 
The h e r  surfaces are rough and uregular Tar tack coats, origmlly applied as seals over 
asphaltic concrete, are missmg from most areas of the pond floors A pattern of thm, shallow 
cracks is typically present on areas of bare asphaltic concrete where the tar tack coat is misslng 
Where the tar tack coat is present, the liner surface is typically rough and irregular and no 
longer smooth 

Several potential breaches in the liners were noted during the imtial inspection and durmg 
subsequent trips mto the SEPs Potential liner breaches were noted on the pond floor where 
cobbles are pressed down lnto the asphaltic concrete Borehole 46693 in SEP 207-B North was 
located next to a cobble pressed into the liner A cmular hole approxunately 4 inches in 
diameter was noted in the extreme southwestern corner of SEP 207-B North, near the drain pipe, 
on November 4, 1993 Borehole 46593 is located 
approximately 40 feet northeast of this hole 

The depth of this hole is unknown 
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Potential h e r  breaches on the berm slopes were! noted 1 ~ .  both ponds, however the SEP 
207-B Center berm slopes are more extensively cracked than the SEP 207-B North berm slopes 
The berm slopes on both ponds appear to have a more recently mtalled fabnc matenal and tar 
tack coat The berms of SEP 207-B Center are 1 ~ .  a detenorated condition with numerous 
obvious cracks that extend down to soil Weeds are growing either in or through many of the 
cracks in the berms, as documented in the photographs presented in Appendix I1 D 

~ 

II.3.1.2.2 Radiological Surveys of the SEPs 

Alpha, beta, and gamma radiological surveys were conducted at the existing SEPs 
These surveys were following the methodologies previously described in Section I1 2 3 2 

conducted to determine the radiological charactenstics of the SEP liners 

SEP 207-A 

Alpha and beta radioactivity survey data obtamed witlun SEP 207-A are presented in 
Table I1 3 1-1 For any given survey point, both alpha and beta smear counts were obtamed 
from the same smear paper and recorded on the field form The alpha survey consisted of 
collection of two types of alpha measurements, one for total alpha activity for the selected 
medium, and one for the removable alpha radioactivity on the media surface Subtraction of the 
two values provides the quanQty of fmed alpha radioactivity, or that bound into the media The 
first measurement was an mtrument scan of the gnd square for total alpha activity Instrument 
readmgs less than 250 counts per mmute (cpm) are considered to be below action limits specified 
in the EG&G Environmental Management Radiological Guideline (EMRG) 3 1 The locations 

near the southern edge of the pond, the eastem-central portion of the pond, the western area near 
the old clanfier, and m the northeastern region close to the sump Figure I1 3 1-19 shows the 
results of the total alpha activity measurements from SEP 207-A 

0 
I where instrument readings were above 250 cpm, and therefore above EG&G action levels, were 

Removable alpha radioactivity was measured using swipe and smear sampling procedures, 
the results of whch are shown on Figure I1 3 1-20 The NRC has established 20 disintegrations 
per minute (dpm) per 100 cm2 as the l m t  for acceptable surface contamination levels for 
removable contamination from transumc elements (Pu-239/240 and Am-24 1) when considering 
the unrestricted release of facilities or equipment The survey points where this llmit was 
exceeded are located pmarily in the northern section of the pond, although one isolated reading 
in the southwestern portion of the pond exceeded the lunit 

Removable beta radioactivity data were also obtained and were compared to NRC 
guidelines These guidelines establish 1,0oO dpd100 cm2 as the limit for acceptable surface 
contamination levels for removable contammation resultmg from beta-gamma emitters when 
considering the unrestncted release of facilities or equipment If strontium-90 (Sr-90) is known 
to be present, the Imit is 200 dpm/100 cm2 All SEP 207-A beta readings were below the more 
stringent limit of 200 dpd100 cm2and ranged from 0 to 63 dpd100 cm2 The majority of 
beta measurements (219 out of 419 - 52%) were equal to zero 
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The gamma survey results from SEP 207-A are presented m Table II.3 1-2. Becaw the 
data were obtamed from SEP 207-A and did not mclude background readmgs, an achon level 
for the SEP 207-A survey was denved from standard WETS practice and from WETS EMRG 
6 6 Usmg calculahon procedures in EMRG 6 6, anomalous values can be computed from the 
instrument checkpomt readmg plus two tunes the square root of the instrument checkpomt 
Readings above 3,618 cpm were therefore considered anomalous FIDLER readmgs for the SEP 
207-A survey are shown in Figure I1 3 1-21 Survey readmgs higher than 3,618 cpm OCCUT 

pman ly  in the southern half of the pond and near the sump in the nortldnorthesstern corner 
The lllghest relative readmgs are located in the extreme southwestern comer of the pond 
Interpretation of these results mdicates that 57 percent (77 of 136) of the 100 mz gnd areas 
contain anomalous readmgs that are charactenzed by gamma emissions exceedmg the calculated 
background 

SEP 207-B Center 

Table I1 3 1-3 presents the results of the radiological surveys of SEP 207-B Center 
Figure I1 3 1-22 presents the results of the direct alpha radiation activity survey conducted m 
SEP 207-B Center The survey records are included in Appendix I1 E The majority of the 
direct alpha readmgs are below the m w u m  detectable activity (250 cpm) of the instrument 
used to perform the surveys Of the dlrect alpha readings that are above or at the lower l m t  
of detection, the readings range from 250 to 800 cpm In this instance, the majority of the 
higher readings are located in the northeastern quadrant of the pond 

Figure I1 3 1-23 presents the results of the removable (smear) alpha contammuon 
survey The field records are included in Appendlx I1 E The alpha contamination results for 
SEP 207-B Center range from 0-24 dpd100 cmz The contamination results are slightly hqehr 
in the western half of the pond, with sporadic results up to 15 dpd100 cm2 elsewhere The 
hghest detection (24 dpd100 cm2) is located approxlmately 32 5 feet east and 27 5 feet nonh 
of the southwestem comer of the pond 

Figures I1 3 1-24 and I1 3 1-25 present the results for the direct beta radiation survey and 
removable (smear) beta contarmnation survey in SEP 207-B Center The field records for the 
SEP 207-B Center surveys are mcluded 111 Appendlx I1 E 

The majority of the dlrect beta readings are below the lower h i t  of detection (100 cpm) 
of the instrument used to perform the surveys Of the dvect beta readings that are above or at 
the lower h i t  of detection, the readmgs range from 100 to 500 cpm with one major eXCephon - 
a single hot spot with a reading of 6,000 cpm located in the southwestern comer of SEP 207-B 

Center This anomaly could be a result of the contribution from the contammated drain pipe or 
of a "hot particle" located witlun the asphalt matm The higher direct survey readmgs have a 
slight tendency to be on the western side of the pond 

The beta contamination (smear) results for SEP 207-B Center range from 0 to 1 1 1  
dpd100 cmz The majority of the detections, particularly the higher values, are located on the 
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westem half of the pond, with sporadic detectloas elsewhere If a hot particle is the explanation 
for thu duect survey result, then it is probably located withm the asphalt m a m ,  and therefore 
not loose, as the contamination result for that location is only 48 dpd100 cm2 As with the 
dlrect beta results, the beta contammation results have a tendency to be higher on the western 
side of the pond There is no readily apparent correlation between the beta contamination and 
direct reading results 

@ 

Table I1 3 1-3 and Figure I1 3 1-26 present the results of the gamma radiation survey 
conducted m SEP 207-B Center The field records for this survey are included in Appendix 
I1 E The direct readmg gamma results range from 208 to 2,980 cpm above background The 
highest drect gamma and beta readmgs were detected in the same location, in the southwestern 
comer of the pond Thls fact lends credence to the hypothesis that either a "hot particle" is 
located within the asphalt matrrx m that location or that the drain pipe is contaminated and is 
accountmg for the duect readmgs noted m that location 

SEP 207-B North 

Table 11 3 1-4 and Figures I1 3 1-27 and I1 3 1-28 present the results of the direct and 
removable alpha radiation survey results The field records for these surveys are included in 
Appenduc 11 E 

The majonty of the direct alpha readmgs are below the m i m u m  detectable activity (250 
Of the direct alpha readings that are 

These a cpm) of the instrument utillzed to perform the surveys 
above or at the lower lmit of detection, the readings range from 250 to 300 cpm 
readings tend to be toward the western side of the pond 

The alpha contammabon results (smear results) for SEP 207-B North range from 0 to 12 
dpd100 cm2 and are slightly lugher m the western half of the pond The two highest 
contaminaQon results (12 dprd100 cm2) are located approxmately 10 feet east and 15-25 feet 
north of the southwestern comer of the pond Again, the hlgher readmgs have a tendency to 
be on the western side of the pond 

Figures I1 3 1-29 and I1 3 1-30 present the results of the direct and removable beta 
radiation survey results The field records are included in Appendix I1 E 

The majority of the direct beta readings are below the lower I n i t  of detection (100 cpm) 
of the instrument used to perform the surveys Of the direct beta readmgs that are above or at 
the lower lmit of detection, the readings generally ranged from 400 to 700 cpm 

The beta contamination (smear) results for SEP 207-B North range from 0 to 60 dpd100 
cm2 The detections are generally located throughout the pond basin, however, there is a slight 
tendency for the majority of the higher detections to be located on the western side of the pond 
There is no readily apparent correlation between the beta contamination and direct reading 
results e 29 wpf OU4 Proposed JMIIRA EA Decision Document 
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Figure 113 1-31 presents the results of the gamma radiation survey m SEP 207-B North @ The field records are mcluded m Appendlx 11 E 

The direct reading gamma results range from -8 to 1,263 cpm above background, with 
one notable exception Located approxunately 50 feet north and 30 feet east of the southwestern 
corner, a single "hot spot" was detected The direct reading for this location is 3,890 cpm 
above background Based upon the location of this hot spot, there is a possible correlation with 
the alpha contammation results as alpha smears of 6 dpd100 cm2 were also noted in this same 
area Additionally, this hot spot is located approximately in the same location as the discolored 
water mark near the northwestern corner of the pond A possible explanation for this hot spot 
is that a minute particle of radioactive matenal remains entrenched within the asphalt matnx 

11.3.1.2.3 SEP Ground Penetrating Radar Surveys 

Ground penetrating radar surveys of the SEPs were only conducted in SEP 207-A, as 
specified in the OU4 Phase I RFI/RI Work Plan 

Figure I1 3 1-32 shows the location of the GPR survey within SEP 207-A and the 
calibration survey conducted adjacent to SEP 207-A The pnmary inherent difficulty with GPR 
is establishmg depth of penetration of the signal m a new area Attempts were made during the 
calibration survey to detect a known buned sewer line and a waste discharge line with a 
300-MHz antenna Four lines were recorded for the calibration survey This survey consisted 
of a three lme detail survey and a single lme survey along the road on the southwestern side of 
SEP 207-A Neither survey was successful in identifying the pipelines, perhaps due to less than 
desirable depth of penetration for the GPR Since the depths and diameters of the two buried 
pipes are not known, the actual depth of penetration could not be established Based upon pnor 
interpretation, expenence, and knowing a probable depth of bunal for the lines, depth of GPR 
penetration attamed in the survey was estlmated to be approxunately five feet or less 

0 

The GPR investigation withm SEP 207-A attempted to survey the materials beneath the 
lmer, survey for any man-made buned objects, and survey the pond lmer for possible breaches 
The 300-MHz antenna and the 900-MHz antenna were used m SEP 207-A Eleven lines were 
recorded m the southwestem comer of SEP 207-A usrng a 300-MHz antenna which surveyed 
the h e r  and below the liner Figure I1 3 1-33 depicts a typical 300-MHz antenna record 
There were no anomalous responses within the area of the survey, indicating that the pond liner 
and the upper subgrade are relatively urnform and there were no near-surface buried objects 
The depth of investigation could not be established, but is estunated to be approximately five feet 
or less 

The six northern 300-MHz GPR lmes were duplicated using a 900-MHz antenna The 
more sensitive 900-MHz antenna was used to survey for any discontinuities in the pond liner, 
survey beneath the liner, survey the shallow subsurface matenals, and assist the visual inspection 
process by identifying potential liner breaches Figure I1 3 1-34 shows a typical 900-MHz 
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record and GPR responses encountered durmg the SEP 207-A survey The depth of penetration 
was unknown but is estunated to be less than 3 feet ' @ 

Several anomalies appear on the SIX 900-MHz survey lines Interpreted GPR moisture 
and crack anomalies can be correlated to the observed pond liner deterioration zones or cracks 
seen during the visual inspection Other GPR anomalies are associated with the pond liner or 
materials beneath the liner Figure I1 3 1-35 shows an interpretation of these features Since 
the position of the GPR lines and the spacing along the lines is approxunate, the exact shape and 
position of these anomalies is also approxunate Two linear anomalies of unknown ongin are 
pronounced The western anomaly, seen on all 900-MHz lines, is elongated and is roughly 
parallel to the western edge of the pond It has been referred to as Zone 2 in the figures 
Approximately 100 feet long and 20 feet wide, Zone 2 seems to be encapsulated by Zone 1 
Below these two zones and in Zone 3 a lenticular anomaly can be seen on the three northernmost 
900-MHz GPR lines Without borehole information, the sigmficance of the elongated and 
lenticular anomalies can only be conjectured Possible explanations for the elongated anomaly, 
since it has closely spaced layers, is that it may represent a compaction feature or a liner 
construction vanation The lenticular anomaly may also be associated with liner construction 
or h e r  modification, but its shape appears to be conducive to channeling fluids Other 
anomalies appear to be isolated although there is a good match between the observed liner cracks 
and interpreted moisture plumes 

11.3.1.2.4 SEP Liner and Subgrade Sampling and Analysis 

Twelve asphalt liner samples and 12 subgrade (material immediately underlying the 
asphalt liner) samples were collected from the SEPs Six samples of each media were collected 
from SEP 207-A, and three samples each of asphalt and subgrade material were collected from 
SEPs 207-B North and 207-B Center The sampling locations are shown on Figure I1 3 1-36 

I 

e 
, 
, 

The asphalt samples were submitted for determlnation of TAL metals and radiochemical 
analytes Cyamde analyses were origlnally requested and were provided for the samples from 
the 207-B SEPs, however, cyamde analyses were deleted from the SEP 207-A samples per a 
request from EG&G Gross alpha and gross beta analyses were deleted from the liner analyte 
suite because the analysis method requires a densely compacted, homogeneous sample to provide 
accurate results The discontmuous sample matrvt provided by the asphalt samples would not 
allow reliable analysis results for gross alpha and gross beta Tritium was also deleted because 
the analysis method is dependent on the moisture content of the sample, and the asphalt liner 
sample was anticipated to contain negligible moisture 

Liner Analvtical Results 

Analytical results for the target analyte list metals and radiochemical analytes in the 
asphalt liner samples are included in Tables I1 3 1-5 through I1 3 1-8 Selected chemicals 
analyzed are mapped and discussed in this section if they also appeared on the potential 
contaminants of concern (PCOC) list for surficial soils Analytical results for the TAL metals 
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beryllium, cadmium, and sodium are plotted on Figures I1 3 1-37 through I1 3 1-39 Analytical 
results for the radionuclides amencium-241, cesium-134, plutomum-239/240, umum-233/234, 
urmum-235, and uracllum-238 are plotted on Figures I1 3 1-40 through I1 3 1-45 

@ 
Beryllium 

Beryllium analytical results for the liner samples are presented on Figure 11 3 1-37 
Beryllium was not detected in any of the SEP 207-A samples, however, it was detected 111 two 
of the SEP 207-B North samples and in all three of the SEP 207-B Center samples None of 
the detections exceeded 0 70 mg/kg Although not an appropnate companson, but to put these 
results mto perspective, the calculated background level of beryllium in surficial soils was 
calculated to be 0 92 mg/kg 

Cadmium 

Cadmium analytical results for the liner samples are presented on Figure I1 3 1-38 
Cadmium was detected in all 12 asphalt samples at concentrations rangmg from 0 80 to 69 7 
mg/kg SEP 207-B North contained sigmficantly higher concentrations of cadmium in the h e r  
samples than the other SEPs, as shown on Figure I1 3 1-38 This is attnbutable to either bgher 
cadmium concentrations in the particular waste streams that went into SEP 207-B North, or to 
less efficient sludge removal and liner cleamng activities than the other two SEPs For 
comparative purposes, the calculated background concentration of cadmium in suficial soils is 
0 64 mg/kg and is 2 3 mg/kg for subsurface soils 

Sodium 
0 

Sodium analytical results for the liner samples are presented on Figure I1 3 1-39 Sodium 
concentrations in the h e r  samples ranged from 135 to 1,050 mg/kg Sodium concentrations in 
the liner samples from SEP 207-B Center were generally hlgher (702, 746, and 1,050 mg/kg) 
than the other two SEPs sampled Thls also may be ambutable to the chemistry of the waste 
streams disposed of in that SEP For comparative purposes, the background concentration of 
sodium 111 surficial soils is 165 mg/kg and is 2,720 mg/kg in subsurface soils 

Americium-24 1 

Amencium-241 analytical results for the liner samples are presented on Figure I1 3 1-40 
Americium was not detected in any of the SEP 207-A liner samples, however, it was detected 
in each of the 207-B SEP samples The americium results for SEP 207-B Center were relatively 
uniform and ranged from 0 449 to 0 584 picocuries per gram (pCi/g) The americium results 
from SEP 207-B North were notably higher and ranged from 1 734 to 4 032 pCi/g For 
comparative purposes, the background concentration for amencium in surficial soils 0 027 pCi/g 
and 0 01 pCi/g for subsurface soils 
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cesium-134 
I 

Cesium-134 analytical results for the h e r  samples are presented on Figure I1 3 1-41 
None of  the liner samples analyzed contained cesium-134 above the laboratory detection lunits 

Plutonium-239/240 

Plutonium-239/240 analytical results for the liner samples are presented on Figure I1 3 1- 
42 Plutomum concentrations ranged from below the detection lmit to 3 126 pCi/g With the 
exception of  one sample from the southern end of SEP 207-A, the plutomum concentrations are 
slightly higher in the 207-B SEPs than in SEP 207-A For comparative purposes, the 
background concentration for plutomum in surficial soils 0 062 pCi/g and 0 02 pCi/g for 
subsurface soils 

Uramum-234 

Uramum-234 analytical results for the h e r  samples are presented on Figure I1 3 1-43 
These concentrations ranged from 0 68 to 4 66 pCi/g No discernable differences among the 
respective SEP analyses are apparent The uramum-234 isotope was not specifically analyzed 
in background samples 

Uramum-235 

Uramum-235 analytical results for the liner samples are presented on Figure I1 3 1-44 
Uramum-235 concentrations ranged from below the-detection lmit to 0 11 pCi/g No 
discernable differences among the respective SEP analyses is apparent All detections of  
uramum-235 in the liner samples were smilar to the background surficial and subsurface soil 
concentrations of 0 09 pCi/g and 0 10 pCi/g, respectively 

Uramum-238 

Uramum-238 analytical results for the h e r  samples are presented on Figure I1 3 1-45 
Uramum-238 concentrations ranged from 0 52 to 2 68 pCi/g and did not show sigmficant 
variations between the three SEPs sampled For comparative purposes, the background 
concentration for uramum-238 in surfkial soils is 1 270 pCi/g and 0 63 pCi/g for subsurface 
soils 

Submade Analytical Results 

Following h e r  excavation, 12 subgrade samples were collected from the matenal directly 
below the SEP asphalt h e r s  six from SEP 207-A and three each from SEPs 207-B Center and 
207-B North Each sample was collected from the top 2 inches of soil or subgrade matenal 
immediately underlying the liners The specific depths at which the subgrade samples were 
collected vaned due to the variable thickness of the asphalt liner The subgrade samples were 
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analyzed for nrtrak, TAL metals, radiochemical analytes, TCL semivolatlle orgamc compounds, 
pesticides, and PCBs. Tables II3.1-9 and II 3 1-10 present the subgrade analywal results for 
the subsurface PCOCs Figures I1 3 1-46 through 11 3.1-61 present the results graphcally 
Although calcium, manganese, potassium, and sodium appear on the PCOC list, they were not 
mapped and discussed because they are common rock-formmg elements and their presence at 
OU4 is more lrkely to be related to natural soil chemistry than to contaminant releases 

Barium 

Barium analytical results from the subgrade samples are presented on Figure I1 3 1 - 4 6  
Concentrations ranged from 37 5 to 93 7 mg/kg No discernable patterns of banum 
concentrations were apparent between the three SEPs sampled None of the samples exceeded 
the subsurface soil background concentration of 93 87 mg/kg 

Cadmium 

Cadmium analytical results from the subgrade samples are presented on Figure I1 3 1-47 
Concentrations ranged from below the detection lmit to 56 7 mg/kg None of the three samples 
from SEP 207-B Center was above the detection lmit Cadmium was detected in each of the 
six samples from SEP 207-A, however, the concentrations were low The cadmium 
concentrations detected at SEP 207-B North were notably hlgher than the other two SEPs 
sampled, and ranged from 23 7 to 56 7 mg/kg The background subsurface soil concentration 
for cadmium is 2 3 mg/kg 0 
Lithium 

Lithium analytical results from the subgrade samples are presented on Figure I1 3 1-48 
Concentrations ranged from 10 1 to 46 6 mg/kg As with cadmium, the lithium concentrations 
are lugher beneath SEP 207-B North than the other two SEPs sampled None of the results, 
however, exceeded the background subsurface soil concentration of 83 2 mg/kg 

Nitrate/Nitnte 

Nitrate/mtnte (as mtrogen) analytical results from the subgrade samples are presented on 
Figure I1 3 1-49 Nitrate concentrations ranged from 22 1 to 5,170 mg/kg All of the results 
exceeded the background concentration for mtrate in subsurface soils of 7 1 mg/kg The results 
of the analyses from SEP 207-B Center are questionable despite being validated The sample 
from location 46993 in the northwestern part of the SEP reportedly contained rutrate at a 
concentration of 5,170 mg/kg, wluch is approxunately two orders of magmtude greater than the 
other two samples from that SEP None of the other PCOCs analyzed from this location showed 
correspondingly elevated results, which would be expected if a sigmficant release had occurred 
at this location 
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e -  
Zinc analytical results from the subgrade samples are presented on Figure I1 3 1-50 

Zinc concentrations ranged fiom 18.2 to 66 0 mg/kg. No discernable differences between the 
analytical results of  the respectwe SEPs are apparent Ten of  the 12 samples exceeded the 
subsurface soil background concentration of  23 64 mg/kg 

Americium-241 

The amencium-241 analytical results from the subgrade samples are presented on Figure 
I1 3 1-51 The amencium concentrations ranged from 0 0114 to 44 68 pCdg The results of  
samples from SEP 207-B North are bgher than SEP 207-B Center and generally higher than 
SEP 207-A All of  the subgrade samples exceeded the a m e n c i u  subsurface soil background 
concentration of 0 01 

Cesium- 134 

The cesium-134 analytical results from the subgrade samples are presented on Figure 
I1 3 1-52 The cesium-134 results are questionable, despite being validated, with zero and 
negative numbers reported. For nearly all results, the countmg error is greater than the reported 
result Cesium-134 was not measured m the background samples 

~ a cesium-137 

The cesium-137 analytical results from the subgrade samples are presented on Figure 
I1 3 1-53 The concentrations of  cesium-137 ranged from below the detection lunit to 0 415 
pCi/g None of  the samples analyzed exceeded the background concentration of  0 166 pCi/g , 

Gross Beta 

The gross beta analytical results from the subgrade samples are presented on Figure 
I1 3 1-54 The gross beta concentrations ranged from 23 5 to 51 5 pCdg The results from 
each of the SEPs were generally consistent with each other, and no notable trends were 
apparent The subsurface soil background concentration is 27 99 pCdg 

The pluton1um-239/241 analytical results from the subgrade samples are presented on 
Figure I1 3 1-55 Plutomu concentrations in the subgrade samples ranged from 0 02 to 19 8 
pCi/g All of  the samples were at or above the subsurface background soil concentration of  0 02 
pCi/g The plutomum subgrade sample concentrations from SEP 207-B North were higher than 
those from SEP 207-B Center and higher than all but one of the samples from SEP 207-A 
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The radium-226 analytxal results from the subgrade samples are presented on Figure 
II 3 1-56 As with 
other radionuclides, SEP 207-B North appears to show hlgher concentrations than the other two 
SEPs sampled All the samples analyzed exceeded the background subsurface soil concentration 
of 0 65 pCdg 

, The concentrations in the subgrade samples ranged from 1 1 to 10 76 pCi/g 

The strontium-89/90 analytical results from the subgrade samples are presented on Figure 
I1 3 1-57 The strontium concentrations ranged from below detection lmits to 1 094 pCi/g The 
highest strontium concentration occurred at location 46893 on the eastern side of SEP 207-B 
Center Five of the 12 samples analyzed exceeded the subsurface soil background concentration 
of 0 54 pcl/g 

Tntium 

The tntium analytical results from the subgrade samples are presented on Figure I1 3 1- 
58 Concentrations ranged from 2,044 to 50,300 picocunes per liter (pCi/L), and all detections 
exceeded the background subsurface soil concentration of 212 pCi/L Smilar to other 
radionuclides, tritium concentrations appear consistently higher beneath SEP 207-B North than 
the other two SEPs sampled 0 

, 
I Uramum-233/234 

The urmum-233/234 analytical results from the subgrade samples are presented on 
Figure I1 3 1-59 Uramum 233/234 concentrations ranged from 1 009 to 63 4 pCi/g, all of 
whch exceeded the subsurface soil background concentration of 0 53 pCi/g Uramum-233/234 
is generally higher beneath SEP 207-B North 

Uramum-235 

The uramum-235 analytical results from the subgrade samples are presented on Figure 
I1 3 1-60 Uramum 235 concentrations ranged from 0 04 to 1 69 pCi/g The subsurface soil 
background concentration for ura~um-235 is 0 1 pCdg, which was exceeded at seven of the 12 
locations sampled As with uramum-233/234, uramum-235 is generally higher beneath SEP 207- 
B North than the other two SEPs sampled 

Uramum-238 

The uramum-238 analytical results from the subgrade samples are presented on Figure 
I1 3 1-61 Uramum 238 concentrations ranged from 1 0 to 25 5 pCi/g, all of which exceeded 
the subsurface sail background concentration of 0 63 pCi/g The highest concentrations appear 
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to be present beneath SEP 207-B North, the northern and eastern portions of SEP 207-A, and 
beneath the northern side of SEP 207-B Center @ 

In summary, the subsurface PCOCs generally appear to be lugher in the subgrade 
samples beneath SEP 207-B North than the other two SEPs sampled, however, exceptions have 
been observed There is no consistent correlation between the subgrade analytical results and 
the h e r  analytlcal results For some elements, the subgrade analyses are higher than the 
associated liner analyses, and for some elements, the subgrade analyses are lower than the h e r  
analyses For example, amencium was not detected m any of the SEP 207-A liner samples, yet 
was detected in the subgrade Conversely, americium was detected in h e r  samples from SEP 
207-B Center at concentratlons approxunately an order of magrutude greater than the subgrade 
samples 

There does appear to be a correlation between observed breaches in the liner and 
subgrade analytical results Borehole 46693 in SEP 207-B North was located adjacent to a 
cobble pressed into the liner matenal Subgrade samples from this borehole consistently showed 
the hghest concentrations of the PCOCs compared to the other samples from each of the 
respective SEPs 

II.3.1.2.5 Drilling, Sampling, and Chemical Analysis 

This section bnefly descnbes observations made dumg drilling the boreholes through 
Section I1 3 5, Geologic Investigation Results, provides a detailed analysis of the 

Chemical analytical results from borehole 
the SEPs 
geology and subsurface conditions beneath OU4 

Analytical Results 

, 0 
I samples collected from beneath the SEPs are presented in Section I1 3 4, Subsurface Chemical 

The SEP borehole locations were placed at sites where breaches in the liners were 
observed m and at sites where the h e r  was mtact Boreholes 42193,43393,43693, and 46693 
were drilled in locations where the h e r  cracks were observed, and the remamng boreholes 
were dnlled where the h e r  appeared to remam mtact The borehole locations and identification 
numbers were previously shown on Figure I1 3 1-36 

The SEP 207-A boreholes were dnlled and sampled dunng March and April, 1993 The 
SEP 207-B boreholes were dnlled and sampled dunng November, 1993 Drilling and sampling 
the 207-B boreholes was difficult due to the presence of larger cobbles beneath SEP 207-A that 
prevented auger advancement Samples from these boreholes were collected by driving the 
sampler with the 140-pound hammer on the rig, and augers were only partially advanced in the 
boreholes Boreholes were advanced to depths ranglng from 7 9 to 31 3 feet below the pond 
bottoms The boreholes were abandoned after drillmg with the exception of boreholes 41593, 
42493 and 43693, which were completed as vadose zone momtoring locations (lysimeters) 
None of the SEP boreholes were completed as piezometers 
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A review of the borehole logs mdicated that subsurface soils consisted predommntly of 
sandy gravel with smaller amounts of sandy silt and clayey silt The gravel fraction was 
generally well graded and consisted of coarse-gramed, sub-angular to sub-rounded gray quartzite 
that ranged from 10 to 84 volume percent The sandy silt fraction consisted of fine-grained, 
sub-angular, quartz, whch ranged from 10 to 56 volume percent 

0 

Claystone bedrock was encountered at depths ranging from 5 0 to 10 0 feet below grade 
m the southern and eastern portion of SEP 207-A (Boreholes 42593,43393, and 43693), 5 5 to 
1 1  5 feet below grade m SEP 207-B Center, and 6 5 to 7 8 feet beneath SEP 207-B North The 
claystone bedrock is grayish brown to yellowish brown, very fine to fine-grained, is slightly 
friable, and contam thm honzontal bedding A subcropping urut of sandy siltstone and clayey 
sandstone was encountered m the northern and eastern portion of SEP 207-A (Boreholes 41593, 
42193, and 42493) Thls w t  consists predominantly of light gray to light yellowish brown, 
very fine to fine-gramed quartz with a silt and clay fraction that ranges from 53 to 83 volume 
percent There is abundant won oxide stamng and calxhe-filled vertical fractures with no 
visible beddmg A more detailed descnption of subsurface conditions is presented in Section 
I1 3 5, Geologic Investigation, whch also includes cross-sections that depict the geology beneath 
the SEPs 

Ground water is typically shallow beneath the SEPs Observations of ground water 
encountered durmg dnllmg the SEP 207-A boreholes are not available, however, these 
observations were made for the 207-B boreholes The presence of ground water dunng drilling 
is generally related to the relative permeabilities of subsurface units and is not typically 
indicative of static conditions The OU4 Phase 11 RFI/RI Work Plan provides a more detailed 
description of hydrogeologic conditions beneath the SEPs 

0 
Water was encountered durmg drillmg of borehole 46893 in SEP 207-B Center at 9 6 

feet No standmg water was observed dumg drillmg of borehole 46993, however, moist 
bedrock samples were collected below 5 5 feet Standmg water was encountered m borehole 
47093 at a depth of 6 feet Water was encountered duMg dnlling in SEP 207-B North only in 
borehole 46593 at 5 75 feet No standmg water was observed during the drilling of the other 
two boreholes 
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II.3.2 Surficial Soil Sampling Results 

The results of surficial soil sampllng actwities at OU4 are discussed in this section 
Results of surface radiological surveys are discussed in Section I1 3 2 l,OU4-Wide Radiological 
Surveys, and the analytical results of random, discrete, and borehole surficial soil samples are 
discussed m Section I1 3 2 2, Suficial Soil Samplmg and A ~ l y s i s  

11.3.2.1 OU4-Wide Radiological Survey Results 

The objective of the OU4-wide radiological survey was to determine if surficial soil 
contammation existed in the V I C I N ~  of the SEPs 

II.3.2.1.1 Alpha Radiological Survey Results 

OU4-wide alpha radiological surveys were not conducted due to instrument limitations 
The rationale for not completmg th~s task was provided in Techrucal Memorandum No 2 

II.3.2.1.2 BetdGamma Radiological Survey Results 

The OU4-wide gamma radiation survey results are listed in Table I1 3 2-1, and survey 
locations are shown on Figure I1 3 2-1 The FIDLER readings summarized in Table I1 3 2-1 
represent the 60-second gross scaler reading The FIDLER provides a value for area 
background specific to that day's meteorologic and site conditions The adjusted FIDLER 
measurement is simply the difference of the FIDLER scaler reading and the background e 

The statistically derived upper tolerance lmit was established as a basis for identification 
of potentially anomalous survey readings, and is a value statistically derived from the entire OU4 
sitewide survey of FIDLER measurements The upper tolerance h i t  was established using 
FIDLER data withm OU4 only, and is therefore only applicable to OU4 The value of 2,473 
counts per mlnute (cpm) was denved by calculatmg the mean cpm plus two standard deviations 
(Table I1 3 2-1) 

There were no obvious trends apparent m the OU4-wide gamma radiation survey other 
than m the vicmty of SEP 207-A, as shown on Figure I1 3 2-1 Three anomalous values were 
obtamed on the banks of SEP 207-A This is most llkely indicative of deposits resulting from 
splashmg and wind dispersion along the berms of the SEP 

The upper tolerance lmit was also used as the basis for recommending supplemental soil 
sample collection at surficial soil locations SS402793, SS402893, and SS402993, which 
correspond to radiologic survey locations T16, V20, and M21, respectively Locations B18, 
P16, R8, and R10 were also considered for further evaluation, but these locations were either 
covered with asphalt without a nearby exposed soil surface or were mediately adjacent to 
buildmgs that may have influenced readmgs All remamg FIDLER values for the sitewide 
survey were below the upper tolerance lmit and were not considered for further investigation 
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II.3.2.2 Surficial Soil Sampling and Analysis Results 

I Surficial soil samples were collected randomly at 26 locations in OU4 Ten discrete 
samples were also collected at locations with elevated radiological readmgs, at seeps, and 111 
areas where data gaps exist for the generation of the Baselme Rsk Assessment Surficial soil 
samples were also collected at all borehole locations to complement the surfkial soil program 
Figure I1 3 2-2 shows the location of surficial soil samples The 26 randomly collected suficial 
soil samples are designated SS400193 through SS402693 The ten discrete surficial samples are 
designated with sample identification numbers SS402793 through SS403693 The borehole 
suficial soil sample numbers are designated with the borehole location identification The 
rationale for locatmg the random and discrete surficial soil samples, and the sample collection 
methodology were presented in Section I1 2 4 2 Subgrade samples collected from boreholes 
drilled beneath the lmer in SEPs 207-A, 207-B North, and 207-B Center are not included in this 
suficial soils discussion They were presented previously in Section I1 3 1 1 

Surfkial soil samples were analyzed for the TAL metals, mtrate, radionuclides, TCL 
semivolatile orgmc compounds, pesticides, and PCBs Appendix I1 0 presents a complete list 
of the analytical results for all chemicals analyzed As previously noted, statistical methods 
were used to screen the data and determine the PCOCs for surficial soil samples at OU4, which 
are listed m Table I1 3 2-2 and discussed further in this section Of the PCOCs listed in Table 
I1 3 2-2, calcium, silicon, and sodium were not mapped and will not be discussed because they 
are common rock-formmg elements and are not lkeiy to be present as a result of waste disposal 0 activities at the S E P ~  

The suficial soil analytical results were compared to background surficial soil samples 
collected from the Rock Creek area in the WETS buffer zone for the OU1 and OU2 Remedial 
Investigations Table I1 3 2-3 provides a data summary of the OU4 surficial soil PCOCs This 
summary includes the numbers of samples collected, the number of detections of each PCOC, 
the ranges of the detections, and numbers and percentages of the detections that exceeded 
background 

II.3.2.2.1 Non-Radiological Inorganic Potential Contaminants of Concern 

This section presents the results of the analyses for the non-radiological PCOCs, 
beryllium, cadmium, mercury, mtrate, and silver For the most part, the highest concentrations 
for each of the respective PCOCs occurs in the immediate vicimty of the SEPs, with the 
exception of mtrate Nitrate appears most elevated in the vicimty of the ground water seeps 
located north of SEPs 207-A and 207-C The analytical results are presented in tabular format 
in Table I1 3 2-4 and graphically on Figures I1 3 2-3 through I1 3 2-7 The figures show all 
analytical results above background in red for clarity The following are discussions of each of 
the PCOCs 
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Beryllium ranged from below detection limit to 9 6 milligrams per lulogram (mg/kg) 
As shown on Figure I1 3 2-3, the highest beryllium concentration was detected in sample 
SS402893, near the northeastern corner of SEP 207-A Elevated beryllium was also observed 
in sample SS403093, located in a seep between and north of SEP 207-A and SEP 207-B-North, 
near the 207-B dram tile discharge (which is discussed in more detail in Section I1 4, Nature and 
Extent of Contamination) The only other beryllium concentrations above detection lmit were 
from samples in the m e d i a t e  vicmity of SEP 207-A, and one sample from borehole 41793 
located immediately east of SEP 207-B-North Beryllium was detected m 11 of the 72 (15 
percent) surficial soil samples analyzed above background It is noted, however, that the 
calculated background concentration of 0 92 mg/kg IS less than the contract-required detection 
lmit (CRDL) for beryllium 

Cadmium 

Figure 11 3 2-4 shows the results of the suficial soil cadmium analyses Cadmium 
ranged from below detection lmit to 382 mg/kg and was detected in 37 of the 72 samples 
analyzed (51 percent) As with beryllium, all the detections of cadmium are above background 
smce the calculated background value of 0 64 mg/kg is below the CRDL for cadmium The 
highest concentration (382 mg/kg) was detected near a drainage tile seep between and north of 
SEPs 207-A and 207-B North Other elevated cadmium concentrations were detected near the 
western, eastern, and northeastern berms of SEP 207-A (Samples SS402793, SS400593, and 
SS4002893, respectively) The locations where cadmium was not detected are generally the 
sampling locations that are distal from the SEPs, such as in the buffer zone 

Mercurv 

Mercury concentrations ranged from below detection lunit to 1 8 mg/kg as shown on 
Figure I1 3 2-5 Twenty of the 72 samples analyzed (26 percent) contained mercury above 
detection lmits The highest concentration occurred 111 suficial soil sample SS402793, on the 
western pemeter of SEP 207-A Coincidentally, the second highest cadmium concentration in 
OU4 was also detected in this sample Other concentrations of mercury above detection lrmits 
were located in the m e d i a t e  vicimty of the SEPs, and sporadically in the ITS area outside the 
PA These detections also are above background since the calculated background concentration 
for mercury of 0 03 mg/kg is below the CRDL for mercury 

Nitrate/Nitnte 

Nitrate/Nitrite was detected above the detection limit in all surfkial soil samples 
analyzed The distribution of mtrate/nitrite is shown on Figure I1 3 2-6 The highest 
concentrations occurred in samples located in the seep areas north of SEP 207-A and SEP 207- 
C The four discrete samples collected to investigate seep areas were found to contain some of 
the highest nitrate/mtrite concentrations within OU4 surficial soils and ranged from 
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~ a approxmtely 250 mg/kg to 765 mg/kg Soil samples collected m the m e d i a t e  SEP vicuuty 
were much lower m concentration, generally between 10 and 100 mg/kg Nitrate/mtrite was 
detected above 10 mg/kg m approximately 29 percent of the samples, and above 100 mg/kg m 
approxmtely 10 percent of samples analyzed Of the 72 samples analyzed, 67 (93 percent) 
exceeded the calculated background concentration of 1 11 mg/kg 

Silver 

Silver was detected in five of the 72 samples analyzed (7 percent), as shown on Figure 
I1 3 2-7 Each of these detections exceeded the calculated background concentration of 0 58 
mg/kg, smce the background concentration is below the CRDL for silver The five detections 
all occur on the berms of the SEPs as shown on Figure I1 3 2-7 

In summary, the highest concentrations of the non-radiological inorgamc PCOCs 
generally occur in the m e d i a t e  vicmty of the SEPs, predommntly on the berms Detections 
are also observed m the seep area north of the SEPs and at the dramge tile outfall between 
SEPs 207-A and 207-B North The hghest mtrate concentrations occur in the seep areas north 
of the SEPs Section I1 4 provides greater detail regarding the extent of these PCOCs at OU4 

II.3.2.2.2 Radionuclide Potential Contaminants of Concern 

This section presents the results of the surficial soil radionuclide analyses The analytical 
results are tabulated in Table I1 3 2-5 and are presented graphically on Figures I1 3 2-8 through 
I1 3 2-15 All results above background are indicated in red on the figures ' 0 
Americium-24 1 

The surficial soil americium-241 analytical results are presented on Figure I1 3 2-8 
Amencium was detected m 69 of the 71 samples analyzed (two results were rejected), all of 
whch exceeded the calculated background for americium of 0 027 pCi/g The amencium 
concentrations ranged from 0 028 to 220 pCdg The highest concentrations occur in the 
m e d i a t e  vicmty of the SEPs on the berms Section I1 4, Nature and Extent of Contamination, 
discusses the dlstnbution of amencium m greater detail 

Cesium-134 

Cesium-134 was analyzed in only 27 samples and was detected in 22 of the 27 (81 
percent) The results are presented on Figure I1 3 2-9 and Table I1 3 2-5 Cesium 
concentrations ranged from -0 067 to 0 0319 pCi/g Negative results are not unusual for 
radionuclide analyses and indicate that the result is less than background at the laboratory 
malung the measurements No background measurements of cesium-134 were made at the 
WETS, and thus all the detections are shown in red on Figure I1 3 2-9 No discernable 
distnbution of cesium-134 is apparent on Figure 11 3 2-9 
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Gross Alpha 

Figure I1 3 2-10 shows the results of surfkial soil gross alpha analyses, which are also 
listed in Table I1 3 2-5 Gross alpha was detected in 65 of the 72 samples analyzed (90%), and 
31 of the 72 samples (43 percent) exceeded the calculated background value of 22 9 pCdg The 
highest gross alpha measurements were made of samples from the berm between SEP 207-A and 
the 207-B SEPs, and from the seep areas north of the SEPs 

Plutonium-239/240 

Figure I1 3 2-1 1 shows the results of sufiicial soil plutomum-239/240 analyses, which are 
also listed 111 Table I1 3 2-5 Plutomum was detected in 60 of the 71 samples analyzed (85 
percent - 11 samples were rejected) The calculated background concentration of 0 062 pCi/g 
was exceeded in 52 of the 71 (73 percent) of the samples analyzed Plutomum concentrations 
in surficial soils ranged from 0 01 to 56 pCi/g The highest concentrations occur in the 
m e d i a t e  vicuuty of the SEPs on the berms and just north of SEPs 207-A and 207-B North 
where the dram tile exits 

Tritium 

Figure I1 3 2-12 shows the results of sufiicial soil tntium analyses, which are also listed 
in Table I1 3 2-5 Tritium was detected in 47 of the 72 sampies analyzed (65 percent) Tritium 
concentrations in surficial soils ranged from -59 5 tp 227,000 pCi/L The highest concentrations 
occur in the seep area north of the SEPs and in the buffer zone overlying the ITS 0 
Uramum-233/234 

Figure I1 3 2-13 shows the results of surficial soil uramum-233/234 analyses, whch are 
also listed in Table I1 3 2-5 Umum-233/234 was detected in all of the samples analyzed, 
however, it was detected above the calculated background level of 1 22 pCi/g in only 38 of the 
72 (53 percent) samples analyzed Uramurn-233/234 concentrations in sufiicial soils ranged 
from 0 457 to 41 pCdg The hlghest concentrations occur in the vicimty of the SEPs and just 
north of SEPs 207-A and 207-B North where the drain tile exits 

Uranium-235 

Figure I1 3 2-14 shows the results of surfkial soil uramum-235 analyses, which are also 
listed in Table 11 3 2-5 Uramum-235 was detected in 63 of the 72 (88 percent) of the samples 
analyzed, however, it was detected above the calculated background level of 0 09 pCi/g in only 
26 of the 72 (36 percent) samples analyzed Uramum-235 concentrations in surficial soils 
ranged from 0 0191 to 2 3 pCdg The lughest concentration occurs just north of SEPs 207-A 
and 207-B North where the drain tile exits 

29 WDf 

I1 3-26 
I 

February 10 1995 I 
OU4 Proposed IMlIRA EA Decision Document 



I @ Uramum-238 

Figure I1 3 2-15 shows the results of surficial soil uran~um-238 analyses, whlch are also 
listed in Table I1 3 2-5 Uran~um-238 was detected in all of the samples analyzed, however, it 
was detected above the calculated background level of 1 27 pCi/g 111 only 31 of the 72 (43 
percent) samples analyzed Uranium-238 concentrations in surficial soils ranged from 0 515 to 
27 pCi/g The highest concentrations occur just north of SEPs 207-A and 207-B North where 
the drain tile exits, in the seep areas below that point, and 111 the m e d i a t e  vicimty of the SEPs 

In summary, the radionuclide PCOCs are broadly distnbuted in OU4 at concentrations 
that exceed their respective background concentrations In general, the highest concentrations 
are found on the berms of the SEPs and in the seep area on the hillside north of the SEPs 
Section I1 4 provides a more detailed description of thelr nature and extent 

11.3.2.2.3 Organic Compounds 

Table I1 3 2-6 provides a summary of the orgmc PCOC detections including estunated 
values that lie below the Contract Required Quantitation Lunit (CRQL) and the instrument 
detection lunit (those qualified with a "J") Non-detectable results are not listed in Table I1 3 2- 
6, however, all results are presented in Appendix I1 0 The organic PCOC results (including 
non-detects) are also presented on Figures I1 3 2-16 through I1 3 2-28 Estunated values are 
qualified and are shown in the figures in  black Detections that are above the CRQL are shown 
in red 

Benzo(a)anthracene 

The surficial soil analytical results for benzo(a)anthracene are presented on Figure I1 3 2- 
16 and in Table I1 3 2-6 Of the 72 samples analyzed, 47 samples (65 percent) had detectable 
concentrations, includmg estunated values Only 6 of 47 detections were above the CRQL, the 
remamder were estunated concentrations that lie below the CRQL, but above the instrument 
detection lmit Of the SIX detections above the CRQL, only two lie in OU4, as shown on 
Figure 11 3 2-16 These occur m the northwestem panhandle adjacent to the PSZ and on the 
berm near the southwestern corner of SEP 207-A 

The surficial soil analytical results for benzo(a)pyrene are presented on Figure I1 3 2-17 
and in Table I1 3 2-6 Of the 72 samples analyzed, 51 samples (71 percent) had detectable 
concentrations including estunated values Only 8 of 51 detections were above the CRQL, the 
remainder were estunated concentrations that lie below the CRQL, but above the instrument 
detection lmit Of the eight detections above the CRQL, only four lie in OU4, as shown on 
Figure I1 3 2-16 These occur in the northwestern panhandle adjacent to the PSZ, on the berm 
near the southwestern comer of SEP 207-A, and in the seep area north of SEP 207-C 
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Benzo(b)fluoranthene 

The surficial soil analytical results for benzo(b)fluoranthene are presented on Figure 
I1 3 2-18 and m Table 11 3 2-6 Of the 72 samples analyzed, 57 samples (79 percent) had 
detectable concentrations including estunated values Thuteen of the 57 detecbons were above 
the CRQL, the remamder were estrmated concentrations that lie below the CRQL, but above the 
instrument detection lmit Of the 13 detections above the CRQL, rune lie 111 OU4, as shown 
on Figure I1 3 2-18 These occur in the northwestern panhandle adjacent to the PSZ, on the 
berm near the southwestern comer of SEP 207-A, on the western and northern berms of SEP 
207-C, and in the seep area north of SEP 207-C 
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1 Benzokhibervlene 
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I The suficial soil analytical results for benzo(gh)perylene are presented on Figure I1 3 2- 
19 and in Table I1 3 2-6 Of the 72 samples analyzed, 37 samples (51 percent) had detectable 
concentrations including estunated values Only four of the 37 detections were above the 
CRQL, the remamder were estunated concentrations that lie below the CRQL, but above the 
instrument detection lunit Of the four detecoons above the CRQL, only one lies in OU4, as 
shown on Figure I1 3 2-19 It occurs in the northwestern panhandle adjacent to the PSZ 
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The surficial soil analytical results for benzo(k)fluoranthene are presented on Figure 
I1 3 2-20 and in Table I1 3 2-6 Of the 72 samples analyzed, 58 samples (81 percent) had 
detectable concentrations :ncluding estunated values Only 12 of 58 detections were above the 
CRQL, the remainder were estmated concentrations that lie below the CRQL, but above the 
instrument detection lmit Of the 12 detections above the CRQL, seven lie in OU4, as shown 
on Figure I1 3 2-20 These occur in the northwestern panhandle adjacent to the PSZ, on the 
berms near the northern edge and the southwestern comer of SEP 207-C, on the berm at the 
northwestem comer of SEP 207-A, and in the seep area north of SEP 207-C 

The surficial soil analytical results for bis(2-ethylhexy1)phthalate are presented on Figure 
I1 3 2-21 and 111 Table I1 3 2-6 Of the 72 samples analyzed, 57 samples (79 percent) had 
detectable concentrations including estunated values Eleven of the 57 detections were above 
the CRQL, the remainder were estunated concentrations that lie below the CRQL, but above the 
instrument detection lunit Of the 11 detections above the CRQL, only four lie in OU4, as 
shown on Figure I1 3 2-21 These occur at the dramge tile outfall just north of SEPs 207-A 
and 207-B North, in the seep area north of that location, and off the northeastern comer of SEP 
207-B North 
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The surficial soil analytical results for chrysene are presented on Figure 11 3 2-22 and m 
Table I1 3 2-6 Of the 72 samples analyzed, 49 samples (68 percent) had detectable 
concentrations includmg estunated values Only eight of the 49 detechons were above the 
CRQL, the remainder were estunated concentrations that lie below the CRQL, but above the 
instrument detection llrmt Of the eight detections above the CRQL, only four lie m OU4, as 
shown on Figure 11 3 2-22 These occur in the northwestern panhandle adjacent to the PSZ, in 
the seep area north of SEP 207-C, and on the berm near the southwestern comer of SEP 207-A 

Di-n-butyl Dhthalate 

The surficial soil analytical results for di-n-butyl phthalate are presented on Figure I1 3 2- 
23 and in Table I1 3 2-6 Of the 72 samples analyzed, 30 samples (42 percent) had detectable 
concentrations including estunated values Only four of the 30 detechons were above the 
CRQL, the remainder were estunated concentrations that lie below the CRQL, but above the 
instrument detection lunit Of the four detections above the CRQL, two lie in OU4, as shown 
on Figure I1 3 2-23 These occur near the southwestern comer of SEP 207-A 

Fluoranthene 

The surficial soil analytical results for fluoranthene are presented on Figure I1 3 2-24 and 
in Table I1 3 2-6 Of the 72 samples analyzed, 59 samples (82 percent) had detectable 
concentrations including estunated values Thlrteen of the 59 detections were above the CRQL, 
the remainder were estunated concentrations that lie below the CRQL, but above the instrument 
detection lunit Of the 13 detections above the CRQL, m e  lie in OU4, as shown on Figure 
I1 3 2-24 These occur in the northwestem panhandle adjacent to the PSZ, on the berm near the 
southwestern comer of SEP 207-A, on the western and northern berms of SEP 207-C, and in 
the seep area north of SEP 207-C 

Indene( 1.2.3-cd)~vrene 

The surficial soil analytical results for meno( 1,2,3-~d)pyrene are presented on Figure 
I1 3 2-25 and in Table I1 3 2-6 Of the 72 samples analyzed, 42 samples (58 percent) had 
detectable concentrations including estlmated values Only four of the 42 detections were above 
the CRQL, the remainder were estunated concentrations that lie below the CRQL, but above the 
instrument detection lunit Of the four detections above the CRQL, only one lies in OU4, as 
shown on Figure I1 3 2-25 It occurs in the northwestern panhandle adjacent to the PSZ 

Phenanthrene 

The suficial soil analytical results for phenanthrene are presented on Figure I1 3 2-26 
and in Table I1 3 2-6 Of the 72 samples analyzed, 31 samples (43 percent) had detectable 
concentrations including estimated values Eleven of the 31 detections were above the CRQL, 
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0 the remamder were estmated concentrabons that lie below the CRQL, but above the mtnunent 
detection lmit Of the 11 detectxons above the CRQL, seven lie m OU4, as shown on Figure 
I1 3 2-26 These occur m the northwestern panhandle adjacent to the PSZ, 111 the seep area 
north of SEP 207-C, and on the berms near the southwestern corner of SEP 207-A and north 
side of SEP 207-C 

Pvrene 

The surficial soil analytical results for pyrene are presented on Figure I1 3 2-27 and ln 
Table I1 3 2-6 Of the 72 samples analyzed, 59 samples (82 percent) had detectable 
concentrations includmg estmted values Fourteen of the 59 detections were above the CRQL, 
the remamder were estmated concentrations that lie below the CRQL, but above the instrument 
detection Imit Of the 14 detecQons above the CRQL, 10 lie in OU4, as shown on Figure 
I1 3 2-27 These occur 111 the northwestern panhandle adjacent to the PSZ, in the seep area 
north of SEP 207-C, and on the berms near the southwestern and northeastern comers of SEP 
207-A and western and northern berms of SEP 207-C 

Aroclor-1254 

The surficial soil analytical results for the PCB Aroclor-1254 are presented on Figure 
I1 3 2-28 and 111 Table I1 3 2-6 Of the 72 samples analyzed, only SIX samples (8 percent) had 
detectable concentrations All of the detections were above the CRQL Of the six detections 
above the CRQL, only two lie 111 OU4, as shown on Figure I1 3 2-28 These occur at the 
southern berm of SEP 207-A and adjacent to the eastern berm of SEP 207-B Center @ 

In summary, the orgmc PCOCs detected in the surfha1 soils at OU4 have a very llmited 
distnution For the most part, they typically occur together at only a few locations 111 the 
northwestern panhandle adjacent to the PSZ, 111 the seep area north of SEP 207-C, and on the 
berms near the southwestern comer of SEP 207-A and western and northern berms of SEP 207- 
C Other sporadic locations lnclude samples Immediately south of SEP 207-A, the drainage tile 
discharge north of SEP 207-A and 207-B North, and the eastern side of SEP 207-B Center The 
nature and extent of these orgamc PCOCs are discussed ln greater detail in Section I1 4 
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@ II.3.3 
I 

VADOSE ZONE INVESTIGATION RESULTS 

Thrs section presents the results of the vadose zone mveshgation The vadose zone 
mvestigation was conducted to charactem the physical and chemical properties of the vadose 
zone geologic matenals and pore waters, to evaluate the distnbution of contaminants in the 
vadose zone, and to charactenze vadose zone migraoon pathways and flow system Samples 
were gathered on a random basis from boreholes withm suspected migration pathways and are 
believed to be representative sampling of both alluvium and bedrock matenals Section I1 2 5 
descnbes the data collecoon procedures Data gathered dumg this mvestigation also facilitated 
selection of equipment for closure and post-closure momtonng Physical and chemical 
properties of the vadose zone geologic materials and pore waters were determined by field and 
laboratory methods Measurement of some of these propemes allowed determination of 
parameters that control contaminant flow and transport m the vadose zone beneath the OU4 

11.3.3.1 Definition of the Vadose Zone 

The vadose zone is defmed m this report as the subsurface interval between the ground 
surface and the uppermost ground water table where pore water is at less than atmospheric 
pressure The vadose zone mcludes geologic matenals consisting of the Rocky Flats Alluvium 
(RFA), colluvium, valley fill alluvium, disturbed matenals, and artificial fill matenals which are 
collectively referred to as RFA and associated soils Bedrock strata of the Arapahoe Formation 
may also be included in the vadose zone where the water table is below the top of bedrock 
Because the ground water table fluctuates seasonally, the thlckness of the vadose zone also varies 
seasonally The thickness of the vadose zone is least in the spring when the ground water table 
is at its hghest elevation The greatest thickness of the vadose zone is during the late summer 
and fall when ground water levels are at thelr lowest elevation The vadose zone varies in 
tt.llckness from about zero at seep locations on the north hill slope to about 20 feet in the area 
of the ITS A complete descnption of the vadose zone is contained within Section I1 3 3 3 

@ 

II.3.3.2 Laboratory-Determined Physical Properties of the Vadose Zone 

Laboratory-determmed physical and hydraulic properties of vadose zone soils and bedrock 
lithologies were determmed by D B Stephens and Associates (DBS) of Albuquerque, New 
Mexico Twenty-five undisturbed core samples ("physical property samples") were selected 
from 14 vadose zone borings dnlled for the installation of lysuneters and neutron probe access 
tubes These core samples were collected durmg the late winter and early sprmg of 1993 
Fourteen additional core samples were selected from five bormgs drilled in SEPs 207-B North 
and 207-B Center during November 1993 ("B-pond samples") These samples were only 
analyzed for gravmetric moisture content by IT Corporation's laboratory in St Louis, Missouri 
The physical property samples and the B series SEPs samples are listed in Table I1 3 3-1, while 
Figure I1 3 3-1 shows the location of these samples Eight RFA soil and three bedrock lithology 
types comprise the physical property samples Three RFA soil and one bedrock lithology type 
comprise the B Series SEP samples 

b3 

29 wpf 
11 3-31 

OU4 Proposed IM/IRA EA Decision Document 
February 10 1995 



The laboratory tests performed and methods used are listed m Table I1 3 3-2 Laboratory 
methods mcluded procedures developed by the Amencan Society of Testing and Materials 
(ASTM), EPA, and the Amerrcan Society of Agronomy (Methods of Soil Analysis [MOSA], 
Klute, 1986) The laboratory data and methods are presented in Appenduc I1 P 

1 @ 

II.3.3.2.1 Moisture Content 

The relative wetness of soil or rock is usually expressed in terms of volumetric or 
gravmetnc moisture content. Volumetnc moisture content is the ratio of the volume of water 
withm a soil or rock to the total matenal volume Volumetric moisture content, at any degree 
of saturation, represents the depth of water per umt depth of soil (Hillel, 1982) Volumetric 
moisture content is expressed in volume percent (percent, cm3/cm3) Gravimetric moisture 
content is the ratio of the mass of water withm the soil or rock to the mass of the dry soil or 
rock Gravunetric moisture content is expressed m weight percent (percent, g/g) Imtial 
volumetnc and gravunetnc moisture content is a measure of the in situ soil moisture content at 
the tune of sample collechon Saturated moisture content is the moisture content of a sample 
fully saturated at the laboratory Imtial and saturated moisture contents were determmed using 
ASTM Method D2216-92. 

The relatwe wetness of a soil or rock is largely influenced by the fractional percentage 
of coarse and fine pmcle  sues Geologic materials with larger percentages of fine particle 
fractions generally have hgher porosities and moisture contents (high "moisture-holding 
capacity" soils) Generally, soils composed of coarser particle fractions have larger voids and 
lower porosity, both attnbutes that mimmlze the quantity of water in the soil under both 
saturated and unsaturated conditions (low "moisture-holding capacity" soils) Within the vadose 
zone, soils composed of predominantly coarse particles are typically much drier than fine-grained 
soils at the same matric potential ("soil suction") 

@ 

Molsture-holdmg capacity m geologic matenals is also mfluenced by the type of clay 
mineral Some clays have expandable lattices that allow for sigmficant absorption of water 
w i W  the double layer of a clay platelet The double layer slze depends upon the surface 
charge density of the clay, the cation valence and iomc radius, and the concentrations of cations 
in the surroundmg pore water Dumg saturation, the double layer is extended and the clay 
platelets swell, affectmg the companson of calculated porosity and saturated volumetnc moisture 
content Here the calculated porosity is computed from particle and dry bulk density, while 
saturated moisture content is determmed analytically 

Initial Gravimetric Moisture Content 

Imtial volumetrrc and gravunetric moisture contents determined for physical property 
samples are presented in Table I1 3 3-3 The physical property samples consist of 16 RFA and 
associated soils and mne bedrock cores Also listed in Table I1 3 3-3 are the imtial gravimetric 
moisture contents determined for the 13 RFA and associated soils and one bedrock core samples 
collected from beneath the B Series SEPs Samples collected from beneath the B Series SEPs 
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, @ may have lower mbal moisture contents because these samples were collected during the fall 
when the vadose zone IS hcker  

Imhal gravunetnc moisture content for the 29 RFA and associated soils ranged between 
2 1 and 24 6 percent and averaged 12 1 f 5  2 percent (f represents standard deviation) The 
m i m u m  mtial gravmemc moisture contents (3 3 and 2 1 percent) were measured in boreholes 
43193 (sample BH40600AE) and 44393 (sample BH40405AE) The relative wetness of these 
samples is lunited because they are composed of about 96 and 62 percent coarse-grained 
particles, respectively The maxunum mtial gravunetnc water content (24 6 percent) was 
observed at borehole 44093 (sample BH40407AE) This sample has a high moisture-holding 
capacity because it is composed of about 65 percent fine-grained particles and has a porosity of 
about 46 percent 

The imtial gravmemc moisture contents for the rune bedrock siltstone and claystone 
samples ranged between 15 5 and 25 1 percent and averaged 20 453  3 percent The m m u m  
uutial gravunetnc moisture content is from a siltstone collected between 12 0 and 12 7 feet 
below ground surface (ft bgs) at borehole 44393 (sample BH40406AE) The maximum mtial 
gravunetnc moisture content of 25 1 percent was measured in a sample collected between 10 3 
and 1 1  0 ft bgs at borehole 40393 (sample BH40404AE) This sample was collected within the 
saturated zone near the ITS The only bedrock sandstone sample analyzed had an initial 
gravunetric moisture content of 1 1  0 percent ThIs sample was collected between 10 0 and 10 8 
ft bgs at borehole 40993 (sample BH40609AE) 

Figure I1 3 3-2 is a graph of imtial gravunetric moisture content versus depth below 
ground surface (bgs) In the RFA and associated soils, imtial gravimetric moisture content 
vanes to a depth of about 10 ft bgs ThIs is apparent because of the range of moisture contents 
observed over these depths Although there are lmited data for the deeper RFA and associated 
soils, there may be a slight general increase in moisture content with depth below 10 feet 

a 

Soils with higher clay contents generally have higher moisture-holding capacity than 
sandy soils Figure I1 3 3-3 is a graph of clay content versus imtial gravunetric moisture 
content Thls figure shows an apparent boundary at approxmately 40 percent clay content for 
RFA and associated soils Core samples with less than 40 percent clay are representative of the 
RFA, whereas core samples contamng greater than about 40 percent clay are representative of 
bedrock siltstone and claystone lithologies Because of the higher clay content, the bedrock 
lithologies generally have a hlgher mtial and saturated gravmetric moisture content than the 
RFA and associated soils 

Several of the samples shown on Figure I1 3 3-3 are labeled because they show umque 
physical properties Sample BH40401AE (borehole 40593) was collected from between 20 3 
and 21 0 ft bgs and was assigned to the RFA and associated soils Contaimng 55 percent clay 
content, this sample plots above the apparent 40 percent clay content boundary and within the 
bedrock lithologies on Figure I1 3 3-3 A bedrock sandstone sample collected between 10 0 and 
10 8 ft bgs at borehole 40993 (sample BH40609AE) plots within the area of the RFA and 
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0 associated soils because the sample contains 15 percent clay content However, the gravunetnc 
moisture content of thrs bedrock sandstone sample is approxrmately 8 percent wetter than other 
sandy soils (samples BH40405AE and BH40600AE) 

Initial Volumetric Moisture Content 

For the physical property samples consisting of  16 RFA and associated soils and nme 
bedrock cores, imtial volumetnc moisture content was calculated from the imtial gravunetnc 
moisture content and the dry bulk density of the sample using ASTM Method D2216-90 Imtial 
volumetric moisture content (ev, percent cubic centmeter per cubic centmeter [percent, 
cm3/cm3 J is calculated using the following volumetnc-gravimetric moisture equation 

where w is gravunetnc moisture content (percent gram per gram [percent, glgl), Pb is the dry 
bulk density (grams per cubic centmeter [glcm’)]), and pw is density of water (assumed to be 1 0 
g/cm3) 

For the 13 RFA and associated soils and the one bedrock samples obtained from beneath 
SEPs 207-B North and 207-B Center, the imtial gravunetric moisture content was converted to 
volumetrrc moisture content using a statistical correlation between dry bulk density and imtial 
gravmetnc moisture content (a = -39 32*pb+82 24, - see Section I1 3 3 2 3 and Figure I1 3 3- 
7) and the above volumetnc-gravmetnc moisture equation Excluding the driest soil samples, 
a correlation coefficient of  0 84 was obtained Imtial volumetric moisture contents are presented 
in Table I1 3 3-3 

a 
Imtial volumetric moisture content for surface and RFA and associated soils ranged 

between 3 7 and 35 6 percent and averaged 20 7&7 5 percent The imtial volumetric moisture 
content for the bedrock siltstone and claystone samples ranged between 26 9 and 39 3 percent 
and averaged 33 lf4 0 percent The sandstone sample (borehole 40993) has a volumetric 
moisture content of  19 4 percent The m i m u m  and maxmum imtial volumetric moisture 
contents were measured for the same samples as the uutial gravunetnc moisture content 

Figure I1 3 3-4 shows imtial volumetric moisture content versus coarse (gravel + sand) 
soil particle fraction Slmilar to Figure I1 3 3-3, this figure shows that the RFA and associated 
soils and bedrock lithologies occur as two distinct groups RFA and associated soils generally 
have more than 30 percent coarse particle fraction, whereas the bedrock lithologies have less 
than 10 percent coarse particle fraction Exceptions are soil sample BH40401AE (borehole 
40593), a possible colluvial claystone because the log description for that cored interval includes 
a trace of  rounded gravel and plant roots, and bedrock sandstone sample BH40609AE (borehole 
40993), with more than 50 percent coarse particle fraction 

Several samples are labeled on Figure I1 3 3-4 because they exhibit unique physical 
properties Sample BH40608AE, collected from borehole 40993 north of  SEP 207-C between 

29 wpf OW4 Proposed IMlIRA EA Decision Document 
I1 3-34 February 10 1995 



4 0 and 4 7 ft bgs, exhibited an imtial volumemc moisture content of 12 6 percent 
Approxmately 82 percent of thus sample is composed of sand and gravel This sample was 
collected from a slmilar depth as samples BH40600AE and BH40405AE (borehole 43193 and 
44393, respectively) but is approxmately three to four tunes wetter volumetncally 

' 
Sample BH40401AE was collected from a depth between 20 3 and 21 0 ft bgs in borehole 

40593 The soil contains about 98 percent fine-grained fraction but has an imtial volumetric 
moisture content of 33 9 percent which is more moist than other similar textured samples 
(BH40406AE, BH40603AE, and BH40610AE) This sample is located withm the ITS area and 
slightly above the water table 

Sample BH40407AE, collected from borehole 44093 from a depth between 4 0 and 4 5 
ft bgs, has a imtial volumetnc moisture content of 24 6 percent and a coarse grain fraction of 
35 percent This sample has a finer-grained texture than the other RFA soil samples and is close 
to the apparent 30 percent coarse-fraction boundary for RFA and associated soils 

Adjustment of Initial Volumetric Moisture Content 

In general, withm the vadose zone, water movement occurs within the fine-gramed soils 
because of the smaller soil capillanes Moisture movement only occurs between the coarser 
fragments at higher moisture contents Reinhart (1961) and Mehuys and others (1975) suggest 
that the presence of appreciable coarse soil particles, greater than 2 millmeters (mm) in 
diameter, may introduce emor in moisture content and unsaturated hydraulic conductivity 
determinations Because the RFA and associated soils commonly contain particle sizes greater 
than 2 mm, adjustment of the initial volumetric moisture contents using Reinhart's (1961) 
method was conducted to allow comparison of the laboratory-calculated volumetric moisture 
contents and calculated unsaturated hydraulic conductivities 

I 

0 
I 

I 

I 

The imtial volumetnc moisture contents were adjusted using the following formula 

where Of represents the adjusted mtial volumetric moisture content (percent, cm3/cm3), 8, is the 
imtial volumetnc moisture content (percent, cm3/cm3), W is the fractional weight of the minus 
2 mm fraction (g/g), Pb is the dry bulk density (g/cm3), and ps is the particle density (g/cm3) 

Table I1 3 3-4 shows the results of the imtial volumetric moisture content adjustments 
The adjustment generally increased the imtial volumetric moisture content in RFA and associated 
soils an average of 44 percent Fine-gramed bedrock lithologies exhibited essentially no change 
in corrected moisture content because of the lack of a coarse-fraction component Coarse- 
textured samples exhibited the largest increase in adjusted moisture content Sample 
BH40612AE showed the largest moisture content difference changing from 17 9 to 3 1 4 percent 
Figure I1 3 3-5 shows the correlation between the imtial and adjusted volumetric moisture 
contents for both the physical property samples and the B-pond samples These figures indicate 
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that the ilutial moisture content of the f m e - g r a d  soils and bedrock lithologies (less than 10 
percent coarse fraction) did not change However, sigmficant mreases ~II moa1 moisture 
content are noted for most of the RFA and associated soil samples 

@ 
Saturated Moisture Content 

Saturated volumetric moisture content was determined in the laboratory using ASTM Method 
D2216-90 by fully saturating the dry soil sample with water The weight of the saturated soil 
sample was measured and the saturated moisture content calculated In general, the volumetnc 
moisture content at saturation ranges between 25 and 40 percent for sandy soils and ranges up 
to 60 percent for clayey soils (Hillel, 1982) 

Saturated volumetnc moisture content for the RFA and associated soils ranged between 
24 4 and 53 5 percent and averaged 36 lk7 6 percent The m i m u m  saturated volumetnc 
moisture content of 24 4 percent was determined for sample BH40600AE This sample was 
collected from borehole 43193 at a depth between 4 0 and 4 7 ft  bgs and is composed of about 
62 percent gravel and sand The maxunum saturated moisture content of 53 5 percent was 
determined for sample BH40611AE Thls sample was collected from borehole 42893 at a depth 
between 3 0 and 3 7 ft  bgs m the Ongml Pond area Thts soil is composed of approxunately 
60 percent gravel and sand with 35 percent clay fraction Atterberg tests revealed that sample 
BH40611AE is charactenzed by a hgh liquid h i t  of 107 and a high plasticity index of 74 
These Atterberg results suggest an absorptive clay mineral composition The physical properties 
of the Original Pond sample suggest that at least the clay fraction is probably representative of 
non-native fill matenal In contrast, sample BH40600AE contains 18 percent clay particles with 
a liquid lmit of 30 and a plasticity index of 10 

0 
Saturated volumetnc moisture content for the bedrock samples ranged between 36 3 and 

51 2 percent and averaged 43 4f4 8 percent The m m u m  saturated volumetric moisture 
content of 36 3 percent was determmed for a bedrock sandstone sample (BH40609AE) collected 
between 10 0 and 10 8 fi bgs at borehole 40993 The clay content of this sample is 
approxunately 14 percent The maxunum saturated volumetnc moisture content of 5 1 2 percent 
was determined for sample BH40404AE collected from borehole 40393 at a depth between 10 3 
and 1 1  0 ft bgs The bedrock claystone sample is composed of about 62 percent clay The 
saturated volumetnc moisture content for this sample exceeded the calculated porosity of 42 6 
percent 

Comparison of the saturated volumetric moisture content with calculated porosity in Table 
I1 3 3-5 for the physical property samples shows some discrepancies where saturated moisture 
content is higher than the calculated porosity This apparent discrepancy only occurs in soils 
with high clay contents and is a result of the sorption of water within and on the clay mineral 
During saturation the double layer of the clay platelet is extended and the uptake of water by 
clay platelets results in an overestunate of saturated moisture content 
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II.3.3.2.2 Porosity a 
The structure of a sod is related to many important physical properties, especially those 

pertaimng to the retenbon and transport of water Soil structure can be measured in several 
ways, but it is most useful to determine the amount, sue, configuration, and distnbution of soil 
pores because they are one of the most important hydraulic parameters Porosity is an index of 
the soil structure and distribution of soil pores, and assesses the relative fraction of pore volume 
(or voids) within a soil or rock matenal Coarse-textured soils are less porous than fine-textured 
soils, though the mean slze of lndividual pores is greater rn coarse-textured geologic materials 
(Hillel, 1982) The larger pore slze of the coarse-textured soils reduces the moisture-holding 
capacity of the soil, especially in the vadose zone 

Porosity was calculated using the methods of Damelson and Sutherland (1986) Soil and 
bedrock porosities were calculated using laboratorydetermlned dry bulk densities and particle 
densities Dry bulk density and particle density are presented in Table 11 3 3-4 The formula 
used to calculate porosity is shown below 

where 4 is porosity (percent), pb is dry bulk density (g/cm3), and ps is particle density (g/cm3) 
Calculated porosities for the physical property samples are presented in Table I1 3 3-5 
Saturated moisture contents are included in Table I1 3 3-5 for companson 

Figure I1 3 3-6 is a graph showing the relationship between porosity and coarse-grained 
soil fraction RFA and associated soils generally exhibit lugher fractions of coarse-grained 
particles than the bedrock lithologies Th~s figure exhlbits this general relationshp where the 
bedrock lithologies occur below about 10 percent coarse fraction and the RFA and associated 
soils occur above about 30 percent coarse fraction Exceptions include RFA and associated 
soils sample BH40401AE (possibly a "reworked" claystone) and bedrock sandstone sample 
BH40609AE 

Calculated porosities for the soils range between 26 1 and 45 6 percent and average 
36 l k 4  9 percent The m m u m  porosity of 26 1 percent was calculated from sample 
BH40608AE This sample was collected from borehole 40993 between 4 0 and 4 7 fi bgs 
Approxmately 18 percent of thls sample is finer than sand Sample BH40407AE exhibited the 
maxmum porosity of 45 6 percent This sample was collected between 4 0 and 4 7 ft bgs at 
borehole 44093 and is composed of approxlmately 65 percent silt and clay 

Bedrock lithologies exlubit calculated porosities that range between 3 1 7 and 43 6 percent 
and averaged 38 8 f 3  9 percent The minunurn porosity of 31 7 percent was calculated for 
sample BH40406AE from borehole 44393 The sample was collected between 12 0 and 12 7 
ft bgs and is composed of about 42 percent clay and 56 percent silt Sample BH40402AE was 
collected from borehole 40593 between a depth of 25 3 and 26 0 ft bgs exhibited the maximum 
porosity of 43 6 percent This sample is composed of about 60 percent clay 
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As menboned above m the saturated moisture content section, some of the soils and 
bedrock lithologies have hgher saturated moisture content than the calculated porosihes T ~ I S  
difference between these two parameters may be related to the hydratmg capacity of smecbte 
clay mmerals 

11.3.3.2.3 Soil and Bedrock Densities 

Particle, dry bulk, and saturated bulk density were determmed for the soil and bedrock 
lithologies from the physical property samples These densities are related to the composition, 
texture, and structure of the soil and bedrock samples Soils structure is the arrangement and 
orgarnation of particles in the soil (Hillel, 1982) Particle density is the density of the minerals 
composing the soil matm and is defined as the mass of a dry soil particle (no voids) per umt 
volume of the soil particles Dry or saturated bulk density is the mass of the dry or saturated 
soil (includmg void spaces) per umt volume of soil 

Soil Particle Density 

In most mmeral soils, the mean particle density is between about 2 6 and 2 7 g/cm3 This 
density range is approxmately equal to the density of quartz (2 65 g/cm3), a common constituent 
of most soils Alummosilicate clay mmerals have a slmilar density Iron and manganese oxide 
aggregates and coatings generally increase the average particle density 

Particle densities were determined using ASTM method D854-92, which measures the 
specific gravity of soil particles less than 4 75 mm Specific gravity was determined on a dry 
soil sample using a pycnometer Table I1 3 3-6 lists the laboratory-determined particle density, 
dry bulk density, and saturated bulk density results for soil and bedrock samples 

0 

The mean particle density of all of the samples tested, both soil and bedrock samples, 
is 2 66f0 03 g/cm3 The particle density of bedrock lithologies is slightly higher than RFA and 
associated soils P m c l e  densities in the RFA and associated soils range between 2 59 and 2 71 
g/cm3 and average 2.65 g/cm3 Bedrock lithologies particle densities range between 2 66 and 
2 73 g/cm3 and average 2 69 g/cm3 

The heaviest particle density samples (BH40404AE and BH40610AE) contain iron oxide 
stains on the claystones at the depth sampled, as indicated on the borehole log 40393 at a depth 
of 10 3-11 0 ft bgs and log 40993 at a depth of 32 7-33 8 ft bgs The least dense sample 
BH40611AE (borehole 42893) is from the Onginal Pond area with a density of 2 58 g/cm3 
This sample represents a soil composed of predominantly montmonllomte clays, as indicated 
by the Atterberg tests, which has a density of 2 5 g/cm3 and also has absorbed water with a 
density of 1 0 g/cm3 This provides additional evidence that soils in the Original Pond area may 
not be native and may represent remnants of former bentomte liner material 
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Dry bulk density is the ratio of the mass of the dry soil solids to the bulk volume of the 
soil The bulk volume mcludes the volume of the soil solids and pore space, and thus is needed 
to calculate porosity. Dry bulk density is not an invmant quanhty for a given soil because it 
vanes with the structural condition of the soil In particular, it is related to its looseness or 
degree of compaction, as well as swellmg and shmkage characteristics that are dependent on 
clay mmeral type, clay content and amount of residual wetness sorbed on the clay platelets 

Dry bulk density was determmed m the laboratory usmg the methods of Blake and Hartge 
(1986) Dry bulk density is determmed by measmng the weight and volume of the dry soil 
Dry bulk density is then calculated by the ratio of the mass of the dry soil to the soil volume 
Table I1 3 3-6 lists the dry bulk and saturated bulk densities determined for the soil and bedrock 
samples 

The computed dry bulk density of RFA and associated soils ranged between 1 45 and 
1 95 g/cm3 and average 1 70f0 13 g/cm3 Bedrock siltstones and claystones exhlbit dry bulk 
densities that range between 1 52 and 1 84 g/cm3 and average 1 63f0 10 g/cm3 The only 
bedrock sandstone sample (BH40609AE) has a dry bulk density of 1 76 g/cm3 

Figure I1 3 3-7 is a graph showmg the relationshp between dry bulk density and irutial 
gravunetric moisture content for the physical property samples This figure indicates that dry 
bulk density is mversely proportional to gravunetnc moisture content Using this data, dry bulk 
densities were computed for the samples obtained beneath the B series SEPs which allowed 
volumetric moisture contents to be calculated In general, the lower dry bulk densities are 
associated with sods that have lllgher high clay contents and the bedrock lithologies An 
exception to th~s generality is sample BH40405AE that contains 89 percent sand and exhibits a 
dry bulk density of 1 71 g/cm3, which is smilar to soils with much higher clay content 

a 

Saturated Bulk Density 

Saturated bulk density expresses the rat10 of the mass of saturated soil to its total volume 
Saturated bulk density, when compared with particle density, provides a qualitative measure of 
porosity and clay content withm a sample In general, soils charactermd by relatively hgh clay 
percentages and correspondmg high porosity measurements have low saturated bulk densities 

Saturated bulk density was determmed 111 the laboratory using the methods of Blake and 
Hartge (1 986) by measuring the weight and volume of the saturated soil Saturated bulk density 
was then calculated by the ratio of the mass of the saturated soil to the soil volume Table 
I1 3 3-6 lists the saturated bulk density results 

The mean saturated bulk density of all of the samples analyzed is 2 07kO 08 g/cm3 The 
mean saturated bulk density for the RFA and associated soils and the bedrock lithologies is 
similar, 2 06 g/cm3 and 2 08 g/cm3, respectively The saturated bulk density for RFA and 
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associated sods ranges between 1 98 and 2 22 g/cm3 Bedrock lithologies exhtbit a saturated 
bulk density between 1 89 and 2 22 g/cm3 The hghest saturated bulk densihes were exhlbited 
by samples BH40406AE (a siltstone) and BH40608AE (a silty gravel), whereas the lowest 
saturated bulk density was measured in sample BH40407AE (hgh in clay content) 

@ 

II.3.3.2.4 Particle Size Characteristics 

The matenals that compose the solid phase withm a soil or a rock include discrete 
mmeral particles of  various sues, as well as amorphous compounds that may coat the soil 
particles Soils can be classified by their particle slze distnbution and mineral composition 
Together, these two attnbutes of  the solid phase determine the physical and chemical behavior 
of the soil 

Texture, particle slze distnbution, and specific surface area are the static properties of  
the soil solid phase The static properties are the endunng attnbutes of  the solid phase capable 
of bemg measured and having a relevance to the behavior of  the soil or rock 

For the physical property samples, particle sue Characteristics were determined in the 
laboratory usmg sieve and hydrometer methods presented in ASTM D422-63(90) Sand and 
gravel fractions are determined by sieve analysis and silt and clay fractions are measured by a 
hydrometer 

Texture refers to the size range of particles in the solid phase The term has both 
qualitative and quantitative connotations Coarse and gntty are qualitative descriptions, while 
the measured distribution of particle sizes or the proportions of the various sue ranges of 
particles are quantitative descriptions Table II 3 3-7 shows the quantitative distribution of  
particle slzes and classification of  soils by the Umfied Soil Classification System (USCS) 
Typically, the textural slze fractions are gravel, sand, silt, and clay 

One visual method of identifying different lithology and depositional environments is to 
display textural fractions on a textural mangle (Hillel, 1982) Figure I1 3 3-8 is a textural 
triangle showmg Umted States Department of  Agnculture (USDA) classification of  the physical 
property soil and bedrock samples based on sand, silt, and clay fractions normallzed to 100 
percent Generally, RFA and 
associated soils are classified as sandy clay loam, clay loam, or loam Less common soil types 
represented by RFA and associated soils include sand (BH40405AE, a possible construction fill), 
silty clay (BH40401AE, Original Pond area), and clay (BH40611AE, possibly reworked 
claystone) The bedrock sandstone 
sample (BH40609AE) is classified as a sandy loam 

The textural class names also are shown for comparison 

Bedrock lithologies are classified as a silty clay or clay 

The textural triangle shows that most of  the samples contain between 20 and 50 percent 
clay When compared with other size categories, clay particles have sigmficantly greater surface 
area per urut mass, resulting in higher physicochemical activity Clay particles absorb water and 
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hydrate to form an electrostatic double layer with exchangeable cauons. Surface activity of a 
clay is also expressed d m g  hydrauon through the release of heat (heat of wettmg) 

Dividmg the samples mto textural classes, as 111 the textural mangle, places a 
preconceived grouplng upon a contmuous array of particle sues and excludes the cobble and 
gravel portions Figure I1 3 3-9 shows the contmuous nature of particle sues in sample 
BH40600AE (borehole 43193) The information obtamed from h s  representation of particle 
sue distribution mcludes the diameter of the largest grains m the assemblage and the gradmg 
pattern The shape of the distnbuoon curve is related to the amount of grading d m g  
deposition Soils with a preponderance of several pamcle sms are well graded slmrlar to 
sample BH40600AE (Figure I1 3 3-9) Poorly graded particle distnbutions have a steeper slope 
Bedrock samples with steep slope partxle dlstnbutions are typically referred to as well sorted 
slmilar to Figure I1 3 3-10 (sample BH40605AE) In general, RFA and associated soils are 
well graded while bedrock lithologies are well sorted 

Figure I1 3 3-11 shows a composite of sieve and hydrometer analyses for the RFA and 
associated soils Individual particle sue distnbution curves are presented in Appendix I1 P 
Four distinct particle sm distnbution curves are evident on Figure I1 3 3-11 (groups 1-4) 
Finer-gramed soils typically occur along the upper portion of figure-lke sample BH40401AE 
(group 1) and the coarse-gramed soils occur along the base of the figure-like sample 
BH40405AE (groups 2 and 4) Samples BH40401AE and BH40405AE are poorly graded soils 
The majonty of RFA and associated soils occur withm an envelope describing well graded soil 
textures in the central portion of Figure I1 3 3-11 (group 3) 1 0 

Figure 11 3 3-12 shows composite sieve and hydrometer analyses for the bedrock 
lithologies Three distinct particle slze distnbution curves are present on this figure The 
lowermost curve represents the Arapahoe Sandstone sample (BH40609AE) Bedrock clay stones 
are the uppermost group of particle slze distnbution curves Immediately between the claystone 
and sandstone samples are the bedrock siltstone particle sue distnbution curves 

Several mdices that aid in charactemmg the particle sue distnbution curves were 
calculated and are presented in Table 11 3 3-8 These mdices mclude the umformity mdex (Cu), 
the median particle diameter (dm), the particle sues at 10 (dlo), 30 (dm), and 60 (&) percent, 
and the mdex of curvature (C3 The dlO,dN, and & mdices represent the particle diameter (m 
mm) correspondmg to 10, 30, and 60 percent of the soil passing that screen diameter by weight, 
respectively The umformity index is 

while the index of curvature is defined as 
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In general, well-sorted soils have C, rndices less than 10, whde well-graded sods can 
have C, mdices greater than 1,OOO (Holtz and Kovacs, 1981). A sandy sod IS considered to be 
well graded if the mdex of curvature is between 1 and 3 and has a umformity mdex greater than 
6 (Hob and Kovacs, 1981) 

a 
Four RFA soil samples had computed umformity indices Samples BH40405AE and 

BH40602AE (SW and G soil types, respectively) exlubit C, values of 6 7 and 933 and C, values 
of 0 85 and 0 045, respectrvely Although the umformity mdex cntenon classifies these samples 
as well graded (C, > 4 for gravels and > 6 for sands ), the mdex of curvature mdicates that these 
samples are poorly graded [(l <C,< 3 (Holtz and Kovacs, 1981)] Samples BH40608AE and 
BH40612AE (GM and GC sod types, respectively) exlubit C, indexes of 4250 and 2500 and Cc 
values of 7 8 and 13, respectively These samples are not well graded Umformity indexes 
were not computed for any of the bedrock samples because C, are relevant for only coarse 
gramed sods 

The median particle diameter (dm) for the RFA and associated soils ranges between 
0 0017 and 1 1  mm and average 2 Of3 7 mm Th~s range m median particle sm diameters 
indicates that the RFA is composed of a large range of soil particle slzes that are well graded 

Bedrock siltstones and claystones e h b i t  median particle diameters between 0 0014 and 
The largest median 

This MITOW range 
0 1 1  mm 
particle diameter (0 1 1  mm) was exhlbited by a bedrock sandstone sample 
of particle sms mdicates that the bedrock lithologies are well sorted 

11.3.3.2.5 Atterberg Limits 

The average median particle diameter is 0 02f0 044 mm 

l 

Atterberg Lunits represent a senes of tests that determrne the moisture content of a soil 
when it changes from one physical condition to another In general, these tests classify soils for 
structural purposes, but these tests also identrfy the predormnant clay mmeral present (Holtz and 
Kovacs, 1981) Knowmg the predommnt clay mmeral present withm a sample aids in 
identifying the relative moisture-holdmg capacity of different soils (Holtz and Kovacs, 1981) 
Matenals used m the tests are soil particles that pass through a No 40 sieve (finer than 0 42 
mm) The liquid Imit, the plastic llmit, and the shmkage lmit comprise the more common 
Atterberg Lmits indices 

The liquid lunit (LL) is the water content at whrch a trapezoidal groove of specified 
shape, cut m moist soil held m a special cup, is closed after 25 taps on a hard rubber plate The 
plastic lunit (PL) is the water content at which the soil begins to break apart and crumble when 
rolled by hand into threads one-eighth mch in diameter The shrinkage lmit (SL) is the water 
content at which the soil reaches its theoretical m m u m  volume as it dnes out from a saturated 
condition (Sowers and Sowers, 1970) The LL and PL are reported in terms of percent of mass 
per mass (percent, g/g) 
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For vadose zone charactemahon, the U represents the total molsture potentlally held 
m the diffused double layer and any water held by absorphon. The PL represents the innermost 
moisture of the diffised double layer and absorbed water (Sowers and Sowers, 1970) The 
difference between the LL and the PL is the plashcity index (PI) The PI represents the range 
in water contents at which the soil is in the plastic state and represents the potential changes m 
water content of the diffused double layer or the moisture-holding capacity Since the PI is a 
measure of the moisture-holdmg capacity of the fine-fraction, it provides an indication of the 
mmeralogy of the clay fraction (Sowers and Sowers, 1970) Thls relationship was identified in 
1948 by Casagrande (Holtz and Kovacs, 1981) 

Table I1 3 3-9 lists the results of Atterberg tests for physical property samples Four of 
the 25 samples were coarse-textured and did not have sufficient fines to complete Atterberg 
Lunits Atterberg tests for the remamg samples were conducted using ASTM Method D43 18- 
84 

Figure I1 3 3-13 shows the relationshp between PI and clay mineralogy Casagrande's 
kaolmte, montmonllomte, and illite zones as defined by Holtz and Kovacs (1981) are shown 
for comparison Th~s figure, termed a soils plasticity chart, differentiates clay-ldce materials 
from those that are silt-ldce The clay-ldce matenals occur above the A-line on Figure I1 3 3-13, 
whle the silt-lke matenals occur below this lme For the samples tested, the RFA and 
associated soils and the bedrock samples are ail clay-lrke Two extremes are noted on Figure 
I1 3 3-13 The RFA soil sample taken from the Onginal Pond area is noted because it has a 
hlgh PI and high moisture-holdmg capacity Additionally, the apparent separation from the other 
RFA and associated soil samples suggest that this sample is not native to the OU4 site The 
Arapahoe Sandstone sample is the other extreme because it has a low PI and low moisture- 
holdmg capacity Based on Figure I1 3 3-13, these values of LL and PI suggest that the tested 
samples are charactenzed by a mlxture of montmonllomte and illite clays 

Of the twelve coarse-gramed RFA and associated soil samples, eight were measured 
These coarse-gramed samples have a PI range between 10 and 74 The mean PI is 
approxlmately 26 3f20 "Ius lithology group contains the largest PI (taken from the Original 
Pond area) The four fine-gramed soils exhlbit a narrower PI range Their PI range is between 
18 and 38 and averages 26f9 For all of the RFA and associated soils, the mean PI is 23 3 f7 

The PI for eight bedrock siltstone and claystone samples ranges between 25 and 55 and 
averaged about 36 f 1 1 Sample BH40609AE (the Arapahoe Sandstone) exhibits the smallest PI 
value of 3 

Results 

Moisture contents are reflective of the lithology of the sample (amount of fines and type 
of clays) and the relative position of the sample taken with respect to the water table 
Additionally, core samples taken at shallow depths may be subject to the effects of 
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0 evapotranspmbon losses or variances in moisture mrgraQon pathways These vanances may be 
reflected on Figure I1 3 3-2 

I 

Sample BH40608AE, collected from borehole 40993 north of SEP 207-C exhibited an 
imual volumetrrc moisture content of 12 6 percent Approxmtely 82 percent of this sample 
is composed of sand and gravel Samples with sunilar coarse fraction are BH40612AE (borehole 
43693) and BH40613AE (borehole 41593) Although these samples are collected from shallower 
depths, the corrected volumettrc moisture contents are approxunately 10 percent wetter than 
sample BH40608AE Th~s is attributed to the A-pond liner trapplng vertically moving moisture 
Additionally, sample BH40613AEi, located on the north end of SEP 207-A, is approxunately 7 
percent wetter than sample BH40612AE, located on the south end of SEP 207-A (Table I1 3 3- 
4) This dissmdanty m corrected volumetnc moisture content may indicate seepage occumng 
beneath the north end of SEP 207-A 

I 

The Arapahoe Sandstone (Sample BH40609AE, if it is representative), contains clays that 
are not as adsorptive as other RFA and associated soils or other bedrock samples tested (Figure 
I1 3 3-13) Thls bedrock sample appears to be texturally sunilar to the RFA and associated 
soils, wlule soil sample BH40401AE appears to be texturally sunilar to the claystones 

A compmson of the saturated moisture contents and the calculated porosities indicates 
that there are sorptive clays withm the RFA and associated soils The greatest differences are 
associated with the hlgher PI and LL Atterberg values 

Sample BH40611AE (Original Pond area) has an LL value of 107 and a PI value of 74 
Figure I1 3 3-13 shows the umqueness of thls sample relative to the others The high LL and 
the locaoon of the sample suggests that thls soil sample may contain remnants of the Original 
Ponds’ compacted bentomtic clay h e r  Based upon its Casagrande plot position (Figure I1 3 3- 
13), the sample contam montmorillomte clays, wluch further indicates that the material 
represents the bentomtic clay soil reportedly used for the h e r  

JI.3.3.3 Field Measurements of Hydraulic Properties of the Vadose Zone 

Vmous equipment and techques were used to characterne hydraulic properties of the 
vadose zone at OU4 The approach lncluded field permeability tests, neutron moisture 
momtonng , and laboratory characterization of hydrologic properties of soil cores collected from 
the vadose zone The results of the field permeability tests and neutron moisture momtoring are 
presented in this section (Section I1 3 3 3) and the laboratory results are presented in Section 
I1334 

Field permeability measurements were performed to provide estunates of field-saturated 
hydraulic conductivity at shallow depths within a vartety of lithologic materials that comprise 
the vadose zone at OU4, and to evaluate the effectiveness of B A F  test equipment and Guelph 
permeameter to provide hydraulic conductivity measurements in the FGA soil and lithologic 
materials at OU4 Neutron moisture momtoring was conducted to determine the areal and 
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vertical dismbutlon of moisture in the vadose zone and to evaluate if percolation of precipitation 
occurs at the site and is indicated by the presence of wettmg fronts 

II.3.3.3.1 B A P  Tests 

As proposed in TM1, 32 to 48 field-saturated hydraulic conductivity tests were planned 
dunng dnllmg of 16 vadose zone boreholes at OU4 (two to three tests per borehole) Using this 
approach, unsaturated alluvial and weathered bedrock materials were tested to provide field- 
saturated hydraulic conductivity estimates for each type of subsurface material 

The B A P  test uses a porous ceramic downhole probe and hydraulic pressure sensing 
equipment to perform permeability tests operationally slmilar to a small-scale slug test During 
the test, water can be mjected or withdrawn from the tested interval and estunates of hydraulic 
conductivity are denved from transient pressure readings, flow rate, and boreholehest 
configuration geometry BATTM tests are usually llmited to soils with saturated hydraulic 
conductivites less than c d s  and are accurate to withm one order of magnitude For the 
OU4 Phase 1 RFI/RI mvestigation at OU4, only vadose zone materials were tested Details of 
the test procedure and analyses performed are presented in EG&G SOP Manual 5-21000-0PS, 
SW 34 (draft) 

Dunng the field investigation, tests were attempted at 14 of the 16 vadose zone 
boreholes Fifteen tests were successfully completed in 14 boreholes Five of these tests were 
performed 111 alluvial matenals and 10 were performed in bedrock lithologies The test depths 
ranged between about 3 to 27 feet Difficulties in advancmg the BATTM probe or damage to the 
ceramic filter precluded successful completion of several tests attempted within gravelly horizons 
of the RFA Most of the tests completed were in the bedrock lithologies, however, some tests 
111 the RFA were successful Tests in the last two vadose zone boreholes (41593 and 42493) 
were not attempted because gravelly conditions were encountered in the RFA Three test 
attempts m the claystone bedrock were not successful because of high pore pressures or damage 
to the probe tip 

@ 

Results of BATTM tests and the conditions encountered at each vadose zone borehole are 
Figure II 3 3-14 also presents results of BATTM testmg during the presented in Table 3 3-10 

OU4 Phase I RFI/RI Field Investigation at OU4 i 
As summanzed in Table I1 3 3-1 1, test results for alluvial clays and silts range from 9 1 

x lo-'' to 3 5 x lo-' c d s  One test of a sand horlzon withm an alluvial gravel resulted in a field- 
saturated hydraulic conductivity greater than 3 1 x loe7 cm/s Field-saturated hydraulic 
conductivities for bedrock siltstones and claystones ranged from less than 1 0 x 10"' to 1 0 x 

cm/s, whde one test of a silty sandstone yielded a field-saturated hydraulic conductivity of 
I 1 10-7cm/s 

BATm permeability test results for alluvial and sandy materials yielded higher field- 
However, saturated hydraulic conductivity values than the bedrock siltstone and claystones 
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hydraulic conductivity results for BAP-tested alluvial and bedrock matenals were substantially 
lower than saturated hydraulic conductivities presented in the Geologic Charactemahon Report 
(EG&G, 1991) for slmilar saturated alluvial and bedrock matenals tested using slug and pumpmg 
test methods Ldcewise, BATm test results are about 100 tunes lower than results for smilar 
but shallower materials tested using the Guelph permeameter This vanance may be due to 
smeanng of fines onto the ceramic cup of the BATM probe tip The small area of influence 
intrmic in the BATm test methodology may contnbute to this observed discrepancy between 
hydraulic conductivities 

11.3.3.3.2 Guelph Tests 

As proposed in TM1, approxmately 25 Guelph permeameter tests were to be performed 
at vanous locations to provide field-saturated hydraulic conductivity and matric flux potential 
estunates for near-surface matenals at OU4 Guelph tests are usually limited to soils with a 
saturated hydraulic conductivity greater than 10" cm/s Therefore, most of the Guelph tests 
were completed in the RFA 

Tests were attempted adjacent to 13 of the 16 vadose zone boreholes and at SIX other 
boreholes withm OU4 A total of 24 tests were attempted, 21 tests were successful The depths 
of the tests ranged from 5 5 to 29 0 inches Tests were completed in alluvial umts consisting of 
silts, clays, gravels, and sand, and bedrock umts composed of claystone and sandstone 

Field-saturated hydraulic conductivity and matric flux potential using the method of Elnck 
et af (1989) were determined using the Guelph permeameter data Matric flux potential ( @ m )  
is defined as 

e 

where is mamc potential at the wettmg front and K( Jr ) is unsaturated hydraulic conductivity 
(a function of matrrc potential) Matrrc potential is the sum of the capillary and adsorptive 
forces exerted on soil water by the soil matnx, commonly known as "soil suction" Field- 
saturated hydraulic conductivity and matnc flux potential are estmated using the measured 
steady-state flux rate mto the borehole, the pressure head (H), the well radius (a), a 
dimensionless shape factor (C), and a parameter a * that is expressed as 

_- 
a m  

where K, is field-saturated hydraulic conductivity The a * parameter can be interpreted as 
the mverse of the matnc potential at the wetting front ( l$fl=a*-l) The shape factor, C, is 
determined from a graph of C versus H/a for different ranges of a * It has been shown that 
the determination of Kf, and $m is not strongly dependent on a * (Elrick et al , 1989) An a * 
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value of 12 cm-I suggested by White and Sully (1987) was used throughout this study Guelph 
permeameter field test results were analyzed using both the two-head, smultaneous equations 
approach and the one-head approach 

Results of Guelph permeameter tests and conditions encountered at each test location 
Figure I1 3 3-15 also presents results of Guelph borehole are presented in Table 3 3-12 

permeameter testing during the OU4 Phase I RFI/RI Field Investigation at OU4 

As summanzed in Table I1 3 3-13, Guelph permeameter field-saturated hydraulic 
conductivity measurements for RFA clays and silts range from less than 1 0 X 10" to 1 6 x 
cm/s One test of a sand horizon within silty sand resulted in a K, of 4 8 x 10' cm/s Results 
for alluvial gravels ranged from less than 1 0 x 10" to 1 1 x cm/s Calculated matric flux 
potential ranged between 6 1 x lo-' and 4 3 x lo5 centmeters squared per second (cm2/s) 

Results for tests performed in shallow bedrock sandstone horlzons ranged from 3 2 x 10" 
to 2 1 x cm/sec One test performed in a shallow bedrock claystone and resulted in a Kfs 
of 8 4 x 10" cm/sec Calculated matric flux potentials ranged between 2 7 x 10" and 2 1 x 10' 
cm2/s Although these results appear to be consistent with expected ranges for materials tested, 
field-saturated hydraulic conductivity and mamc flux potential values encompass a range of up 
to three orders of magmtude Results from tests performed in slmilar materials at similar depths 
vaned by more than two orders of magmtude 

Guelph permeameter test results show a high degree of K, variation between sites and 
at depth for individual sites This variability is attributed primarily to the presence of 
heterogeneities within the soils Attempts were made to use a two-head solution to determine 
hydraulic conductivity and matric flux potential using steady-state flux measured in the field at 
two different heads (where the second is larger than the first and influences a larger area) A 
portion of the measurements analyzed with the two-head solution yielded negative results, which 
suggests that the scale of heterogeneities at these sites is smaller than the area sampled by the 
Guelph permeameter Whenever negative results were obtained using the two-head method, a 
one-head analytic techruque, which assumes knowledge of the a* parameter, was followed 

Variations also were observed due to irregular borehole geometnes Difficulties m 
advancing a test borehole in the gravelly material were encountered at three locations, even 
though three different methods of shallow borehole advancement were attempted throughout the 
testing program Successful borehole advancement often resulted in irregular borehole 
geometries due to the removal of cobbles The solution method used to determine hydraulic 
conductivity and matric flux potential relies somewhat on the assumption of regular borehole 
geometry Therefore, the results of some Guelph tests may exhibit errors because of an 
irregular borehole geometry 
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II.3.3.3.3 Neutron Probe Measurements 

Neutron probes operate on the pmciple of neutron moderauon to determine neutron 
counts that may be correlated with soil moisture content The probes contam a radioactive 
source, commonly amencium-241/beryllium, that emits hgh energy neutrons, and a detector that 
senses thermal (slow) neutrons Thermallzed neutron capture emits a pulse of energy that is 
counted by the detector Approxlmately 70 percent of the neutron slowing is due to collisions 
with hydrogen atoms (Dickey, 1990) Because most hydrogen ~fl soil is in the form of water 
molecules, a correlation can be developed between themallzed neutron count and moisture 
content This relationshp is usually linear for the moisture commonly encountered in soils 

The neutron probes used dunng this study were 503DR-1 5 and 503DR-2 hydroprobes 
manufactured by CPN Corporation The prmary components of these portable probes are the 
source (50 millicune amencium-241/beryllium) and detector which are contained in the 
downhole probe, and the sheldmg and signal processor which are housed withm the body of the 
probe In the fully-retracted position, the probe is shielded within the body of the probe 

Neutron Probe Calibration 

The 503DR Hydroprobe determines hydrogen content within a sphencal volume of soil, 
sometunes known as the sphere of mfluence, which has a radius of approxlmately 6 inches (CPN 
Corporation, 1984) These measurements are affected by a number of factors including soil 
bulk density, soil chemistry, access tube matenal and diameter, and void space between the 
access tube and the borehole As a result, it is usually necessary to calibrate the neutron probe 
to site-specific conditions if they are sigmficantly different from the conditions under which the 
factory calibration was determined and if it is desirable to report neutron probe measurements 
in terms of water content Because relative differences in moisture content and wettmg front 
movement were the primary focus dumg neutron moisture momtomg, the neutron probe was 
not calibrated to site moisture conditions The factory calibration was used and neutron counts 
are presented instead of moisture content Comparison of changes in dlrect neutron counts 
between momtomg events allows detection of very small changes 111 moisture content 

0 

Neutron molsture measurements are mfluenced by the moisture content m the native soil 
and the access tube/lysuneter completion matenals, the composition of the access tube, and 
proxunity to lysmeters and lysuneter mer tubes The borehole completion matenal consists of 
silica flour, Colorado silica sand, or bentonite depending on the interval The native soil and 
borehole completion materials have different moisture contents due to their different 
characteristics Their relative influence on the neutron probe reading is not known The neutron 
access tube, lysmeters, and lyslmeter nser tubes are constructed of polyvinyl chlonde (PVC) 
PVC contains chlorme, which also is a neutron captumg element Therefore, the proxunity of 
the neutron probe to lysmeters or riser tubes may also influence the measurement Because the 
momtormg instrumentation geometry and borehole completion matenals are highly variable, 
neutron probe measurements are not affected equally at all locations or intervals within a 
borehole 
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Standard Count 

A standard count was taken pnor to each momtomg event The standard count is the 
average of a senes of neutron counts taken under standard conditions CPN Corporabon 
recommends that the standard count be taken m the silicon-based paraffin shield housed in the 
body of the probe by placing the probe on the carrymg case’s lead plate The shield IS not 100 
percent effective, and as a result, the standard count is affected by surrounding conditions such 
as surface moisture and nearby objects To mllllIIUZe the effect of surroundmg conditions, each 
standard count was taken with the probe placed on the concrete pad adjacent to vadose zone 
momtoring locatlon 44393 and at least 5 feet from the nearest object 

The standard count is used to determme if the probe’s electromcs and other components 
are functiomng correctly (Dickey, 1990) The CPN 503DR standard count is a series of 32, 8- 
second counts The probe displays the average reading (standard count), previous reading, and 
the chi-squared ratio The chi-squared ratio should fall between 0 75 and 1 25 at least 95 
percent of the tune if the probe is functiomng correctly Additionally, the difference between 
the current and previous standard counts should be withrn 0 707 tunes the square root of their 
average at least 95 percent of the tune (CPN Corporation, 1984) 

Neutron Probe Calibration Transfer 

Two different neutron probes were used dumg this study To allow comparison of 
neutron data obtained from these two different probes, it was necessary to determme a 
calibration transfer between the origml probe and the replacement Thirty-two, eight-second 
counts, representing the extreme values of moisture content, were measured at two intervals with 
both probes at vadose zone momtomg location 40593 The average measurements from the first 
gauge were used to construct a calibration curve for the second gauge The neutron data were 
then corrected for the count differences usmg the calibration factor 

Results 

The objectives of the neutron moisture measurements were to characterlze relative 
moisture content and seasonal wettmg of the vadose zone, to determine if flow is occumng, and 
to establish a baselme for future measurements withm OU4 Measurements were made at 
approxmately bunonthly intervals for five months at 16 vadose zone momtonng installations 
(Figure I1 3 3-16) By comparmg successive neutron count profiles and noting changes m 
neutron counts with depth, it is possible to determme wetting fronts and changes in water 
storage 

To obtain neutron count measurements, the probe was placed on top of the protective 
surface casmg and the probe was lowered into the neutron access tube to predetermined mtervals 
marked with cable stops Neutron counts, 32 seconds in duration, were taken at 1-foot intervals 
from the top to the bottom of the neutron access tube or to the level of standing water, if 
encountered 
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Neutron count profdes for 16 monitonng locat~ons are presented as Figures II 3 3-17 
through 11 3 3-32 Table II 3 3-14 !immamm the neutron moisture momtonng results 
Although changes in neutron count profiles are vlsible at some locahons, there is no evidence 
of a vertically movmg wettmg front at any of the momtonng locations Changes m neutron 
count profiles reveal four pmary  moisture and water storage trends 

' @ 

of surface drying is most pronounced at neutron momtonng locations 40293,40393,40793, and 
41293 north of the SEPs 

Neutron count profiles at momtormg locations 40993, 41593, 42493, and 43693, which 
are situated beneath or adjacent to the SEPs, mdicate static moisture conditions at depth Most 
of the variations in the neutron count measurements are small and reflect only slight changes in 
moisture content The transient effects of evapotranspiration are mimlzed beneath the SEPs 
because the asphalt liners retard evapotranspiration 

e A seasonal declmng water table south and east of the SEPs, 

e Drainage in soils above the water table dunng decreases in ground water level, 

e A seasonal decrease in water storage between ground surface and about 3 feet at 
most locations, and 

b Static neutron count profiles beneath SEP 207-A 

Neutron count profiles at neutron momtonng locations 41793,43 193,44093, and 44393 
show evidence of a declmng water table These momtonng locations are situated south and east 
of the SEPs Locahon 40293, situated near North Walnut Creek, also shows a water level 
decline Hydrographs from location 3887 c o n f i i  that the water table elevations were 
decreasing at these locations These locations show a decrease in moisture content in the lower 
to middle portions of the momtored mtervals Most of the other neutron momtonng locations 
appear to show a relatively static water table as surnamed m Table I1 3 3-14 The fluctuation 
of the water table as evidenced by the neutron probe data is less than the fluctuations observed 
in the momtoring wells and piezometers 

Dumg seasonal fluctuations of the water table, soils that are situated just above the water 
table dram as the water table elevation decreases Drainage is evident at neutron monitomg 
locations 41793, 43193, 44093, and 44393 Drainage of the soils results in decreased neutron 
counts because the soils are less moist l h s  decrease in moisture content results in an increase 
in the matnc potential of these matenals 
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The effects of the neutrodlysmeter bonng complebon matenals on neutron 
measurements are evident at the locations that show water level declmes Evidence of water 
level declme is most pronounced m the sod mtervals adjacent to Colorado silica sand and least 
pronounced adjacent to bentomte This was detemmed by plottmg the neutrodlysmeter 
completion on the borehole logs presented m Appendlx 11 H The well-sorted, coarse-gramed 
Colorado silica sand drains rapidly as the water table declmes and a decrease m the neutron 
counts is observed Moisture charactenstic curves of coarse-gramed, poorly-graded matenals, 
such as Colorado sllica sand, rapidly decrease m moisture content when their au-entry pressure 
is reached l h s  charactenstic IS less pronounced in fme-gramed matenals with a umform pore- 
sue distribution such as silica flour and bentomte Neutron count measurements adjacent to 
bentomte show little to no change as the water table declines because of the high air entry 
pressures associated with these matenals Therefore, neutron moisture readings adjacent to 
bentomte may not be representative of changmg moisture conditions m surrounding materials 
The effect of the non-native access tube/lysuneter completion matenals on the neutron count 
measurements suggests that the neutron access tubes should not be installed in the same borehole 
as the lysuneters In addition to the effect of the completion matenals, sampling of the 
lysuneters also may cause locallzed changes m the moisture content 

II.3.3.4 Laboratory Measurements of Hydraulic Conductivity of the Vadose Zone 

Hydraulic conductivity (K) is a measure of the ease that water moves through soil or rock 
and is dependent on the texture, or particle-slze distnbution, and the structure, or arrangement 
of the soil particles K is the proportionality factor in Darcy's equation (v = K * 1) and relates 
the velocity (v) of water in a porous medium to the hydraulic gradient (1) Determination of the 
ability of unsaturated and saturated geologic matenals to transmit liquids is one of the more 
unportant site characterlzation parameters and is cntical for the design of vadose zone 
momtormg systems The EPA (1992) charactemes hydraulic conductivities as follows 

@ 

Hydraulic Conductivity Description 
(cdsec) 

K > 10-3 High 

10-3> K > 10-5 Moderate 

10 -5  K > 104 LOW 

K < lo4 Inhibited 

Laboratory measurements of saturated hydraulic conductivity (KJ and soil moisture 
characteristics were conducted by DBS on 25 undisturbed core samples selected from the borings 
drilled for lysuneter and neutron access tube mtallation These parameters were measured to 
provide data to allow calculation of the unsaturated hydraulic conductivity (K,J and to provide 
soil hydraulic data for IM/IRA engrneered b m e r  performance modelmg The results of these 
analyses and the calculated K,,s values are presented in the following sections 
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II.3.3.4.1 Saturated Hydraulic Conductivity 

K, was measured for each of the mtact soil samples selected for physical property 
analysis Laboratory measurement of K, was conducted usmg either the constant head (ASTM 
D2434-68) or falling head (Khte, 1986) method The constant head method is used to measure 
K, for soils contammg less than 10 percent silt and clay and hydraulic conductivities between 
1 and lo-’ c d s  The fallmg head method is used to measure K, in fine-grained soils with 
hydraulic conductwiOes between and c d s  Sample BHWOSAE, a gravelly sand from 
borehole 44393, was the only sample analyzed by the constant head method The results of the 
K, determmtions are presented in Table I1 3 3-15 for RFA and associated soils and in Table 
I1 3 3-16 for the bedrock lithologies 

The laboratory-measured K, of RFA and associated soils ranged between 7 1 X and 
1 0 X lom9 c d s  Three samples exhlbited K, values greater than 1 0 X c d s e c  and a 
geometnc mean of 5 8 X 10” cdsec  These samples are representative of soils with a high K, 
The r emamg RFA samples exhlbited K, values less than 1 0 X lo4 cdsec  and a geometric 
mean of 1 0 X lo4 cdsec  Most of the samples analyzed exhibited K, values between lo-’ and 
10“ c d s  Soils with K, values less than lo-’ are representative of low to inhibited K, 

The laboratory-measured K, of bedrock lithologies ranged between 1 8 X 10’ and 3 6 
c d s  All of the bedrock samples exhlbited K, values less than 1 0 X lo-’ c d s  

cm/sec A single bedrock 
X 
Siltstones and claystones exhibited a geometric mean of 3 8 X 
sandstone sample (BH40609AE) from borehole 40993 yielded a K, value of 1 8 x lo-’ cm/s 

Figure I1 3 3-33 shows the relationship between K, and depth bgs No apparent 
relationshlp exists between K, and depth However, with few exceptions, this figure shows that 
the RFA K, values are typically greater than lo4 cm/s and that the bedrock lithologies exhibit 
& values less than c d s  

11.3.3.4.2 Soil Moisture Characteristics 

The amount of saturated pore space available for water movement within a soil varies 
with the volumetnc water content Thus, a direct relationship exists between the volumetnc 
water content and the hydraulic conductivity of a soil Maxunum hydraulic conductivity occurs 
when a soil is fully saturated As a soil desaturates, pores become air filled, which decreases 
the pore volume capable of transmittmg water The first pores to desaturate are the largest, 
most conductive pores As a result, desaturation is often accompaxued by a rapid decrease in 
hydraulic conductivity 

Defimg the relationship between moisture content and hydraulic conductivity in a soil 
is necessary for describing and sunulating the movement of water in an unsaturated soil The 
relationship between the soil water content and the pressure head (or matric potential) IS a 

29 wpf 
I1 3-52 

OU4 Proposed lMl1RA EA Decision Document 
Februaly 10, 1995 



’ 0 fundamental hydraulic charactenstx of vadose zone soils Thls relationship is defined by the 
moisture charactenstx or water retenQon curve 

Soil moisture charactenstics of the imtial dramge curve for RFA and associated soils 
and bedrock lithologies were determined by DBS using both pressure-plate and thermocouple 
psychrometnc methods presented in MOSA, Chapter 26 (Klute, 1986), ASTM D2325-68 
(ASTM, 1992), ASTM D3152 (ASTM, 1992), and Jones and others (1990) The moisture 
characteristic curve developed for the sod and bedrock samples was mapped by establishing a 
senes of equilibna by dramge from zero to approxunately 15 bars pressure head 

The results of the soil moisture charactenstic analyses are summarized in Table I1 3 3-17 
Tables I1 3 3-18 and I1 3 3-19 show the matrrc potential relative to the initial moisture content 
of each sample This table also shows the calculated unsaturated hydraulic conductivity KS) 
for the RFA and bedrock samples, respectively Calculated KS is discussed in the following 
section Graphs of the moisture content versus pressure head are presented in Appendix I1 S 
Figure I1 3 3-34 shows an example of the pressure head-moisture content relationship for a soil 
sample from borehole 40993 Tlus figure indicates that moisture content decreases rapidly with 
mcreasmg pressure head (or matnc potential) The imtial moisture content of the soil sample 
is shown on the figure indicatlng that the sample at the tune of collection had a matric potential 
of approxunately 3,200 cm (3 2 bars) Mima1 water movement occurs in the vadose zone 
below about 0 3 bars of pressure 

II.3.3.4.3 Unsaturated Hydraulic Conductivity 

Soil water retention data obtained from the moisture characteristic analyses were used to 
calculate the KS of each sample analyzed K,, as a function of moisture content and/or pressure 
head, was calculated using RETention Curve (RETC), a computer program developed by van 
Genuchten and others (1991) for the EPA A closed-form analytical solution based on Mualem’s 
(1976) theoretical model was used to predict K, from soil moisture characteristics RETC uses 
a non-hear least-squares method to fit the expenmental data to a moisture characteristic 
function Input parameters consist of mamc potential-moisture content data pairs and saturated 
moisture content 

Mualem (1976) described the theoretical basis for the procedure used to estimate KS from 
the moisture charactenstic curve according to the following formula, 
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where K, is the relabve K, h is the negative pressure head as a function of dunensionless 0 moisture content (S3, and 

where subscripts r and s mdicated saturated and residual values of moisture content The 
relationshp between dunensionless moisture content and pressure head is given by the following 
equation, 

where m is equal to 1-lh a, n, and m are obtained by a non-linear least-squares numerical 
procedure applied to measured moisture retention data using the techruque developed by van 
Genuchten (1980) and van Genuchten and others (1991) 

The results of these calculations are shown in Tables I1 3 3-18 and I1 3 3-19 for the RFA 
and bedrock lithologies, respectively The KS results using the corrected imtial moisture contents 
also are shown for companson Figure I1 3 3-35 is an example of the calculated &,-moisture 
content function for a soil sample from borehole 40993 

0 
Figure I1 3 3-36 shows the relationshp between Ks and moisture content RFA and 

bedrock lithology K, values are clustered as two separate groups, however, the RFA data exhibit 
a wider range of K, values K, values for the RFA range between 4 6 x lo6 and 2 2 x 10”O 
c d s  and have a geometnc mean of 7 2 x c d s  The bedrock K, values typically range 
between 4 2 x 10‘” and 6 4 x c d s  Figure 
I1 3 3-37 depicts K, versus depth bgs K,,, values do not appear to change with depth since the 
KS data exlubit a wide range of values at smilar depths 

c d s  and have a geometnc mean of 1 5 x 

KS values also were calculated for the corrected irutial moisture content values by 
calculatmg an irutial moisture content for the < 2mm size fraction and are termed “corrected 
K,,, I’ Corrected Ks values for the RFA range between 1 2 x 10” and 2 0 x c d s ,  and have 
a geometric mean of 6 9 x 10 lo c d s  Corrected K,,, values for the bedrock are similar to the 
uncorrected results because the imtial moisture contents did not change because a > 2mm size 
fraction is not present Corrected K,,s values for the RFA varied consistently from the imtial K,,s 
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II.3.3.5 Water Level Measurements 

Water level measurements were gathered from historical records and from an actwe field 
momtoring program Momtomg was conducted usmg automated and manual alluvium water 
level measurement techmques accordmg to SOPS VZ 5 and GW 1 Two hydrostratgraphc 
reglmes were examined as part of the OU4 Phase I RFI/RI investigation The upper 
hydrostratigraphic umt (Upper HSU) IS defined as the unconfined saturated zone consistmg of 
the alluvium and weathered bedrock strata The alluvium reglme consists of RFA, construction 
fill, valley fill alluvium, colluvium, and landslide soil materials 

Alluvium water level measurements were obtained at four automated momtormg locations 
in OU4 in order to correlate water level changes with precipitation events These data allow an 
estunate of the approxmate travel tune for infiltration to reach the water table The automated 
momtomg program was later expanded to include manual alluvium water level momtonng to 
identify the vertical extent of the vadose zone, to provide greater detail on water table configura- 
tion and fluctuations in OU4 than was previously available through RCRA alluvium momtormg 
programs, and to allow compmson of historical hydrographs when the SEPs were m operation 
to water levels after SEPs 207-A, 207-B North, and 207-B Center were drained Alluvium 
water level fluctuations recorded III 1993 are examined in Section I1 3 3 5 3 Historical alluvium 
water level fluctuations are discussed in Section I1 3 3 5 4 The configuration of the alluvium 
and Upper HSU water tables is presented in Section I1 3 3 5 5 Water table fluctuations adjacent 
to the SEPs are presented in Section I1 3 3 5 6 Section I1 3 3 5 7 discusses the thlckness and 
extent of the vadose zone 

Generally, water level elevations m the alluvium and the Upper HSU are highest during 
the spnng and lowest m the fall through wmter months The hydrograph from momtorlng 
location B208789 (Figure I1 3 3-38), located near North Walnut Creek in the northwestern 
comer of OU4, is an example of recharge to the alluvium during the spring Figure II 3 3-39 
shows the near-cyclic repetition of wettmg and drying for momtormg location P209789, located 
approxmately 200 feet east of SEP 207-B Center This hydrograph depicts proxmal spring 
alluvium recharge events and the subsequent summer through winter drying episodes. Figure 
I1 3 3-39 also depicts that these episodes are not umform III magmtude, duration, or periodicity 
These near-cyclic wetting and drymg episodes of the alluvium water table cause the water level 

fluctuations observed at OU4 and the varymg thlckness of the vadose zone 

11.3.3.5.1 Automated Alluvium Water Level Measurements 

One Hermit lOOOB@ and three Well Sentinel LTM 3000@ dataloggers equipped with 
pressure transducers were used to automatically measure and record water table elevations withm 
the alluvium Data logger measurements were programmed to automatically record alluvium 
water levels at four-hour intervals The purpose of the data collected at these locations was to 
evaluate the alluvium water table response to precipitation events Figure I1 3 3-40 presents 
locations and durations o f  momtormg at each well or piezometer equipped with automated data ' 0 29wpf 
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loggers and vented pressure transducers throughout the alluvium water level monitomg 
inveshgation 

Alluvium water level elevations at momtormg locations 2286, 2686, and 41193 were 
measured between March and October, 1993 Momtonng well 2286 is locatedjust south of the 
center portion of the southern berm around SEP 207-C, whle momtonng locahons 2686 and 
41193 are situated off the southeastern comer and northeast of SEP 207-A, respectively The 
data logger at momtoring location 3787 was also installed m late March, 1993 l h s  data logger 
was mcorrectly programmed and provided erroneous data Loggmg equipment from momtomg 
location 3787 was moved southeast approxmately 150 feet to momtomg well cluster P207689 
and P207789 on April 13, 1993, due to the abandonment of momtonng location 3787 under the 
Well Abandonment and Replacement Program (WARP) A vented transducer was installed in 
bedrock piezometer E07789 and attached to the data logger at nearby momtonng location 
P207689 to evaluate potential bedrock-alluvium water level fluctuations in h s  area The data 
logger malfunctioned and was removed on July 14, 1993 Surface-vented pressure transducers 
were used to alleviate the need to correct alluvium water level elevations for barometnc pressure 
variation 

Hydrographs of alluvium water level elevations collected usmg automated data loggers 
are presented on Figures I1 3 3-41 through I1 3 3-44 Daily precipitation data are also shown 
on these figures The precipitation data were obtamed from the WETS meteorological station 

, 

Generally, hydrographs for momtomg well 2286 and 2686, and piezometers 41 193 and 
P207689 (Figures I1 3 3 4 1  through I1 3 3 -44, respectively) show a spring wetting cycle fol- 

to precipitation events The hydrograph for momtomg location 41 193 (Figure I1 3 3-43) shows 
a continual decline and no apparent response to precipitation events Two penods of precipita- 
tion were specifically evaluated to determme if infiltration of precipitation occurs at OU4 

l @ 
I lowed by a drying period Only wells 2286,2686, and P207689 hydrographs appear to correlate 

11.3.3.5.2 Water Table Response to Precipitation 

Data obtained from the automated water level momtonng were used to evaluate potential 
water table responses to precipitauon m the alluvium TMl proposed usmg neutron probe data, 
lag tunes between precipitation events, and water table elevation fluctuations to identify the 
mechamsm of water movement through the vadose zone Precipitation data (inception tune, total 
precipitation, and duration), coupled with potential responses of the alluvium water table, were 
used to estunate vertical hydraulic conductivity for selected locations Site -specific precipitation 
data were obtained from WETS and are believed to be representative of OU4 site conditions 
Generally, momtoring well hydrographs 2286, 2686, 41193, and P207689 (Figures I1 3 3-41 
through I1 3 3-44, respectively) show water table elevation increases dunng spring precipitation 
events followed by a summer through fall drying period, resultmg m decreased water level 
elevations 
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Two penods of precipitatron were used to evaluate infiitration The first period e x d  
was March 26 through Apnl 17, when 2 3 mches of total precipitaQon were recorded Thts 
penod represents a senes of precipitation events that were often greater than 0 2 mches/day 
This first precipitation penod was preceded by a dry penod of low precipitation and frequency 
in February and early March, 1993 The second precipitabon penod evaluated was a threeday 
event that occurred between June 16 and June 18, 1993 Approxunately 1 6 inches of total 
precipitation fell rn three days, followed by approxunately one month of dry conditions These 
two precipitation periods were evaluated for momtonng wells 2286, 2686, and 41193 Water 
level data were not recorded at momtoring location €207689 during the first and second 
precipitation pen& due to data logger malfunctions, although the water table at P207689 ap- 
pears to increase approximately 0 5 feet in response to precipitation events occumng between 
May 9 and May 12, 1993 Because the fist  and the second precipitation penods occurred as 
several separate events, neither period is ideal for examimng the movement of wettmg fronts or 
estunatlng hydraulic conductivities 

~ 0 

For the first precipitation penod, alluvium water table elevations increased 1 2, 1 7,  and 
2 3 feet at momtonng wells 2286, 2686, and 41193, respectively These alluvium water table 
responses occurred following about 2 3 inches of total precipitabon between March 26 and Apnl 
17 At momtomg location 2286, the datalogger was not in operation until March 3 1 ,  so the 
water table elevation increase from the precipitaaon event that started on March 26 may have 
been larger than was recorded Although the datalogger was in place for momtoring location 
2686, the water table elevation shows no trend reversal associated with the first precipitation 
penod e 

Momtoring location 2286 (Figure I1 3 3-41) appears to be most sensitive to precipitation 
events, while piezometer 41193 (Figure I1 3 343)  is least sensitive Momtomg location 2286 
is installed in an area of clayey gravels to well-graded gravels with little fines, while piezometer 
41193 is mtalled III silty gravel 

If it is assumed that precipitation events cause the water table to rise, the hydraulic 
conductivity of the water-beanng stratum can be calculated usmg the lag tune between the 
inception of precipitation and the ntiation of water table nse Lag tunes could not be calculated 
between precipitanon onset and a possible water table response for 2286 and 2686 momtonng 
wells However, for 41193 there is a water table elevatron trend reversal for which a lag tune 
can be calculated The depth to the water table is approxunately 5 4 feet The lag tune between 
onset of precipitation of March 26, 1993, and the water table elevation reversal is approxunately 
4 days Assummg that this precipitation event caused the water table to rise, the hydraulic 
conductivity calculated is 4 8 X lo4 c d s  at this location 

A water table response to a precipitation event that occurred on June 17, 1993, was 
recorded at momtonng locations 2286 and 2686 The event produced 1 57 inches of precipita- 
tion in three days and appears to have offset declimng water level trends in both hydrographs 
Alluvium water level elevation increases of 1 08 feet and 0 23 feet were recorded in locations 
2286 and 2686, respectively These increases are smaller than the increases recorded during the 
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@ spmg precipitation event The lag tune between the start of the second precipimon event and 
the water table response appears to be approxmtely 8 hours at momtomg locauon 2286, and 
24 hours at locatron 2686 

As a result of the water table response to precipitation evaluations, three general 
mechamsms of infiltration and subsequent recharge of the alluvium are suggested 

a Umform areal infiltration through the vadose zone interstitial soil pore space, 

0 Rapid locallzed percolafion through macropores, and 

. Locallzed recharge occumng m lmited areas where runoff ponds in drainages or 
depressions 

Recharge at the site probably consists of a combination of these processes 

Generally, mterstitial flow is characterlzed as flow through intergranular pores withm the 
This flow mechamsm is descnbed by the &chard’s equation (see below) for soil m a m  

unsaturated flow in a porous medium, 

ae a aK 
at aZ aZ aZ  
- = - - (&) - _. 

where K is the hydraulic conductivity relative to the moisture content 8, t IS tme, \k IS the 
matric potential, and z is the vertical direction Rchard’s equation is analogous to Darcy’s 
equation for flow in a saturated porous medium 

Macropore flow occurs m matenals that have dual porosity Dual porosity can be viewed 
as a network of macropores withm a less permeable mterstitial soil matrrx Macropores may 
be represented by a wide vanety of soil structures, such as desiccation cracks, root channels, 
rodent holes, and manmade features 

Locallzed recharge may occur m areas where the hydraulic properties of the soil, such 
as hydraulic conductivity, and topography are more conducive to vertical movement These 
conditions may occur naturally or they may be due to manmade features such as drainage 
depressions, buned utilroes, or construction fill with hgh hydraulic conductivities Drainage 
depressions can collect more water than is provided through natural precipitation These 
depressions provide a potential reservoir of water that can infiltrate and recharge ground water 
Areas with buned utilities and construction fill can have higher hydraulic conductivities due to 
excavation and subsequent refilling with materials whose bulk density is less than the soils 
removed, or filled with gravel and sand that have a much higher hydraulic conductivity than the 
native material 
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Generally, recharge donmated by mterst~t~al flow through clayey sods would be 
charactenzed by relatwely long lag tunes between precipitation and water table responses, whrle 
macropore diltration would be charactenzed by shorter lag tunes Because of the low hydraulic 
conductivities at the site, macropore flow probably is the predominant recharge mechafllsm 

0 

The near-surface alluvium that governs mterstitial flow for momtormg locations 2286, 
2686, and 41 193 are sunilar, in that they are p m m l y  coarse-grained soils Although the soils 
are sunilar in texture, they are not representative of RFA throughout OU4 To a depth of the 
approxunate water table at momtonng locauon 2286, the alluvium is composed of clayey gravels 
to well-graded gravels with few fmes At momtonng locaQon 2686, the alluvium is composed 
of poorly-graded gravels to pootly-graded sands The alluvium at piezometer location 41193 
is composed of silty gravels to well-graded gravels 

Guelph permeameter field-saturated hydraulic conductivities 6,) for alluvial gravels 
slmilar to soils surrounding the data logger momtonng locations range from less than 1 0 x10“ 
to 1 1 x ~ O - ~  c d s  (Section I1 3 3 3 2) Laboratory measured Kfs values of RFA and associated 
soils have a broader range Usmg the Kf, geometrrc mean of 5 8 X 10” c d s  for the three 
sandy soil samples (Section 11 3 3 4 I), the calculated tune of amval for infiltrating precipitation 
ranges between two and ten hours, dependmg upon the water table depth Calculated 
infiltration travel tunes for the RFA clay- and silt-nch soils, using a K, geometric mean of 1 0 
X 10“ c d s  (Section I1 3 3 4 l), yields m v a l  tunes between about 2 and 7 years for infiltration 
to travel to depths of 2 and 7 ft  bgs Site-specific data indicate that water table responses to 
precipitation events range between 8 and 24 hours at the data logger momtonng locations The 
discrepancies between the calculated and the actual arrival tunes 1s probably accounted for by 
the heterogeneities present withm the RFA 

~ a 
If precipitation percolates on an areal basis through the vadose zone, as data suggest for 

the coarse-gramed alluvium at these momtonng locations, it should also infiltrate but at a much 
slower rate m the fine-gramed RFA 

Approxunately one-half of the neutron probes were mtalled in alluvium that generally 
is finer-gramed and has a lower hydraulic conductivity than materials surrounding the data 
logger momtoring locations Neutron moisture profiles obtamed approxunately one month after 
the second precipitation event showed no evidence of a downward-moving wetting front at any 
of the neutron monitoring locations Evidence of sigmficant wetting front movement was not 
observed at any of the neutron probe momtonng locations Detection of macropore flow with 
the neutron probe would have required essentially continuous momtonng to measure the 
anticipated rapid increase and decrease in moisture as the infiltration moved through the 
macropore 

11.3.3.5.3 Alluvium Water Level Measurements 

Alluvium water level elevations were collected at wells and piezometers within the OU4 
area between March 31, 1993 and September 20, 1993 Water level measurements are currently 
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momtored at most of the momtomg wells and piezometers m OU4 The purpose of collectmg 
additlonal alluvium water level data withm OU4 was to better determrne the thickness, 
codigurabon, extent, and fluctuations of the vadose zone than was previously evaluated using 
RCRA alluvium momtomg program data Three alluvium water level data sets compnse the 
1993 alluvium water level momtomg program for OU4 These data sets are the RCRA quarterly 
water levels, the automated water level measurements, and the additional manual alluvium water 
level elevations Th~s section will examine fluctuations m the alluvium water table using these 
data 

, 

Figure II 3 3-45 shows locations momtored durmg the 1993 alluvium water level 
momtormg program, and the alluvium and bedrock wells that were considered as part of the 
Upper HSU Histoncal and 1993 quarterly alluvium water level measurements from the RCRA 
alluvium momtormg program were also obtamed from WEDS Histoncal and 1993 alluvium 
water level elevatrons were mtegrated to produce long-term hydrographs Hydrographs and 
water level elevatron data for the alluvium water levels momtored in 1993 and composite histon- 
cal hydrographs are presented UI Appendix 11 T 

Alluvium water level elevations collected between March and October, 1993, demonstrate 
a water table fluctuation rangmg from a decrease of 9 4 feet to an increase of about 4 feet The 
maxunum decrease of 9 4  feet was measured at momtonng location 46293 which is 
approxmtely 200 feet north of SEP 207-A Here the spnng water table was 1 7 feet above 
ground level, mdicatmg artesian conditions The maxmum increase of about 4 feet was 
measured at momtonng location 46393 near the ITS m the northern buffer zone Not all wells 
and piezometers were monitored for the entire duration but their high and low water level vaIues 
are smilar to hstorical values ~ 

Figure I1 3 3-46 shows the distnbution of the ground water fluctuations recorded during 
the 1993 alluvium water level momtormg program Two areas of declinmg water level are 
depicted, one approxmately 200 feet east and one approxmately 200 feet north of the SEPs, 
where alluvium water level fluctuations of approxmately 6 and 9 feet occurred, respectively 
In the m e d i a t e  area of the SEPs, ground water fluctuations are relatively stable, generally 
fluctuatmg by about 3 feet or less 

In the ITS area, momtormg location 46393 increased m water elevation by approxunately 
4 feet This piezometer was the only one to show an mcreasing water level trend and suggests 
a locallzed source of recharge, perhaps a leakmg portion of the ITS This momtoring location 
is also in close proxunity to a mapped slump block scarp The scarp may also act as a localized 
pathway for alluvium waters Momtormg location 46393 was selectively positioned 
downgradient of an mterceptor dram to evaluate the effectiveness of the ITS 

Several areas were dry throughout the momtonng program, while other areas were ini- 
tially saturated and became dry during the summer Specifically, piezometer 41993 located just 
west of SEP 207-C was wet in March and dry in October Four of the five piezometers 
clustered approxmately 400 feet northeast of SEP 207-B North were continuously dry 
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throughout the momtormg period The ITS is assumed to be effective 111 d r a m g  these 
topographcally higher locations The only wet momtonng location of the five, piezometer 
44893, is situated m a bedrock low as depicted m refraction Seismic Line 7 Momtormg location 
44893 is wetter because flow may be occumng along a small bedrock paleo-channel identified 
on Line 7 

0 

Two other piezometers, 45593 and 46093, also were continuously dry dunng the 
momtonng penod Both piezometers are withm the PA and approximately 250 feet north of the 
SEPs These piezometers were mtalled as push well points and may provide questionable data 
since the well screen may have been smeared with clay dumg installatron Since the data from 
these piezometers are questionable, both piezometers are not considered in any of the ground 
water level maps. Table I1 3 3-20 provides a summary of the 1993 fluctuations recorded 

A companson of the water level fluctuations was made by dividing the water level 
fluctuation by its duration penod Th~s value represents the hydraulic conductivity of the soil 
111 the interval of the water table declme Although these values are assumed to be relative they 
are calculated over vmous tune penods wrthm the 1993 alluvium water level rnomtormg 
program and thus received slightly diffemg amounts of precipitation Some of the tune periods 
lasted the entire measurement penod whle other tune penods were early in the alluvium water 
level measurement penod, pnor to the well gong dry Despite these varying tune penods, most 
calculations were made dumg the imhal water level declme when most of the precipitation oc- 
curred, or were averaged over the majonty of the monitomg penod Most of the hydrographs 
appeared to decline at a umform rate (Appendix I1 T) 

@ 
Figure I1 3 3-47 depicts two zones of relatively high hydraulic conductivity These two 

zones nearly coincide with the maxunum fluctuation zones shown in Figure I1 3 3-46 The 
maxmum relative hydraulic conductivity is approxunately 8 2 x lo-’ cm/s at momtoring location 
45793 Momtormg location 45793 is approxunately 200 feet north of SEP 207-C The second 
zone is centered about the northeastern comer of SEP 207-B South and has a hydraulic 
conductivity of 3 1 x 10-5cds The central portion of the OU4 area, includmg most of the 
SEPs, in a trend from southwest to northeast, has relabve hydraulic conductnuties that are less 
than 1 0 x c d s  In the ITS area, alluvium water levels are controlled by the artificial 
drams, lmitmg the water level fluctuations Due to thrs artificial control, the relative hydraulic 
conductivities are less than 1 x c d s  (Figure I1 3 3-47) 

Several of the momtoring locations that were dry during the 1993 alluvium water level 
momtoring program are within the ITS area and are shown with hydraulic conductivities of zero 
which represents a dry momtoring location Additionally, the two push well points (45593 and 
46093) also are represented by zero hydraulic conductivity even though they are adjacent to the 
highest relative hydraulic conductivity area 
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II.3.3.5.4 Alluvium and Upper HSU Ground Water Hydrographs 

Manual alluvium and bedrock water level elevations made m 1993 are mcorporated with 
the RCRA hlstoncal water levels as hydrographs These hydrographs and the water level 
measurement data are presented m Appendrx I1 T A summary of the histoncal alluvium water 
level elevations, mcludmg 1993 elevations, are presented in Table I1 3 3-21 Table I1 3 3-21 
presents histoncal m m u m ,  maxmum, and average water level elevations and the range of 
water level fluctuations 

I 

Histoncal alluvium water level measurements exhibit water table fluctuations rangmg up 
to 9 4 feet, and an average of 2 5 feet, throughout OU4 The maxmum fluctuations of 9 4 and 
9 03 feet, were measured at momtomg locations 46293 and B208789, respectively MOmtOnng 
location 46293, discussed previously, is approxmately 200 feet north of SEP 207-A, while 
momtonng location B208789 IS approxmately 800 feet north of SEP 207-C m the buffer zone 
along North Walnut Creek The hlstoric mimums are represented by dry wells 

Momtomg locations P209989 and 76192 are both dry wells that are screened in fine- 
gramed soils Momtomg location P209989 is located approxmately 600 feet north of SEP 207- 
C withm the North Walnut Creek dramge and adjacent to the ITS Momtoring location 76192 
is located approxmately 800 feet east of SEP 207-B Center and outside the PA Other dry wells 
were mtalled m 1993, m a d y  withm the confines of the ITS 

Figure I1 3 3-48 shows the distnbution of the absolute magmtudes of the historical 
alluvium water level fluctuations These fluctuations are comparable with the 1993 alluvium 
water level fluctuations, although some of the historical magmtudes are slightly greater The 
greatest differences are withm the North Walnut Creek dramge basin Along North Walnut 
Creek, momtormg locaoons B208789 and 1386 have hlstoncal fluctuations of 9 03 and 7 4 feet, 
respectively Adjacent to SEP 207-A, momtomg location 2686 has a historical water level 
fluctuation 2 1 feet greater than the observed 1993 flucfuaoon of 0 8 feet Adjacent to the 207-B 
Senes SEPs, the hlstoncal water level fluctuation is about 8 1 feet Tlus fluctuation area is ap- 
proximately 200 feet east of SEP 207-B South At momtomg location 2286, just south of SEP 
207-C, the hlstoncal fluctuation is 5 8 feet and the 1993 fluctuation is 1 6 feet This fluctuation 
difference of 4 2 feet results m an additional high fluctuation area that did not appear on the 
1993 alluvium ground water fluctuation map (Figure I1 3 3-46) The highest fluctuation 
observed is 9 4 feet and is located approxmately 200 feet north of SEP 207-A With the histori- 
cal data included, a zero fluctuation area is projected beneath SEP 207-A This area is 
coincident with a bedrock hlgh underneath the central portion of SEP 207-A (Figure I1 3 5-6) 

~ a 
I 

I 11.3.3.5.5 Potentiometric Surfaces 

For the purposes of describing the OU4 water table configuration, spring and fall 1993 
potentiometric maps from Upper HSU elevation data were prepared (Figures I1 3 3-49 and 
I1 3 3-50) Water level data nearest the 15th of Apnl and the 15th of September 1993 were 
chosen for presentation, where possible Both maps reflect Upper HSU potentiometric surfaces ' 0 2 9 w p f  OU4 Proposed lMlIRA EA Decision Document 
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at these approxmte tunes Water level data used to prepare these maps were obtalned from 
the OU4 Phase I RFI/RI water level measurement program and water level data from the 
WEDS data base where appropnate 

a 

11.3.3.5.6 Water Table Fluctuations Adjacent to the SEPs 

To estunate water table fluctuations adjacent to the SEPs a comparison of the hlstorical 
alluvium maxunum and minunum water level elevations was conducted Figure I1 3 3-48 shows 

Figures I1 3 3-49 and I1 3 3-50 were generated usmg the above-mentioned water level 
data Figures I1 3 3-49 and 11 3 3-50 depict contoured areas where ground water is present and 
absent 111 the RFA The top of bedrock is considered the lower h i t  of ground water m the 
W A  These areas are depicted as “dry alluvium” whch 1s designated by a stipple pattern, and 
“saturated alluvium” whxh shows potenbometnc contours The dry alluvium areas were 
calculated by mtersectlng the Upper HSU potentiornetnc map surface with the top of bedrock 
surface The dry alluvium areas represent areas where the Upper HSU water table elevaoon is 
below the top of bedrock Alluvium wells that were dry dumg these penods occur withm these 
dry alluvium areas The mtervemng saturated alluvium areas are approxunately coincident with 
the paleotopographlc channels present on the bedrock surface and represent areas where ground 
water probably is flowing m the RFA 

Figure I1 3 3-49 depicts the Apnl 1993 Upper HSU potentiornetnc surface for OU4 
Aprll 1993 was selected to represent the hgh water table, even though maxlmum water table 
elevations were not necessmly recorded m all wells dunng that penod Slmilarly, a low water 
table map is presented as Figure 11 3 3-50, and reflects the Upper HSU potentiometric surface 
for September 1993 Figure I1 3 3-50 was selected to represent the low water table, however, 
all wells did not exhlbit the lowest water table elevation dunng that penod The major 
difference between the A p d  and September 1993 potentiometric surfaces is that the extent of 
dry alluvium areas are larger in September because the ground water typically are about 3 to 5 
feet lower in the fall 

’ 0 
Both figures (Figures I1 3 3-49 and I1 3 3-50) show a slmilar configuration to the 

potentiornetnc surface OU4 is situated on the crest of a ground water divide that directs ground 
water flow to the north, east, and south Ground water flows generally north-northeast toward 
North Walnut Creek, and east toward the confluence of North and South Walnut Creeks Durmg 
hlgh water levels m the spmg, ground water elevations range from about 5965 ft  msl beneath 
the SEPS to about 5837 ft  msl along the lower reaches of North Walnut Creek Sunilar ranges 
in ground water level elevations are present dumg September (Figure I1 3 3-50), but the 
elevations average about 3 to 5 feet less 

The Apnl and September 1993 potentiornetnc maps are consistent in water level elevation 
with the 1992 RCRA alluvium water level maps (DOE, 1992) for the second and third quarters 
However, the prunary difference between these maps and the RCRA maps occurs in the 
interpretation of the dry alluvium areas and the areas of channelized alluvium ground water flow 



the results of these compamons. Generally, most of the wells and piezometers adjacent to the 
SEPs have only been momtored smce 1989, thus the fluctuations do not represent the extremes 
that may have occurred d m g  the 0peratr0~1 life of the SEPs 

0 
I As Figure II.3 3-48 depicts, in the area adjacent to the SEPs, an approxmate 6-foot 

water level fluctuation rn the alluvium water table is common, with a maxmum fluctuation of 
approxunately 9 feet These larger fluctuations may not be representative of fluctuations that 
might occur under the SEPs, but are locallzed anomalies outside of the SEP areas The least 
amount of alluvium water table fluctuauon 1s at the southern ends of SEPs 207-A and 207-B 
South, where less than 3 feet of fluctuauon is common In thu area, the maxmum fluctuation 
is 4 2 feet and it occurs at momtormg well 3787 on the eastern berm of SEP 207-B South 

SEP 207-A 

Surroundmg SEP 207-A piezometers 41693, 42993, 43893, and 43993, have alluvium 
water level fluctuations of 0 4, 1 9, 1 4 and 1 4 feet, respectively Piezometer 41693 is 100 feet 
south of the northeastern comer, 42993 is on the western side, 43893 is adjacent to the 
southwestern comer, and 43993 is adjacent to the southeastern comer of SEP 207-A 
Combmg these fluctuauon values with nearby histoncal fluctuations generates a decreasmg 
trend surface toward the center of SEP 207-A because of the lack of well control in this area 
Although depicted as a null fluctuation area m the center of SEP 207-A, this area may fluctuate 
by 2-to-3 feet as does momtormg well 2686 on the southeastern comer of SEP 207-A At the 
southern end of SEP 207-A at piezometer 43893, the maxlmum alluvium ground water elevation 
is also projected to be withm 4 feet of the base of the SEP liner ' 0 

I SEPs 207-B North, Center, and South 

M i m u m  depths to the water table beneath the SEPs were estmated and the results are 
listed m Table I1 3 3-22 M~mmum Upper HSU water table depth occurs beneath the 
southwestern comer of SEP 207-B South where! the ground water table is at the base of the SEP 
lmer, whle at the southern end of SEP 207-B South at momtormg well 3887, the maxmum 
alluvium ground water elevauon is 0 7 feet hlgher than the base of the SEP liner Water levels 
beneath SEPs 207-B Center and North are about 5 feet below the base of the lmer 

I 

SEP 207-C 

The maxmum Upper HSU water table depth occurs beneath the northern portion of SEP 
207-C where the water table is as much as 20 feet, or more, below the bottom of the SEP 
South of SEP 207-C histoncal alluvium fluctuatlons of 5 8 feet are found in monitoring location 
2286 This value is smilar to Arapahoe Sandstone water level fluctuations found in momtonng 
locations 41993 and 42393 on the western side of SEP 207-A Llmited well control around SEP 

I 207-C limits the accuracy of the water depth prediction in the area 
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Beneath the northern porhon of SEP 207-C, The Arapahoe Sandstone subcrops and 
effectively desaturates the RFA Piezometers 41993 and 42393 on the western side of SEP 207- 
C c o n f i i  that the water table occurs within the sandstone at a maxmum elevation of 
approxmately 5,972 ft msl or a projected depth of about 6 feet beneath the pond liner South 
of SEP 207-C, at momtonng well 2286, the maxmum alluvium water table elevation is 
projected to be withln 4 feet of the base of the pond liner 

' a 
I 

Effect of Draining SEP 207-A 

An evaluation of the historical alluvium and bedrock hydrographs was conducted to deter- 
mine if alluvium water levels have been affected by the draimng of SEP 207-A in 1992, or if 
the fluctuations were typical for the site The closest wells with histoncal alluvium water level 
data to SEP 207-A were evaluated The hydrograph for alluvium monitoring well 2686, located 
near the southeastern comer of SEP 207-A, shows no effects of SEP 207-A being drained 
Although its maxmum ground water elevation in 1993 was less than in 1992, it is still higher 
than m previous years 1988, 1989, and 1991 The m m u m  ground water elevation value for 
the wmter of 1992-1993 is smilar to the elevation observed durlng the 1990-1991 winter 
Alluvium momtomg well 3887, situated south of SEP 207-B South, also shows no effects from 
the d r a m g  of SEP 207-A The closest wells with hlstoncal bedrock water level data to SEP 
207-A were evaluated The hydrographs for bedrock momtonng wells P208989, P209889, and 
3086, located near the northeastern comer of SEP 207-A, shows an additional one-half foot 
lower water elevation since SEP 207-A was drained Momtonng well P208889, located near 
the northeastem comer of SEP 207-B North, also shows about one-half foot lower water 
elevation These downgradient wells may be reflecting the effects of draimng SEP 207-A 
Water table fluctuations from upgradient bedrock momtonng wells P210189, P209189, and 
P209389 are all withrn their histoncal vanations 

, 

1 0 
II.3.3.5.7 Vadose Zone Thickness 

To understand the range of vadose zone hckness across the OU4 site, the m i m u m  
tluclcness of the vadose zone at OU4 was estmated by subtractmg the maxmum Upper HSU 
potentiometric map from the 1986 topographc map The resultmg isopach map is depicted in 
Figure I1 3 3-51 Sumlarly, the maxmum vadose zone hckness was estmated by subtracting 
the m m u m  Upper HSU potentiometnc surface from the 1986 topographc map to produce the 
isopach map shown in Figure I1 3 3-52 Both vadose zone isopach maps identified areas that 
are charactellzed by very thm vadose zones around the SEPs and thicker areas within the North 
Walnut Creek dramage 

Figure I1 3 3-51 depicts the m i m u m  thickness of the vadose zone During maxmum 
Upper HSU water table conditions, vadose zone thickness ranges from approxmately zero, at 
seep locations and beneath the southwestern comer of SEP 207-B South, to greater than 20 feet 
Potential seeps occur north of SEP 207-A and 207-C, 207-B North, east of SEP 207-B Center 
and along portions of North Walnut Creek Thick vadose zone areas occur at the northern edge 
of SEPs 207-A and 207-C, and approxmately 500 feet north of SEP 207-A 
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Figure I13.3-52 depicts the maxunum vadose zone thxkness d m g  low water table LU 
the Upper HSU Vadose zone th&ness ranges from approxlmately zero to greater than 25 feet 
Thm vadose zone areas and seeps wcur m the vicimty of piezometer 46293, approxwtely 200 
feet north of SEP 207-A, near piezometer 41993 approxmtely 50 feet west of SEP 207-C, and 
near momtonng well B208089 approximately 500 feet northeast of SEP 207-B North 'Ruck 
vadose zones areas occur at the northern edge of SEPs 207-A and 207-C, and approxlmateiy 500 
feet north of SEP 207-A 

@ 

11.3.3.6 Chemical Properties of the Vadose Zone 

Chemical properties of the vadose zone were characterlzed to allow a determmaaon of 
the distribution of potential contaminants in the RFA and associated soils and pore water. the 
ability of the vadose zone sods to retard contaminant movement, and to support nsk assessment 
activities The distnbuhon of contammnts in vadose zone soils is presented 111 Section II 3 3 4 
Discussion of chermcal parameters, such as cation exchange capacity, and the results of pore 
water analyses are discussed below 

II.3.3.6.1 Cation Exchange Capacity (CEC) 

Cation exchange is the mterchange between a cation in solution and another cation on the 
surface of any surface-active material Cation exchange in most soils occurs on clay murzrals 
and orgamc matter Cahon exchange capacity (CEC) is a laboratory measure of the sum total 
of exchangeable cations that a soil can adsorb CEC is expressed in umts of rmlliequivalems per 

Clays have a hlghly vanable CEC, ranging from less than 10 for oxide clays to over 100 
for 2 1 clays (swellmg clays), such as montmorillomte The amounts and kmds of canons 
adsorbed are sigmficantly affected by cation valence and hydrated iomc radius Cations with 
a greater valence are adsorbed more strongly than cations of a lower valence A cation wrth the 
smallest hydrated iomc radius is more strongly adsorbed For some of the more common 
exchangeable cations, the cation replaceability series is usually A1 > Ca > Mg > K > Na 
Table I1 3 3-23 shows the range of CEC values presented in the literature for selected c l a ~  and 
oxide mmerals 

CEC was determlned for 25 RFA soil and bedrock samples using EPA Method 9081A 
(EPA, 1990) Method 9081A is applicable to most soil and rock materials, lncludlng calcareous 
and noncalcareous soils In Method 9081A, a soil sample is mlxed with an excess of sodun 
acetate solution, resulting in an exchange of the added sodium ions for the soil matrtx canons 
Subsequently, the sample is washed with isopropyl alcohol An ammomum acetate solumn is 
then added, which replaces the adsorbed sodium with ammomum The concentrahon of 
displaced sodium is then determined by atomic adsorption, emission spectroscopy, (H an 
equivalent analytical method 
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The results of the CEC determmQons are presented 111 Table I1 3 3-24. The results are 
reported m milliequivalents sodium per 100 grams (meq Nd100g) of soil Sods from the RFA 
exhlbit CEC values between 2 and 66 meq Nd100g The average CEC for these materials IS 

30 meq Nd100g Soils from the bedrock strata exhlbit CEC values between 13 and 51 meq 
Nd100g The average CEC for these matenals is about 39 meq Nd100g The lowest CEC 
values measured were from sandy soil or rock types In a recent EPA document (EPA, 1992), 
CEC ranges were quantitatively defined as follows 

CEC Range Description 

< 12 LOW 

12 - 20 Medium 

(meq Nd100g soil) 

> 20 High 

Using the EPA classification presented above, the CEC of most of the soil and bedrock 
lithologies analyzed during this investigation can be categorued as hgh Because of the hgh 
CEC, the RFA and associated soils beneath the SEPs have a hgh capacity to sorb and retard 
cation movement Sxnce the total orgamc carbon (TOC) content (Section I1 3 3 6 3) of the RFA 
and associated soils is generally low, CEC is probably associated with the clay mineral fraction 
of the soils A companson of the RFA soil CEC values with those presented in Table I1 3 3-23 
suggests that the predommnt clay mmeral 111 the RFA is illite 

Figure I1 3 3-53 shows CEC versus depth bgs No apparent relationship exists between 
CEC and depth since CEC exhibits a wide range of values at shallow depths Figure I1 3 3-54 
is a graph showing the relationshp between CEC and clay content CEC appears to be directly 
related to clay content as anticipated Thxs figure also suggests that the clays present in the RFA 
sorb more strongly per volume percent than the clays compnsing the bedrock lithologies 
However, bedrock lithologies appear to be slightly more sorptive on average than the RFA 

11.3.3.6.2 Soil Electrical Conductivity 

Soil electrical conductivity (EC) is a measure of the total saltlsolute content of a soil 
sample EC is the ratio of the electncal current density to the elecmcal field in the soil and is 
expressed as milligrams of potassium chlonde per kilogram of soil (mg KCl/kg soil) Soil EC, 
total iomc concentration, and osmotic pressure are positively correlated and can be related to 
important effects on soil properties 
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EC has been quantmtwely charactemxi by the EPA (1992) as follows- 

Electrical Conductivity Description 
(percent total salt content) 

< 0 1 %  Nonsalxne 

0 1 % - 0 1 5 %  Slightly Salme 

0 15 % - 0 35 % 

0 3 5  % - 0 7 0  % 

Moderately Salme 

Very Salme 

> 0 7 0 %  Extremely Salme 

Electncal conductivity (EC) was determined for the 25 soil and bedrock samples selected 
for chemical properties analysis EC was determmed using a 1 1 soil/water extract as presented 
in Rhoades (1986) The results of  the EC determmtions are presented in Table I1 3 3-24 Soils 
from the RFA e ~ b i t  EC values between 57 and 8600 mg KCl/kg soil (0 01 % and 0 86% total 
salt as KCl) The average EC for these matenals is 1559 mg KCl/kg soil (0 16% total salt as 
KCl) EC values in this range are representative of nonsalme to extremely saline soils (EPA, 
1992) Average EC value for RFA and associated soils are representative of moderately saline 
conditions at OU4 

Soils from the bedrock strata exhibit EC values between 130 and 3100 mg KCl/kg soil 
(0 01% and 0 31% total salt as KCl) The average EC for these materials is about 1681 mg 
KCl/kg soil (0 17% total salt as KCl) EC values in th~s range are representative of nonsaline 
to moderately salme soils (EPA, 1992) Average EC value for RFA and associated soils are 
representative of  moderately saline conditions Figure I1 3 3-55, a graph of EC versus depth 
bgs, suggests that EC does not vary with depth, but does indicate that bedrock lithologies 
typically have a lugher salt content than the RFA 

' 

11.3.3.6.3 Total Organic Carbon (TOC) 

Total Orgmc Carbon (TOC) is natural material of  plant or a m a l  ongin that decays in 
the soil to form humus Humus and other orgamc carbon matenals are an Important component 
of soils and rocks because of their high sorptive capacity wluch retards potential contammnt 
movement TOC concentrations are characterized by the EPA (1992) as follows 

Total Organic Content Description 
(percent) 

< 2 %  Sparse 

2 % - 4 %  Moderate 

> 4 %  Abundant 
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Total orgamc carbon was deterrmned for the 25 soil and bedrock samples selected for 
chemcal properties analysis The results of the TOC analyses are presented m Table 11 3 3-24 
in parts per mlllion (ppm) TOC was d e t e d  usmg ASTM Method D2579-85 Soils from 
the RFA exhlbit TOC values between 0 01 and 1 40 percent The average TOC for these 
matenals is 0 46 percent Soils from the bedrock strata exhlbit TOC values between 0 03 and 
0 21 percent The average TOC for these matenals 1s about 0 09 percent RFA and associated 
soils typically have hgher concentrations of TOC than bedrock lithologies, however, both umts 
are classified as having sparse TOC concentrabons accordmg the EPA classification presented 
above 

0 
I 

Figures I1 3 3-56 through I1 3 3-58 show the relationshp between TOC and depth, clay 
content, and CEC, respectively No apparent relationshp exists between TOC and depth bgs 
However, these figures indicate that TOC concentrabons in the RFA is greater than bedrock 
lithologies A correlabon 
between clay content and TOC content may be present for bedrock lithologies This correlation 
may be expected smce higher clay contents in the Arapahoe Formation indicates deposition 111 
a quiet envlronment where orgamc carbon could accumulate more readily The Arapahoe 
Formation is known to contain small coal seams 

TOC concentrabons do not vary with clay content in the RFA 

Figure I1 3 3-58 suggests that CEC and TOC are duectly related smce an mcrease rn 
Tlus TOC concentration for both the RFA and bedrock lithologies results m a hlgher CEC 

relationshp is expected smce the total CEC of soils is related to sorption on mineral species as 
well as orgamc carbon , @ 
11.3.3.6.4 Soil Gas Survey 

A soil gas survey was prunmly conducted in the vicimty of SEP 207-C to determme if 
volatile orgamc constituents are present m the subsurface The results of the soil gas survey are 
presented m Table I1 3 3-25 Figure 11 3 3-59 shows the location of the soil gas samplmg 
locations Results of the survey mcluded detecbon of carbon tetrachlonde at four locations, 
trichloroethene (TCE) at one location, and perchloroethene (PCE) at one location The 
concentrations of TCE and PCE detected were less than one mcrogram per liter (pg/L) Carbon 
tetrachloride was detected at concentrabons up to 2 4 pg/L The locations where these 
compounds were detected generally overlie an area where these constituents have been detected 
in ground water The VOCs detected do not appear to be sourced from the SEPs, since VOCs 
generally were not detected in the vadose zone soil laboratory analyses 

11.3.3.6.5 Pore Water Analyses 

Pore waters were collected from single and dual lysuneters installed in the vadose zone 
at 15 locations in OU4 The locations of the lysuneters are shown on Figure I1 3 3-60 The 
suite of parameters analyzed during each samplmg round vaned dependmg upon the quantity of 
pore water obtained during sampling Analysis of constituents was priontlzed accordmg to the 
priority analyte list presented in w1, and listed in Table I1 3 3-26 
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Summanes of the results of pore water field analyses are presented rn Table II 3 3-27 
Results of the chemcal parameter classes are presented m Tables 3 3-28 through 3 3-32 Pore 
water results for some of the PCOCs and other parameters are shown on Figures I1 3 3-61 
through I1 3 3-71 The constment maps presented rn these figures and m the followrng 
discussion mclude both PCOCs and other constituents The data are summanzed on these 
figures using the concentration mean and range detected dunng the six-month lysuneter samplmg 
program The data discussions presented below included only validated results The complete 
suite of lysuneter pore water analytical results is presented rn Appendix 11 V 

Pore water samples from some of the lysuneters were not obtained because the location 
was dry or because the lysuneter was damaged Pore water samples were never obtamed from 
locations 40293 and 40593 The lower lysuneter at location 44093 was apparently damaged 
dunng installation and was not sampled The lower lysuneter at location 40993 appears to be 
completed in the saturated zone and the pore water samples obtained represent a measure of 
ground water quality at that location 

Numerous chemical constituents were detected 111 the pore water samples However, the 
following discussion is lunited to the vadose zone soil PCOCs that were found in the pore water 
samples Since regulatory standards are not available for pore waters, the pore water constituent 
concentrations were compared with the background RFA ground water quality data established 
for WETS The pore water data were compared to the 99 percent UTL established in the 
Background Geochemical Charactemtion Report (EG&G, 1993) Figures I1 3 3-61 through 
I1 3 3-71 show the mean and range of concentrations of the PCOC constituents The figure 
also indicates the number of samples used to calculate the mean and the number of samples 
comprising the range The mean is calculated using only concentrations above the detection 
llmlt 

@ 

Barium 

Banum was detected 111 both the upper and lower lysuneter pore water samples Bmum 
was also detected in the laboratory method blank and may reflect laboratory contammation 
Banum concentrations 111 the upper lysmeter pore waters ranged between not detected and 1,470 
pg/L Concentrations of barrum 111 the lower lysuneter pore waters ranged between not detected 
and 976 pg/L The lughest concentration of banum was detected in the upper lysuneter at 
location 43693 and 111 the lower lysuneter at location 43193 Pore waters from the upper 
lysimeters at 40993, 43193, and 43693 exceeded the 99 percent UTL of 208 pg/L for 
background RFA ground water Pore water samples from the lower lysimeters at 40993 and 
43 193 exceeded the 99 percent UTL of 208 pg/L Pore water from the lower lysuneter at 40993 
probably represents ground water quality smce the lysuneter appears to be installed in the 
saturated zone Figure I1 3 3-61 shows the mean and range of banum concentrations in vadose 
zone pore waters 
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The distnbubon of cadrmum m vadose zone pore waters is lunited Cadmium was only 
detected m the upper lysmeter at location 41593 and m the lower lysuneter at location 43193 
Cadmium concentrahons in the upper lysuneters ranged between not detected and 53 9 pg/L 
Cadmium in the lower lysuneters ranged between not detected and 23 6 pg/L Cadmium was 
detected m the upper lysmeter at locabon 41593 (beneath SFP 207-A) at a concentrahon of 54 
pg/L Cadmium was detected m the lower lysuneter at location 43193 at a concentrahon of 6 
pg/L A 99 percent UTL has not been developed for cadrmum in RFA ground water Figure 
I1 3 3-62 shows the mean and range of cadmium concentrabons m vadose zone pore waters 

Lithium 

LithIum is found in both the upper and lower lysuneters, however, its distnbution is 
lmited to lysmeters located beneath SEP 207-A LithIum was also found in the laboratory 
method blank and may result from laboratory contammation Lithium concentrations in the 
upper lysmeters ranged between not detected and 2,710 pg/L The lughest lithium 
concentrations m the upper lysmeters were observed at locations 41593, 43193, and 43693 
which are located beneath SEP 207-A Lithium concentrations m the lower lysmeters ranged 
between not detected and 990 pg/L The highest concentrations were observed m lower 
lysmeters 42493 and 43193 These lysuneters are also located beneath SEP 207-A None of 
pore waters exceeded the 99 percent UTL of 76 pg/L for background RFA ground water 
Figure I1 3 3-63 shows the mean and range of IithIum concentrations in vadose zone pore waters (I) 

Zmc is found in both the upper and lower lysmeters at locations generally beneath SEP 
207-A Zmc concentrations m the upper lysmeters ranged between not detected and 106 pg/L 
The hlghest zmc concentrations m the upper lysuneters occurred at locations 41593,43693, and 
43793 The locations are either under or adjacent to SEP 207-A Zmc concentrations in the 
lower lysuneters ranged between not detected and 51 3 pg/L The lughest zmc concentrations 
in the lower lysmeters occurred at locahons 40993,43 193, and 43793 Lower lysuneter 40993 
appears to be mtalled ~fl the saturated zone and the pore water quality probably is representative 
of ground water quality None of the zmc concentrations exceeded the 99 percent UTL of 245 
pg/L for background RFA ground water Figure I1 3 3-64 shows the mean and range of zinc 
concentrations in vadose zone pore waters 

Nitrate/Nitnte 

Nitratelmtnte is probably the most widely distnbuted contaminant in the vadose zone at 
OU4 Samples of pore water were most frequently analyzed for mtratehtnte during the 
sampling events since it was selected as the fvst pnonty analyte Nitrate/mtrite was analyzed 
for as many as five samplmg events at some locations Figure I1 3 3-65 shows both the mean 
and range of mtratelmtrrte concentrations detected at each lysmeter location In general, 
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mtrate/mtr~te concentrahons are hghest for pore waters from both the upper and lower lysuneter 
locahons adjacent to or beneath the SEPs 0 

The maxmm concentrahon of mtrate/mtnte detected m pore water from the upper 
lysuneter locabons was at location 43693 The maxunum concentrabon detected at that location 
was 4,446 milligrams per liter (mg/L or parts per million [ppm]) and averaged 3,317 mg/L 
Sundar concentrabons also were detected at upper lysuneter locations 40993 and 41593 
Lysuneters 41593 and 43693 are completed beneath SEP 207-A Upper lysuneter 40993 is 
completed adjacent to the berm on the northern side of SEP 207-C 

Nitrate/mtnte concentrabons m lower lysimeter pore waters are hghest at location 43 193 
where concentrations range up to 1,340 mg/L and average 1,190 mg/L Lower lysuneter 40993 
has an average mtrate/mtnte concentration of 12,770 mg/L, and ranges between not detected and 
17,600 mg/L As mentioned above, thls lysuneter is completed in the saturated zone and the 
sample probably is a measure of ground water quality 

Many of the upper and lower lysuneters exceeded the 99 percent UTL of 3 2 mg/L for 
background RFA ground water Concentrations exceedmg the 99 percent UTL for nitratehtnte 
were anticipated for the pore waters because of the hgh solubility of these compounds 
Concentrations of mtratelmtnte 111 vadose zone soils and pore waters are slmilar, which suggests 
that the mtrate/mtrite is pmanly contamed 111 the soil moisture 

@ Gross AlDha 

Gross alpha was detected at seven of the lyslmeter locations Gross alpha activities in 
the upper lyslmeter pore waters ranged between notdetected and 3,329 picocunes per liter 
(pCi/L) Upper lysuneter 43693 exhlbited the highest gross alpha activity of 3,329 pCi/L The 
gross alpha activity m pore waters from five of the upper lysuneters (40993, 41593, 43193, 
43693 and 43793) exceeded the 99 percent UTL of 13 3 pCi/l for background RFA ground 
water All of these lysuneters are located beneath or adjacent to the SEPs 

Gross alpha acbvity m pore waters from the lower lyslmeters ranged between not 
detected and 6,300 pCdL Lower lysuneter 40993 exlubited the highest gross alpha activity of 
6,300 pCdL Pore water from this location probably represents a measure of ground water 
quality Gross alpha acbvity in pore water from the lower lyslmeters at 40993, 42493 and 
43193 exceeded the 99 percent UTL of 13 3 pCdL for background RFA ground water 
Lysimeter 40993 is located north of SEP 207-C and lyslmeters 42493 and 43193 are located 
beneath SEP 207-A Figure I1 3 3-66 shows the mean and range of gross alpha activities in 
vadose zone pore waters 

Gross Beta 

Gross beta activity was detected at rune of the lysuneter locations Gross beta activities 
in upper lysimeter pore waters ranged between not detected and 1,925 pCi/L Upper lysuneter 
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43693 exhrbited the hghest gross beta activity of 1,925 pCdL Gross beta activity in pore water 
from upper lysuneters at 40993, 41293, 41593, 43193, 43693 and 43793 exceeded the 99 
percent UTL of 15 5 pCdL for background RFA ground water These lysuneters are located 
adjacent to or beneath the SEps 

Gross beta activity in pore waters from the lower lysuneters ranged between about 8 and 
5,400 pCdL Lower lysuneter 40993 exhlbited the hghest gross beta activity of 5,400 pCi/L 
Pore water from this locahon probably represents ground water quality Gross beta activity in 
pore water from lower lyslmeters at 40993, 42493, 43193 and 43793 exceeded the 99 percent 
UTL of 15 5 pCdL for background RFA ground water Lysuneter 40993 is located north of 
SEP 207-C, the other lysuneters are located beneath SEP 207-A Figure I1 3 3-67 shows the 
mean and range of gross beta actwities in vadose zone pore waters 

Tntium 

Tntium was detected at three of the lysuneter locations (40993, 43193, and 43793) 
Tntium activity m the upper lyslmeter pore waters ranged between not detected and 6,318 
pCdL Tntium activities generally are highest for pore waters from upper lysuneter locations 
Upper lysuneters 40993, 41593, and 43693 exhlbited tnbum activities of 2,000 pCi/L, 2,163 
pCdL, and 6,318 pCdL, respecbvely Tntium activity m pore water from upper lysimeters at 
40993, 41293, 41593, 43193,43693, and 43793 exceeded the 99 percent UTL of 1,387 pCi/L 
for background RFA ground water 

Tritium was detected in pore water at lower lysuneters 40993, 43 193, and 43793 The 
range of tritium activity is between not detected and 5,600 pCi/l Lower lysuneter 43193 
e*bits the hghest tntium activity of 5,600 pCi/L Tntium activity in pore water from lower 
lysuneters at 40993, 42493, 43193, and 43793 exceed the 99 percent UTL of 1,387 pCi/L for 
background RFA ground water Lysuneter 40993 is located north of SEP 207-C, the other 
lyslmeters are located beneath SEP 207-A Figure I1 3 3-68 shows the mean and range of 
tntium activities m vadose zone pore waters 

Uramum-233/234 

Uramum-233/234 was detected at both the upper and lower lysmeters Uramum-233/234 
was also detected in the laboratory method blank Elevated uramum-233/234 activities generally 
occurred beneath or adjacent to the SEPs Uramum-233/234 activities in the upper lysuneters 
ranged between 0 11 and 733 pCdL The lughest activity occurred in pore water from lysuneter 
43693 Uramum-233/234 activity in pore water from upper lysuneters at 41593,42893,43193, 
43693, 43793, and 44393 exceeded the 99 percent UTL of 2 83 pCi/L for background RFA 
ground water 

Uramum-233/234 activihes m the lower lysuneters ranged between 0 48 pCi/L and 3,400 
pCi/L The lughest activity 3,400 pCi/L occurred at location 40993 Pore water from the lower 
lysuneter at 40993 may represent ground water quality at that location Uramum-233/234 

29 wpf OU4 Proposed IM/IRA EA Decision Document 
I1 3-73 February 10 1995 



actwity m pore water from lower lysmeters at 40993, 42493, and 43193 exceeded the 99 
percent UTL of 2 83 pCdL for background RFA ground water Figure I1 3 3-69 shows the 
mean and range of umum-233/234 activities in vadose zone pore waters 

Umum-235 was detected in pore water from both the upper and lower lysuneters 
Urmm-235 was also detected m the laboratory method blank Urmum-235 activities in pore 
water from the upper lysuneters ranged between not detected and 47 pCi/L The highest 
uramum-235 actwity occurred at upper lysuneter 43693 which is situated beneath SEP 207-A 
U m m - 2 3 5  activity in pore water from upper lysmeters at 41593 and 43693 exceed the 99 
percent UTL of 2 83 pCdL for background RFA ground water 

Urmum-235 activities in pore water from the lower lysuneters ranged between 0 18 and 
120 pCi/l The hghest activity occurred at location 40993 which is a lysuneter completed in 
the saturated zone Pore water from this 
location probably is a measure of ground water quality Uramum-235 activity in pore water 
from lower lysuneters at 40993,42493, and 43 193 exceeded the 99 percent UTL of 2 83 pCi/L 
for background RFA ground water Figure I1 3 3-70 shows the mean and range of uramum-235 
actmties in vadose zone pore waters 

Lysuneter 40993 is located north of SEP 207-C 

Uramum-238 m Uramum-238 was detected in pore water from both the upper and lower lyslmeters 
Uramum-238 was also detected in the laboratory method blank Uihum-238 activities in pore 
water from the upper lysuneter locations ranged between 0 075 pCi/L and 671 pCi/L The 
highest activity occurred at locations 41593 and 43693 Both of these lysuneters are completed 
beneath SEP 207-A Uramum-238 activity 111 pore water from upper lysuneters at 41593, 
42893, 43193, 43693, and 43793 exceeded the 99 percent UTL of 2 83 pCi/L for background 
RFA ground water 

Urmum-238 activities m pore water from the lower lysuneters ranged between 0 57 and 
3,700 pCdL The hghest activity occurred at locations 40993, 42493, and 43193 Lysuneter 
40993 is located north of SEP 207-C and is completed in the saturated zone Lysuneters 42493 
and 43693 are located beneath SEP 207-A Urmum-238 activity in pore water from lower 
lysuneters at 40993, 42493, and 43193 exceeded the 99 percent UTL of 2 83 pCi/L, for 
background RFA ground water Figure I1 3 3-71 shows the mean and range of uramum-238 
activities in vadose zone pore waters 

I 11.3.3.6.6 Column Leaching Tests 

In order to assess contaminant partitiomng between soil and water under controlled, 
laboratory conditions, column leaching tests were conducted usmg contaminated soils from OU4 
to assess the mobility of mtrate, and to estunate the relative volume of infiltrating water required 
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to flush h s  relatlvely moblle contarmnant from soils Nlne samples of surface and RFA and 
associated soils were collected from beneath SEP 207-A and from downgradient seepage areas 
for use in these column leachmg tests One additional sample of 16-40 mesh Colorado silica 
sand was used as a blank column 

Soil samples were disaggregated and packed mto PVC cylinders to enable a leachmg 
solution to flow through the samples under pressure Leachate was subsequently collected for 
analysis Column leachmg tests were conducted by Core Laboratories, Inc of Aurora, Colorado 
based on ASTM Method D4874 - Standard Test Method for Leaching Solid Waste in a Column 
Apparatus Leachlng solutions were designed to approxunate the composition of ramwater, 
thereby sunulatmg natural infiltration conditions Ten pore volumes were collected from seven 
of the 10 columns and analyzed Water flow through three of the columns was lunited because 
of the low soil hydraulic conductivities or possibly bactenal growth in the columns 

Leachate was analyzed for mtrate, as well as pH, specific conductance, and major cations 
and mons Flow rates through the columns were anticipated to be equivalent to approxunately 
10 cdday  Permeability changes in many of the columns prohibited attainmg flow rates of this 
magmtude, however, resultmg in lower flow rates and longer test durations than anticipated 
As a result, testmg of three of the columns was terminated pnor to collection of the planned 10 
pore volumes Test methodology, results, and conclusions are discussed in detail below 

Column Leaching Test Method 

Nine soil samples were collected in stainless steel core sleeves from the OU4 area for 
use in the column leaching tests A description of the samples collected is provided in Table 
I1 3 3-33 SIX samples were collected from bonngs penetrating the vadose zone beneath SEP 
207-A Three samples were collected from seepage areas on the hillside located north of SEP 
207-A One sample of 16-40 mesh Colorado silica sand, routmely used at WETS as sand filter 
pack m momtormg well and piezometer mstallabons, was submitted for construction of a blank 
column 

Column leachmg tests were conducted in accordance with ASTM Method D4874 - 
Standard Test Method for Leachmg Solid Waste ln a Column Apparatus Columns were 
constructed using 6-inch lengths of 1-mch or 2-inch diameter clear Schedule 40 PVC tubing and 
end slip caps One-inch diameter tubing was used for columns 5, 6, 7, and 8 where poor core 
recovery or the presence of large pebbles precluded availability of sufficient granular material 
to completely fill a 2-inch column Flow distribution disks and end support plates were 
constructed of open cell polyethylene All construction materials were decontaminated prior to 
use by waslung with laboratory detergent and triple-rinsing with deiomzed water 

Samples were removed from the core sleeves and gently disaggregated, mimlzing 
drying of the soil Large pebbles were removed from the samples An aliquot of the soil was 
retained for determmtion of specific gravity, moisture content, and mtrate concentration 
Sample mass requlred to pack each column to the field bulk density was determined, so that the 
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bulk density of sample in the packed column would be equivalent to the bulk density of the 
sample core The columns were packed with sample m five layers using a non-metallic tampmg 
tool, and each layer was scored pnor to addmg the next lift 

The columns were saturated in a backflow mode using argon-pressurmd distilled water 
Pore volumes calculated from sample specific gravity and column volume were venfied by 
momtormg the volume of fluid requlred to saturate the sample The rate of saturation was 
visually momtored, and attempts were made to adjust flow to achieve a h e a r  flow rate of 
approxmtely 10 cdday  For the 6-inch columns, saturation would ideally have been achieved 
over a penod of 36 hours Subsequently, one pore volume could then be collected every 36 
hours This flow rate was only achieved in columns 1, 7, 8, and 10 The permeability in the 
remaimg columns was insufficient to attain the desired flow rate under fluid pressures of 4 to 
8 atmospheres Flow rates acheved in each column, and corresponding test durations, are 
presented in Table I1 3 3-34 

Analysis of the distilled water leach fluid indicated a pH of 5 67, with undetectable 
mtrate and specific conductance The first pore volume collected from each column was 
analyzed for major cations, major amons, mtrate, pH, and specific conductance Subsequent 
pore volumes 2, 3, 5, and 10 were analyzed for mtrate, pH, and specific conductance Pore 
volumes 4, 6, 7, 8, and 9 were collected and retained for possible later testing After 
termination of the leaching portion of the study, the leached soils were removed from their 
columns and analyzed for mtrate 

Results 

Results of the column leachmg tests are presented in Appendlx 11 W, and summarlzed 
in Tables 3 3-34 through 3 3-37 Flow through columns 5 and 9, descnbed as greenish-gray 
clayey sandstone and green-gray clay stone, respectively, decreased dramatically following 
saturation, and only one complete leachate pore volume was collected from each column during 
the 16-week test duration Soil m columns 1 and 3, whch was collected from the seepage area 
on the slope north of SEP 207-A, mtially contamed less than 10 mg/kg mtrate These low 
imtial mtrate concentrations were lnsufficient for determination of a distinct leachng profile for 
these columns Smilarly, column 10, the blank prepared with Colorado silica sand, contained 
low to nondetected mtrate concentrations in both soil and leachate 

Eight to 10 pore volumes were collected from columns 2, 4, 6, 7, and 8 These five 
columns contained detectable nitrate concentrations in the imtial soil and in the leachate 
Nitrate, pH, and specific conductance results are summarlzed in Table I1 3 3-35, and presented 
in Figures I1 3 3-72 through 11 3 3-75 Nitrate concentration and specific conductance decrease 
with each pore volume passed through the columns As shown in Table I1 3 3-36, leachate 
water quality in pore volume 1 ranged from a predominately calcium-sodium bicarbonate type 
for low rutrate soils and low dissolved solids leachate, to a sodium nitrate-type water for high 
rutrate soils and higher dissolved solids leachate These differences reflect the impact of SEP 
waters on the vadose zone soils 
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Both the mhal leachate concentration and the number of pore volumes requued to 
decrease leachate concentrations below specific collcentratlon thresholds appear to be d m t l y  
related to the uutial mtrate concentration m soil, as shown in Figure 11 3 3-72 and Table 11 3 3- 
37 A slmilar trend is evident in the specific conductance results, as shown m Figure 11 3 3-73 
The correspondence between these two parameters suggests that specific conductance may be 
controlled pmanly by mtrate concentration Figure I1 3 3-74 demonstrates, however, that this 
correlation is only evident for specific conductance above 1,000 to 2,000 pmhoskrn at 25'C 
Measurements of leachate pH mcreased m some columns dunng the duration of the test, but 
decreased in others, as shown m Figure 11.3 3-75 No apparent cause for these disparate trends 
was noted 

a 

Final mtrate concentrations were measured in the soils following collection of leachate 
pore volume 10 The ~ t r a t e  concentration was umformly below 10 mg/kg, with most soils 
retaimng less than 1 mg/kg mtrate A mtrate mass balance was calculated to determine whether 
the mtrate collected in leachate was sufficient to explam the observed decrease in soil 
concentrations Subtraction of final soil mtrate mass and the mtrate mass leached from the soil 
in each pore volume would be equal to the mtial soil mtrate mass, assummg conservatlon of 
mtrate dunng the column test Table I1 3 3-38 presents the results of this mtrate mass balance 
calculation Imtial and final mtrate masses m each column were calculated as the product of dry 
soil weight and soil mtrate concentration, while mtrate removed with each leachate pore volume 
was calculated as the product of pore volume and leachate mtrate concentration Nitrate 
concentrations for leachate pore volume 4, and for pore volumes 6, 7, 8, and 9, were estmated 
as the mean mtrate concentrations of pore volumes 3 and 5, and 5 and 10, respectively 

, 0 
Results of the mass balance calculation indicate that 33 to 111 percent of the rutrate 

present in the imtial soil was detected in the leachate and final soil analyses (Table I1 3 3-37) 
Loss of mtrate is most llkely the result of mtrate reduction and/or demtrification occumng under 
anaerobic conditions withm the columns Columns were pressurlzed usmg inert argon gas, 
allowmg oxygen to be consumed by bactena present m the soils The two soils with the hlghest 
imtial mtrate concentrations, columns 6 and 9, also expenenced a rapid loss of penneabxlity, 
possibly due to bacterial growth Several soils removed from the columns were descnbed as 
odonferous by the analyst, venfying the presence of reducmg conditions Followmg 
consumption of oxygen, mtrate is reduced through bactenal activity to either ammomum ion 
(NH,') or mtrogen gas (N,) 

Major ion equivalent balances for pore volume 1 show a deficiency of catiomc species 
in six of the seven leachates contaimng mtrate The presence of ammomum, a positively 
charged ionic species which was not analyzed in leachate, is presumed to account for th~s 
apparent ion unbalance For leachates where mtrate was absent, the sum of aniomc species and 
catiomc species measured on an equivalent basis agreed within 1 percent of each other 
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Interpretation 

The results of the column leaclung tests indicate that mtrate can be readily leached fmm 
OU4 soils mto ground water by either natural or miuced infltration provided that umform 
intergranular flow is establlshed. Investrgations of lnfiltratlon m the OU4 area have mdicated, 
however, that recharge to the water table occurs prmanly through local disturbed features and 
macropores present withm the vadose zone These rnechamms unply that mfiltratmg water 
contacts only a lunited fraction of vadose zone soils before reachmg the water table Whlle 
mtrate 111 or adjacent to these macropores and disturbed features wdl be leached from the soils, 
mtrate 111 surroundmg regions not m d m t  contact with the diltratmg water will be retamed IZI 
intergranular pore water and bound to the unsaturated soil by soil matnc potentral Thls retamed 
nitrate will remain a potenual source of ground water contammation, to be mobillzed by surface 
disturbance and unusual precipitahon or hgh water table conditions 
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0 II.3.4 Subsurface Soil and Bedrock Analytical Results 

"hs section presents the results of the subsurface soil and bedrock PCOC analyses from 
samples collected during the OU4 Phase I RFI/FU Section 11 4, Nature and Extent of 
Contammtion, provides a detailed analysis of the occurrence of these PCOCs Table I1 3 4-1 
lists the PCOCs detected in OU4 Figure I1 3 4-1 is a map showmg the locations of the 
boreholes from whxh samples were collected Figures I1 3 4-2 through I1 3 4-61 show the 
analytical results of individual PCOCs by depth mtervals In general, these figures show the 
analytical results for samples that were collected from w i h  the 0-6 foot depth interval, the 6- 
12 foot depth mterval, and all results collected at depths greater than 12 feet For those samples 
that straddled the respective intervals, the results are posted m the interval from which the 
majonty of the sample was collected Specific sample collection depth mtervals are reported 
next to each result 

For the figures pertamg to inorgamc and radionuclide PCOCs, the results that are 
posted in red exceed their respective background concentrations that were calculated as the 95 
percent upper confidence lmit from background data presented in the 1993 Background 
Geochemcal Charactermtion Report (EG&E, 1993) For the figures pertaimng to the orgamc 
PCOCs, results that are posted in black are either not-detected or estmated results (those 
qualified with "J", meamng the concentration was estmated above the instrument detection lmit 
but below the CRQL) Results in red are detections without the "J" qualifier Appendlx I1 N 
provides a complete list of all subsurface soil and bedrock chemical analytical results 

Multiple results are posted at the locations beneath the SEPs for each particular interval 
referenced in the figures because two sampling plans were followed for collecting the subsurface 
samples The samples from beneath the SEPs were collected according to the following plan 

Composited over 2 feet mtervals 
2 feet below ground and every other 
2 feet, and one sample from bedrock 
Composited over 4 feet mtervals 
Composited over 6 feet intervals Sermvolatde orgmcs, pesticides, PCBs, 

Radionuclides, TAL metals 

Volatlle orgamcs 
Nitrate 

cyamde, sulfide 

Samples from the remaimng boreholes outside the SEPs were composited over 6-foot 
intervals, with the exception of volatile orgamc compounds, which were collected at discrete 2- 
foot intervals Since most of the boreholes were termmated at the top of bedrock, many of the 
samples collected consist of composites that were less than SIX feet in length 

11.3.4.1 Non-Radiological Inorganic Potential Contaminants of Concern 

This section presents the results of the subsurface soil and bedrock analyses for the non- 
radiological inorganic PCOCs A summary of the analytical results is presented in Table I1 3 4- 
2 Although calcium, manganese, potassium, and sodium were identified statistically to be 
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PCOCs, they were not mapped because they are common rock-formmg elements that are 
naturally-occurring at relatlvely hgh conwntmtlons Secbon II.4, Nature and Extent of 
Contamination, provides a detailed analysis of the occurrence of these PCOCs 

Banum 

The subsurface analytical results for banum are presented graphically on Figures II 3 4-2 
through I1 3 4-4 and are listed in Table I1 3 4-3 Banum was detected m all borehole samples 
analyzed (136 total), and the results ranged from 9 7 mg/kg to 4,150 mg/kg Of the 136 
samples analyzed, 51 exceeded the background concentration of 93 9 mg/kg and are posted on 
the figures in red The highest concentration was detected in a sample from a depth of 10 to 
13 feet at borehole 43693 111 the southern part of SEP 207-A There does not appear to be a 
consistent pattern to the distnbuhon of b m m  in the subsurface, but a general increase m 
concentration with depth proxmal to the SEPs is suggested by the data 

Cadmium 

The subsurface analyhcal results for cadmium are presented graphrcally on Figures I1 3 4- 
5 through I1 3 4-7 and are listed m Table I1 3 4-3 Cadmium was detected in 28 of the 136 
samples analyzed (21 percent), and the detections ranged from 1 1 mg/kg to 547 mg/kg 
Twenty-one of the samples exceeded the calculated background concentration of 2 3 mg/kg and 
are shown on the figures in red As can be seen in the figures, the locatlons where cadmum 
exceeds background are directly beneath the SEPs and mediately north of SEP 207-A and SEP 
207-B North at the drainage tile outfall Cadmium was not detected in samples collected from 
below 12 feet 

0 
Cvamde 

The subsurface analytical results for cyamde are presented graphcally on Figures 11 3 4-8 
through I1 3 4-10 and are listed m Table 113 4-3 Cyamde was detected m 18 of 94 samples 
analyzed (19 percent), and the detections ranged from 0 525 mg/kg to 43 mg/kg Cyamde was 
not analyzed in the background samples, and all detections are posted on the figures m red 
Cyamde was detected pnmmly m the Immediate vicmty of the SEPs, however, a few sporadic 
detections are observed north of the SEPs and in the buffer zone The lughest concentrations 
of cyamde occur mediately beneath the SEPs m the 0-6 foot depth interval 

Lithium 

The subsurface analytical results for lithium are presented graphrcally on Figures I1 3 4- 
1 1  through I1 3 4-13 and are listed in Table 11 3 4-3 Lithium was detected in nearly all of the 
samples analyzed (134 out of 136), and the detections ranged from 2 6 mg/kg to 79 9 mg/kg 
None of these detections, however, exceeded the calculated background concentration of 83 2 
mg/kg 
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Nitrate/Nitne 1) 
The mtrate/mtnte (as mtrogen) analytical results are presented on Figures II 3 4-14 and 

I1 3 4-15 and m Table 3 4-3 Nitrate is detected III nearly all the samples analyzed (109 out of 
110), and concentrabons ranged from 0 0 (thls result was validated and not qualified as non- 
detected) to 6,100 mg/kg Of the 109 detections, 72 exceeded the calculated background 
concentration of  7 1 mg/kg Nitrate is broadly dlstnbuted III OU4 soils, but the hghest 
concentrations occur in the 0-6 foot depth mterval lmmediately beneath the SEPs and at the 
water table both m the vicmty of the SEPs and 111 the buffer zone 

- Zinc 

The subsurface analytical results for zmc are presented graphcally on Figures I1 3 4-16 
through I1 3 4-18 and are listed in Table I1 3 4-3 Zmc was detected m all of  the samples 
analyzed, and the detections ranged from 7 2 mg/kg to 168 mg/kg Seventy-eight of  the samples 
exceeded the calculated background concentrabon of 23 64 mg/kg and are shown on the figures 
in red Zmc is broadly distnbuted throughout OU4 above background concentrations, but there 
is no discernable pattern to the distnbution, either hornontally or vertically The hghest zinc 
detection (168 mg/kg) is found in the 0-5 foot mterval at borehole 44393 located south of OU4 
The second hlghest concentration detected (160 mg/kg) is found in the 47 6 to 50 2 foot interval 
of borehole 44193 located south and east of OU4 There is no apparent correlation between the 
zinc concentrations detected and proxmity to the SEPs, but as with barium, a general increase 
in zinc concentrations with depth is suggested by the data 

In summary, some of the morgamc, non-radiological PCOCs appear to be elevated, either 
beneath or m close proxunity to the SEPs, with concentrations that appear to decrease with 
depth Nitrate is broadly distnbuted throughout OU4, but the highest concentrations occur 
mediately beneath the SEPs and at the water table both m the vicimty of the SEPs and in the 
buffer zone Cyamde was detected pnmarrly m the unmedlate vrcmty of the SEPs, however, 
sporadic detections above background occur m the buffer zone The hlghest cyamde detections 
occur mediately beneath the SEPs m the 0-6 feet depth mterval The locabons where 
cadmium exceeds background are dlrectly beneath the SEPs and lmmediately north of SEP 207- 
A and SEP 207-B North at the dramage tile outfall No samples from beneath 12 feet exceeded 
the detection lunit for cadmium Lithlum was d e t e m e d  to be a PCOC by statistical methods 
but was not detected above background concentrations m any samples from OU4 Barium and 
zmc do not appear to have any apparent correlation with proxunity to the SEPs, but a general 
trend of increasing concentrations of barium and zmc is suggested by the data 

11.3.4.2 Radionuclide Potential Contaminants of Concern 

This section presents the results of  the subsurface soil and bedrock analyses for the 
radiological PCOCs A summary of  the analytical results is presented in Table I1 3 4-2, and a 
complete listing of  these results IS presented 111 Table I1 3 4-4 Section I1 4, Nature and Extent 
of Contamination, provides a detailed analysls of the occurrence of these PCOCs 

I e 2 9 w p f  OU4 Proposed WIRA EA Decision Document 
II 3-81 February 10 1995 

I %a- 
- 



The amencium-241 analyhcal results are presented on Figures 113 4-19 through I1 3 4-21 
and in Table 113 4 4  Amencium-241 was detected 111 78 of  the 96 samples analyzed (81 
percent), and concentrahons ranged from 0 0017 pCdg to 6 1 pCdg Fifty of  the detections 
exceeded the calculated background concentrahon of 0 01 pCi/g The highest concentrations of  
amencium-241 are found in the uppermost SIX feet of soil mediately beneath the SEPs and 
berms Detections above background are also found throughout the total lengths o f  some 
boreholes, includmg borehole 40993 north of  SEP 207-C, where amencium-241 1s detected at 
a depth of  31 to 35 feet. 

Cesium- 134 

The cesium-134 analytical results are presented on Figures I1 3 4-22 through I1 3 4-24 
and in Table I1 3 4-4 Cesium-134 was detected in 49 of the 90 samples analyzed (54%), and 
concentrations ranged from -0 0013 pCi/g to 0 01 pCdg Negative results are not unusual for 
radionuclide analyses and indicate that the result is below the calibrated background for the 
testing equipment Cesium-134 was not analyzed in background soils There does not appear 
to be any discernable pattern to the distnbution o f  cesium-134 111 the subsurface, either 
horlzontally or vertically 

Cesium- 137 

The cesium-137 analytical results are presented on Figures I1 3 4-25 through I1 3 4-27 
and in Table I1 3 4-4 Cesium-137 was detected in 91 of 96 samples analyzed (95 percent) and 
concentrations ranged from -0 0378 pCi/g to 0 42 pCdg Only two of the detections exceeded 
the calculated background of  0 166 pCi/g These occurred adjacent to the SEPs 111 the 0-6 foot 
interval 111 the berm between SEPs 207-A and 207-B Center, and just east of the berm for SEP 

' 0  

207-B North 

Gross Beta 

The gross beta analytical results are presented on Figures I1 3 4-28 through I1 3 4-30 and 
m Table I1 3 4-4 Gross beta was detected m all samples analyzed and concentrations ranged 
from 10 pCi/g to 55 pCi/g Fifty-one of the 134 samples exceeded the calculated background 
of 27 99 pCi/g Gross beta results above background are found throughout OU4, and there is 
little correlation of results with proxmity to the SEPs 

Plutonium-239/240 

The plutomum-239/240 analytical results are presented on Figures I1 3 4-31 through 
I1 3 4-33 and in Table I1 3 4-4 Plutomum-239/240 was detected in 78 of 96 samples analyzed 
(81 percent) and concentrations ranged from -0 0028 pCdg to 25 pCi/g Thirty-seven of  the 
detections exceeded the calculated background of 0 02 pCdg These lie predominantly in the 
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0-6 foot mterval beneath the SEPs Plutomum-239/240 was not detected above background a below 12feet 

Radium-226 

The radium-226 analytical results are presented on Figures I1 3 4-34 through II 3 4-36 
and m Table II 3 4-4 Radium-226 was detected m82 of  the 94 samples analyzed (87 percent) 
and concentrations ranged from 0 37 pCdg to 6 838 pCdg Fifty-mne of the detectrons 
exceeded the calculated background of 0 65 pCdg All of the samples obtamed from beneath 
SEPs 207-B North and Center exceeded background, compared with only about half of  the 
samples from beneath SEP 207-A exceedlng background All of the radium-226 analyses of 
samples from 12 feet below the SEPs exceeded background 

Strontium-89/90 

The strontun-89/90 analytical results are presented on Figures I1 3 4-37 through I1 3 4- 
39 and m Table I13.4-4 Strontium-89/90 was detected m 66 of  the 96 samples analyzed (69 
percent) and concentrations ranged from 0 0139 pCdg to 0 88 pCdg Only 12 of the detections 
exceeded the calculated background of  0 54 pCi/g These he beneath the SEPs 

Tntium 

The trrtium analytical results are presented on Figures I1 3 4-40 through I1 3 4-42 and 
in Table I1 3 4-4 Tntium was detected 111 115 of  the 133 samples analyzed (87 percent) and 
concentrations ranged from 63 97 pCi/L to 62,000 pCi/L Of the 133 samples analyzed, 102 
detections exceeded the calculated background of  212 2 pCdL The hlghest concentrations are 
found mediately beneath the SEPs 111 the 0-6 foot interval, however, elevated concentrations 
are also detected elsewhere m OU4 in the saturated zone, such as in the buffer zone 

' 0 
I 

Urmum-233/234 

The uramum-233/234 analytical results are presented on Figures 113 4-43 through I1 3 4- 
45 and 111 Table I1 3 4-4 Umum-233/234 was detected 111 133 of the 134 samples analyzed 
(99 percent) and concentrations ranged from 0 242 pCUg to 21 pCi/g Of the 133 detection, 125 
exceeded the calculated background of  0 53 pCdg The highest concentrations are found 
immediately beneath the SEPs m the 0-6 foot merval, however, elevated concentrations are also 
detected elsewhere in OU4 in the saturated zone, such as in the buffer zone 

Uramum-235 

The uramum-235 analytical results are presented on Figures I1 3 4-46 through I1 3 4-48 
and in Table I1 3 4-4 Uramum-235 was detected in 122 of  the 134 samples analyzed (91 
percent) and concentrations ranged from -0 0104 pCi/g to 0 87 pCi/g Of the 122 detections, ' @ 29wpf  
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33 exceeded the calculated background of 0 1 pCi/g These are found pnmanly beneath the 
SWs, with the hlghest concentrahons occumng m the 0-6 foot interval 

The urmum-238 analytical results are presented on Figures I1 3 4-49 through I1 3 4-51 
and m Table 11 3 4-4 Urmum-238 was detected 111 nearly all of the 134 samples analyzed (133 
out of 134) and concentrations ranged from 0 39 pCdg to 11 46 pCi/g Of the 133 detections, 
123 exceeded the calculated background of 0 63 pCdg As with the other uramum isotopes, the 
highest concentrahons of ~u-axuum-238 are found beneath the SEPs, prmmly in the 0-6 foot 
interval All of the samples that are below background are found either at the peruneter of the 
SEPs or outside of OU4 

In summary, the radionuclide PCOCs are found at their highest concentrations beneath 
the SEPs, usually m the 0-6 foot mterval Some of the radionuclides (such as uramu-233/234 
and urmum-238) exceeded background concentrations throughout the total depth of many of the 
boreholes Strontium-89/90, plutomum-239/240, and amencium-241 concentrations decrease 
to below background levels below 12 feet 

II.3.4.3 Organic Potential Contaminants of Concern 

Thls section presents the analytical results for the orgamc PCOCs, which include acetone, 
bis(2-ethylhexyl)phthalate, methylene chloride, and toluene, from subsurface samples These 
compounds were determmed to be PCOCs because they were detected in greater than five 
percent of the samples analyzed (as further described rn Appendix 111 A) Section I1 4, Nature 
and Extent of Contamination, provides a detailed analysis of their occurrences 

0 

Table I1 3 4-2 mcludes summary statistics for these compounds Table I1 3 4-5 presents 
the analytical data for these compounds for each sample analyzed Figures I1 3 4-52 through 
11 3 4-61 present the results graphrcally In these figures, nondetections and detections qualified 
with a "J" (estmated concentrations above the mtrument detection lmit, but below the CRQL) 
are shown m black Detections that have no laboratory qualifiers are posted in red to 
differentiate them from estimated results 

Acetone 

The analytical results for acetone m subsurface soil and bedrock samples are presented 
on Figures I1 3 4-52 through I1 3 4-54 and in Table I1 3 4-5 Acetone was detected in 38 of 146 
samples analyzed (26 percent), and the detections ranged from 8 pg/kg to 140 pglkg Detectable 
concentrations of acetone occur throughout OU4, mcludmg at depth in the buffer zone Despite 
the widespread occurrence of acetone throughout the WETS and the suspicion that it is a field- 
or laboratory-introduced contammant, the hrghest detections do occur beneath the SEPs or berms 
surrounding them, which is described in further detail in Section I1 4 
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Methvlene Chlonde e 
The analyt~cal results for methylene chlonde m subsurface soil and bedrock samples are 

presented on Figures 113 4-55 through 113 4-57 and m Table II 3 4-5 Methylene chlonde was 
detected m 74 of 146  samples analyzed (51 percent), and the detections ranged from 1 pg/kg to 
71 pglkg Detectable concentrations of methylene chlonde occur throughout OU4, including 
at depth m the buffer zone It is suspected that methylene chlonde is a field- or laboratory- 
mtroduced contarmnant, because there 1s no discernable pattern to the distnbution of methylene 
chlonde 111 the subsurface, either horuontally or vertically, and it is found throughout the 
subsurface at the WETS 

Toluene 

The analytul results for toluene in subsurface soil and bedrock samples are presented 
on Figures 11 3 4-58 through I1 3 4-60 and m Table I1 3 4-5 Toluene was detected in virtually 
all of the 146 samples analyzed (145 of 146), and the detections ranged from 2 pg/kg to 1,200 
pg/kg Toluene is known to occur throughout the WETS, as well as throughout OU4 There 
is no pattern to the distnbutlon, either honzontally or vertically, and it is suspected that toluene 
is a field- or laboratory-mtroduced contamlnant as discussed further in Section I1 4 
Addibonally, most of the duplicate pars collected and analyzed for toluene failed the Relative 
Percent Difference (RPD) test as discussed in Section I1 3 6,  Quality Assurance/Quahty Control 
Results, thus castmg doubts upon the accuracy and validity of the toluene analyses 

' a Bis(2-ethY1hexvl)phthalate 

The analytical results for bis(2-ethylhexy1)phthalate m subsurface soil and bedrock 
samples are presented on Figure I1 3 4-61 and in Table I1 3 4-5 Bis(2-ethylhexy1)phthalate was 
detected m 8 of 36 samples analyzed (22 percent), and the detections ranged from 38 pg/kg to 
5,300 pg/kg Detectable concentrations of bis(2-ethylhexy1)phthalate do not appear to be related 
to SEP waste management actnuties because the detections typically occur at depth, and the 
hlghest concentration (and the only one not qualified with a "J") occurs south and east of OU4 
at a depth of 41 6 to 47 6 feet below ground surface 

In summary, the orgmc PCOCs are widespread m OU4 and appear to have little 
relationshlp to the SEPs, with the exception of acetone It is possible that acetone may be 
related to SEP waste management activities since the highest concentrations detected occur 
beneath the SEPs Section I1 4 discusses the presence of orgmcs in the OU4 subsurface in 
greater detail, including the suspicion that these orgmcs may be field- or laboratory-introduced 
contaminants 
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II.3.5 Geologic Investigation Results 

Thls section presents the results of geologic investigations conducted within OU4 during 
the OU4 Phase 1 RFI/RI The findrngs discussed in this section are based upon previous 
investigations, OU4 Phase I RFI/RI soil boreholes, and geophysical surveys Figure I1 3 5-1 
shows the locations of the momtonng wells, boreholes, piezometers, and vadose zone momtormg 
locations (collectively referred to as boreholes) used in evaluating the subsurface geology at 
OU4 

Subsurface dnllmg was unplemented at OU4 to determine the lateral and vertical extent 
of contaminants m the vadose zone Data developed from the subsurface investigation will be 
used to assess the current and potential human health or envlronmental risk presented by sod 
contaminahon at the site The data gathered were incorporated into a lithofacies and 
hydrogeologic model to predict current and future vadose zone migration pathways and rates of 
flow The conceptual hydrogeologic model will be used to assess the potential unpact of the 
vadose zone (pore water) contamination to ground water 

The hydrogeologic model accounts for spatial vanations in flow rates caused by 
heterogeneities m sedment properties Sedunent properties such as grain sue (particularly the 
fine-grained constituent), meralogy , porosity, permeability, and macroporosity , are variables 
whch control and cause hydraulic heterogeneities in the subsurface The composition and 
stratigraphc distnbution of sedlment properties IS controlled by depositional environment 
Sedunent properties of artificially placed sedunents is solely controlled by their physical 
properties The lithofacies model developed for OU4 relates the stratigraphic distribution and 
physical properties of sedmentary facies to depositional environment, and compares spatial 
trends in sedment properties to hydraulic parameters, such as hydraulic conductivity, 
transmissivity, and storativity 

0 

The SEPs are proxlmal to the topographc surface and generally do not penetrate the 
water table However, dumg penods of mcreased recharge, such as in the spnng, the water 
table nses to a level that puts it m contact with the eastern side of SEPs 207-A and 207-B South. 
Contammints are found m surroundrng sods and/or have leached through the unsaturated zone 
into the subjacent unconfined aquifer Thus, development of a depositional model that allows 
prediction of vadose zone contammint pathways is essential to desigmng environmental 
restoration and remediation activities at OU4 

11.3.5.1 Distribution and Description of Surficial Geologic Units 

This section identifies a textural-based facies model (lithofacies) for the Rocky Flats 
Alluvium, descnbes other surficial geologic umts and surnames  the subcropping and shallow 
bedrock geology withm OU4 The lithofacies model developed from the subsurface geolopc 
data descnbes and graphically represents the nature and distribution of heterogeneities in the 
Rocky Flats Alluvium These lithofacies are used to build conceptual models of alluvial facies 
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whch delmeate large-scale trends and vmances in unsaturated and saturated hydraulic 
' * conductivity 

SurFrcial matenals m the OU4 area consist of the Rocky Flats Alluvium, landslide and 
slump colluvium, valley fill alluvium, and artificial fill matenals These matenals 
unconformably overlie the Arapahoe Formation bedrock, or m the case of the latter three, if not 
of sufficient depth, the Rocky Flats Alluvium The spatial locations of these umts were 
determmed m part from a compmson of the OU4 surface topography in 1951 and 1986, and m 
part from borehole geologic data 

Figure I1 3 5-2 displays the surface topography m 195 1, prior to ground disturbance from 
installation of the security fence and the Interceptor Trench System (ITS) Surface elevations 
range from approxmtely 5981 feet to 5960 feet above mean sea level (msl) from west to east 
across the central portion of OU4, and from 5975 feet to 5890 feet above msl from south to 
north across the central portion of OU4 The area around the SEPs inside the PA fence is flat 
to gently slopmg, the area north of the PA slopes at approximately 2 feet per foot (Wft) down 
into the North Walnut Creek dramage 

Probable slump block features are identified on Figure I1 3 5-2, and are designated 
Slump-1 through Slump-4 These slump features may be the result of over-steepemng along the 
pedunent surface, exceeding the angle of repose due to incision by surface drainage and creeks 
Conversely, these slump features may have resulted from construction of the SEPs Figure 
I1 3 5-3 displays the surface topography of the same area in 1986, after construction of the 
security fence and ITS Figure I1 3 5-4 is a comparative map of the 1951 and 1986 topographic 
surfaces This map shows areas that may have been excavated or back-filled with artificial 
matenal since 1951 

0 

I Core samples from boreholes 44893 and 44993, in the vicimty of the ITS, contained 
fragments of claystone bedrock and plant roots intermlxed with alluvial matenals at depths up 
to 14 feet below the surface These samples may sigmfy landslide colluvial matenal or artificial 
fill matenals from installation of the ITS In either case, these deposits may have altered the 
dramage patterns of both surface runoff and ground water 

Based on these topographc and borehole data, previous studies (Woodward-Clyde & 
Associates, 1970), and sitewide surficial geologic mapping by the U S Geological Survey 
(Shroba and Carrara, 1994), the surficial materials map shown on Figure I1 3 5-5 was prepared 
This map shows that OU4 is located on a bedrock pedunent surface covered by Rocky Flats 
Alluvium Landslide and slump colluvial deposits are present on the hillside north of the SEPs 
area Valley fill alluvium is present in the drainage of North Walnut Creek Artificially-placed 
matenals are present around and mediately beneath the SEPs 

11.3.5.1.1 Rocky Flats Alluvium 
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The youngest aenally extensive strabgraphlc umt at OU4 1s the early Pleistocene 
(Nebraskan or Aftoman) Rocky Flats Alluvium In some eastern plant site locat~ons, outcrops 
of the slightly younger (Kansan or Yarmouth) Verdos and (Illoian or Sangamoman) Slocum 
Alluvium have been mapped (Epis and others, 1980, Werner, 1973; Scott, 1960); however, 
these umts are not present at OU4 The Rocky Flats Alluvium was deposited by highly unstable 
ephemeral and/or spasmodically active braided streams and debns flows Deposition took place 
on a pedunent withm a coalescing alluvial fadapron braidplam system Coarse gravel was most 
llkely deposited in channels by debns flows Models depictmg a depositional system of 
coalescmg alluvial fans aggraded by debns flow and braided stream deposibon suggest that sand 
and fme gravel were deposited in channels and along banks, forming natural levees, whle silt 
and clay would commonly be found on floodplains and transverse and longitudinal bars 

Eastward-flowmg streams dissected the Rocky Flats alluvial terrace in several locabons 
In a few locabons, the erosional sub-alluvial pedment surface (unconfomty) has been eroded, 
exposing the Late Cretaceous (Late Maastnchtian)- Early Tertiary (Early Paleocene) Arapahoe 
Formation and the Late Cretaceous (Mid to Late Maastnchtian) Laramie Formation 

The source of boulders and cobbles in the Rocky Flats Alluvrum is the Precambnan 
igneous and metamorphc rocks which crop out in Coal Creek Canyon These rocks are 
prunarily quartzites, mica schists, quartz monzomtes, and granodiorites Other lesser constituent 
source rocks are the steeply east-dipping sedtmentary formations exposed at the mouth of Coal 
Creek Canyon Fmer-gramed clastics (sands, silts, and clays) are denved from the chemical and 
mechamcal weathering of these crystalline rocks @ 

Alluvial sedlments at OU4 are presumed to have been deposited in a medial-fan 
depositional envlronment based upon the following observations and assumptions Mid-fan 
deposits commonly consist of a braided network of shallow channels with debns flow, water- 
lain, and some sheet flood deposits Debns flows compnse interdigitated sheets with non- 
erosive basal contacts, or occupy channels cut by water flow Water-lam deposits commonly 
show erosive, channeled contacts and mternal stratificabon related to bedload transport or 
bedform migration Sheet flood deposits accumulate due to spreadmg of sedment-laden water 
as it exits a stream channel and are generally thm, widespread sheets of sand and fine gravel 
Although sheet flood deposits are found m the mid-fan position, they are most commonly located 
m the distal or "toe" of fan positions Well developed channels, sieve deposits, and coarse 
debris flows are most common on the upper fan (near fanhead trench) This study indicates that 
a majonty of the alluvial material at OU4 is the shallow braided network type 

Figure I1 3 5-6 is a surficial materials (colluvium, alluvium, artificial fill) isopach map 
of the OU4 area Ths  map indicates that the current maximum thickness of the Rocky Flats 
Alluvium is approxmately 15 feet A comparison with Figure I1 3 5-4 indicates that 
approxunately 5 feet of Rocky Flats Alluvium has been removed from some OU4 areas 
Therefore, the Rocky Flats Alluvium was probably no more than 20 feet thick at OU4 before 
commencement of plant activities ' 0 29wpf  
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II.3.5.1.2 Lithofacies of the Rocky Flats Alluvium 

A lithofacies classification was developed for OU4 that groups sedunents with smla r  
textural compositions This lithofacies scheme assumes that texturally sunilar sedunents were 
deposited by sunllar processes m a sunilar envlronment Thls assumption seems valid smce the 
alluvium is at least crudely stratified, and several trends and consistencies were noted d u n g  the 
logging process and subsequent data evaluation Notable trends mclude a correlation between 
the bedrock surface elevation and basal alluvium sedunent properhes Notable consistencies 
include stratigraphc and lateral associatrons between sedunent type The lithofacies 
classification was developed based on these observations and other textural cntena The 
lithofacies classification developed is shown in Table 11 3 5-1 

Physical cntena (composition) for each lithofacies shown in Table I1 3 5-1 are listed in 
order of decreasing pertinence The first two percentage ranges after "compositron" (m bold- 
face type) are pnmary sedunentary cntena which are always true for matenals categorued 
The third percentage range after "composition" is violated only 111 the case of "mavenck" 
sedunents where the sedunent cannot be classified another way without violating the prunary 
criteria For example, if a sedunent contamed 5 percent gravel, 60 percent sand, and 35 percent 
fines (silt and clay), it would be classified as the sandy lithofacies because the pnmary cnteria 
are met, albeit the third compositional range is not Placmg h s  sedunentary umt into any other 
lithofacies would violate pnmary cntena 

Although there is a wide vanation m composition of the Rocky Flats Alluvium, more 
than one classification was never possible following this cnteria The only sediments which 
could not be sunply classified usmg h s  system would have to contain equal amounts of sand 
and fmes in the range between 45 percent to 49 percent, and 0 percent to 9 percent gravel 
Sedments with equal amounts of sand and fines in this narrow range were not encountered 
during this investigation 

@ 

This lithofacies classification, ldce the Umfied Sod Classification System (USCS), is 
subdivided prmanly by textural (gram sue) parameters Groupmg of sunilar sedunentary facies 
cannot be accomplished usmg only the USCS system However, smce all dnll core was mtially 
logged usmg the USCS, the lithofacies system presented m Table I1 3 5-1 mcorporates USCS 
terminology The USCS system is not applicable because it was not designed or intended to be 
used for geologic or hydrogeologic modeling For h s  reason, USCS categories often overlap 
into more than one lithofacies "GC" 
contaimng 11 percent fines (silt and clay), 25 percent sand, and 60 percent gravel would be 
placed in the sandy gravel lithofacies, whereas a USCS "GC" contaimng 40 percent fines, 25 
percent sand, and 35 percent gravel would be placed m the clayey gravel lithofacies Two 
prunary shortcommgs of the USCS system for modeling purposes are noted below for those 
unfamiliar with it 

For example, a sedunent categorued as a USCS 
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A change of 1 percent 111 constituent grain slze near the 50 percent total volume 
range (D,) drastically changes how the sedment is classified Additlonally, a 
change of 1 percent at D, does not drashcally alter how the umt would be 
classified geologically or hydrogeologically and thus conceptually modeled 

USCS umts with more than 50 percent coarse matenal (fine sand [ >O 74 mm] 
and coarser) but with an appreciable amount of fines rangmg from - 12 percent to 
49 percent are summanly classified as "SC"/"SM" or "GC"/"GM" dependmg on 
a greater sand or gravel constrtuent This large vanation m percent fines within 
any individual umt is not consistent with hydrogeological modeling objectives 
because this would allow orders of magmule m variation for values of hydraulic 
conductivity withm any given umt 

Geometries for each facies are also assigned m order to graphically represent and 
dunensionally model vanances m heterogeneity, thereby illustratmg the alluvial stratigraphy 
Figure I1 3 5-7 shows the locations of geologic cross-secbons and the boreholes that were used 
in their construction Figures 11 3 5-8 through I1 3 5-12 depict the spatial distnbution of the 
alluvial lithofacies at OU4 Figures I1 3 5-8 and I1 3 5-9 are cross-sections drawn approxrmately 
parallel to dip direction Figures 11 3 5-10 through I1 3 5-12 are cross-sections drawn 
approxrmately parallel to strrke drrection All borehole and well logs used in the construction 
of these cross-sections are found in Appendtx II I 

An unconformity representmg a depositmnal hlatus greater than 60 million years separates 
the Rocky Flats Alluvium from the underlying Arapahoe and Laramie Formations The "top of 
bedrock" surface (unconformity) upon whlch the Rocky Flats Alluvium rests is a nonplanar 
eroded mountain-front pedunent A pedment is defined as a gently mclined planate erosion 
surface carved in bedrock and generally veneered with fluvial gravels (Miall, 1985) It appears 
that the megular, undulating nature of the pedunent surface was controlled in part by stream 
mcisement and subsequent deposition of the basal Rocky Flats Alluvium Incised channels on 
the bedrock surface may represent an rmportant d u e n c e  on present-day ground water flow 
paths This figure shows the 
undulatmg nature of the Rocky Flats Alluvium depositional surface and the location of incised 
bedrock channels This bedrock surface elevatlon map was generated usmg borehole data and 
geophysical techmques descnbed m Sectron II 3 5 3 

' a 

Figure I1 3 5-13 is a top-of-bedrock surface elevatron map 

When alluvial material was first camed out of Coal Creek Canyon and onto the bedrock 
pedunent surface by debns flow and other fluvial mechamsms, it was imtially transported along 
and deposited in topographic lows and channels on the pedment surface The lithologic 
relationships defined in the OU4 area are consistent with the nature (physical composition, 
geometry, and spatial location) of alluvial deposits documented by many investigators (Rust and 
Koster, 1984, Miall, 1981) using modem analogs Therefore, if the described lithofacies are 
valid, it would be expected that channel deposits (cross-bedded gravelly sands and thalweg sandy 
gravels of the Sandy and Sandy Gravel Lithofacies) occur m lows and channels on the top of 
bedrock surface In a smilar fashion, overbank, levee, and crevasse-splay (Clay &-Silt 
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Lithofacies) deposits would be expected to occupy bghs along the banks of channels, ami 
lmguoid and transverse bars (Clayey-Sdty Lithofacies) would be expected m channels and along 
channel margm If the descnbexi lithofacies classificahon system did not delmeate depositional 
sedunent packages (I e if USCS umts were used), a random distnbutlon of umts would be 
expected 

' 

Figure I1 3 5-14 was constructed by plottmg the alluvial lithofacies represented in the 
basal one foot of the Rocky Flats Alluvium on the bedrock surface elevahon map Th~s map 
shows a defmte order of lithofacies deposition Sands are located 111 channel scours (top of 
bedrock lows), clays are located above and roughly parallel to channels where overbank deposits 
would be expected (top of bedrock hlghs), and clayey gravel and lithofacies containmg re- 
worked bedrock occupy positions proxunal to channel bends and where lmguoid or transverse 
bars might be expected Therefore, the physical, depositional, geometric, and spatial 
characteristics of the descnbed lithofacies appear valid and can be correlated laterally and 
stratigraphically throughout OU4 

Figures 113 5-8 through 11 3 5-12 mdicate that coarser Rocky Flats Alluvium with less 
silt and clay content, Sandy and Sandy Gravel Lithofacies, generally occur in central, south- 
central, and southwestern areas of OU4 (Figures I1 3 5-8, 11 3 5-10, I1 3 5-11, I1 3 5-12) 
Finer-grained sedunents of the Clay & Silt Lithofacies, occur 111 northern and north-central areas 
of OU4 (Figure I1 3 5-9, 113 5-12) Northeastern and north-central areas contam matrix- 
supported gravels of the Clayey-Sdty Lithofacies that are proxml to the surface, and clast- 
supported gravels of the Sandy Gravel Lithofacies at depth and in unconformable contact with 
the underlymg bedrock (Figures I1 3 5-8 and I1 3 5-9) Poor borehole control in the southeastern 
portion of OU4 precludes any possible general assumptions about this area 

a 
Although the areas surrounding the SEPs are mapped as "disturbed ground" (Figure 

I1 3 5-5) and the berms which surround them consist of artificial fill, the subjacent alluvial 
matenal is Rocky Flats Alluvium The Rocky Flats Alluvium beneath the SEPs consists largely 
of the Sandy and Sandy Gravel Lithofacies The alluvium beneath the 207-B Senes SEPs 
contam some fine-gramed alluvium (Clay & Silt and Clayey-Sdty Gravel Lithofacies) near the 
alluvium-bedrock contact, otherwise the alluvium is coarse-gramed The alluvium beneath SEP 
207-A contam fme-gramd alluvium (Clay & Silt and Clayey-Silty Gravel Lithofacies) in 
northern areas, whereas the alluvium in central and southern portions of SEP 207-A contam 
coarse-grained matenal The alluvium beneath SEP 207-C is inferred to consist entirely of 
coarse-grained material (Sandy and Sandy Gravel Lithofacies) from borehole data obtained 
around its pemeter 

11.3.5.1.3 Landslide and Slump Coiluvium 

Landslide colluvium deposits have been identified along the banks of North Walnut Creek 
within the OU4 area by Woodward-Clyde & Associates (1970) and dunng the current U S 
Geological Survey (USGS) sitewide surficial geology mapping project (Shroba and Carrara, 
1994) These landslides occur primanly in the upper bedrock claystones and lnvolve downward 
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and outward movement along curved slip planes Landslides are recogmzed by a curved scarp 
at the top, a coherent mass of m a t e d  downslope that may be rotated back toward the slip 
plane, and hummocky topography at the base Landslide deposits are expressed m weakly 
consolidated, grasscovered slopes as bulges or low wavellke swells (EG&G, 1992e) 

@ 

The slope between the mide of the secunty fence and the PA security road consists of 
landslide colluvium deposits that have been disturbed by construc&on activities andor artificially 
filled The area north of the SEps to the mty fence has been mapped and modeled as 
colluvium Some of h s  matenal, proxunal to the SEPs, may be Rocky Flats Alluvium The 
remamng areas along the south bank of North Walnut Creek consist of landslide and slump 
colluvium that has also been disturbed by construction and/or artificially filled (Figure 11 3 5-9, 
this study, Shroba and Carrara, 1994) 

Four isolated bedrock slump-blocks are mterpreted to be north of the SEPs These slump 
blocks are shown on Figure I1 3 5-2 The northernmost slump (labeled 2 on Figure I1 3 5-2) 
is also depicted on Figure I1 3 5-6 as an approxmately 35-foot-thick deposit northeast of the PA 
secunty road The charactenstmi of h s  slump-block are described by features observed in 
boreholes B208489, B208389, SP1487, 46393, 40193, and 46493 Boreholes B208389 and 
B208489 are mterpreted to be withm the toe of the slump-block Figure I1 3 5-15 is an idealmd 
cross-secbon of a slump block It shows colluvium and semi-consolidated "weathered" bedrock 
movmg downslope along curved slip planes Lithological descriptions from these borehole logs 
include bedrock slickensides, calcite-filled fractures (at 30 to 90 degrees), roots, and uon and 
manganese oxide stam The northernmost slump (labeled 2 on Figure I1 3 5-2) does have a thm 
subsurface soil cover (approxunately 3 feet) that is interpreted to be toward the center of the 
slump block Boreholes 46393, 40193, and 46493 are mterpreted to be within the scarp, and 
have hcker  subsurface sods (approxunately 15 to 20 feet) Lithological descriptions from these 
boreholes mclude plant roots at approxunately 14 feet, iron-oxide staimng, caliche nodules, 
fractures from mcro-fractures to badly broken core, and moist core matenal Smilar 
lithological descnpbons are noted m borehole logs 46193 and 46293 which are associated with 
the slump block along the crest of the hdl Push-well pomt 46093, also associated with this 
slump block, has a thrn subsurface soil (approxunately 0 5 feet) that is mterpreted to be 
indicative of a borehole position on top of a slump block Boreholes 46193 and 46293 are 
mterpreted to be near or 111 the scarp Lithological descnptions from these boreholes mclude 
thlcker subsurface soils (approxunately 2 to 8 feet), iron oxide s t amg ,  argillaceous cement, 
calcite-filled fractures (10 to 40 degrees), and moist core matenal 
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Other non-landslide colluvial matenal along slopes in OU4 were derived chefly by 
smaller scale gravity slumping of the Rocky Flats Alluvrum Colluvium is prmarily composed 
of fine-gramed material, which coarsens in a downslope dmction Grain-size variations are the 
result of sorting associated with slope failure set in motion by frequent stream incisement 

I 11.3.5.1.4 Valley Fill Alluvium 
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Figure II.3.5-6 shows that the max~mum th~ckness of valley fill alluvium is approximately 
35 feet along North Walnut Creek draurage m the northem and northeastern port~ons of OU4 
Valley fill alluvium is commonly composed of light brown to browmsh gray h m c  clay, silt, 
sand, and gravelly sand with silty and cobbley gravel lenses Gravel pebbles and cobbles are 
most commonly composed of quartzite, pebbles and cobbles of g m t e ,  gneiss, and sandstone 
are less common Shroba and Carrara (1994) recognmd two stages of valley fill alluvium a 
Post-Pmey Creek and a Pmey Creek Alluvium The Piney Creek Alluvium forms low terraces 
about 3 to 6 feet above modem stream level, and contam calcium carbonate veinlets and locally 
one or more b u n d  soil homons. The Post-Pmey Creek Alluvium forms modem stream 
channels and floodplains, and does not contam secondary calcium carbonate These deposits 
appear to represent the most recent natural deposits of surficial materials in the OU4 area 

II.3.5.1.5 Autochthonous Constituents of Surficial Materials - Caliche and Calcrete 

Some stratigraphc mtervals of the sedunents descnbed in preceding paragraphs contain 
sigmficant quantities (25 to 80 percent) of caliche and/or calcrete Caliche, or calcium 
carbonate, often forms by evaporation of vadose zone water, which causes changes in the partial 
pressure of carbon dioxide m the soil zone Early stages of caliche formation may produce 
either a powdery granular calcite or development of indurated nodules, termed calcrete (Blatt 
et al, 1980) 

In the alluvial facies, caliche formed zn srfu after deposition of the alluvial facies (Gile 
et al, 1966, Brown, 1956), whereas younger colluvial and valley fill material may contain 
reworked sedunents contamg caliche Some caliche zones have a significant lateral extent 
These intervals indicate sigmficant secondary precipitation and/or replacement of caliche/calcrete 
by subsurface evaporabon of soil moisture in the vadose zone, primarily in the "C" soil honzon 
The= presence suggests areas where a capillary fnnge is or was present These intervals may 
be sigmficant hydrogeologically if they represent areas of low or no recharge to the Upper 
Hydrostratigraphc Umt (Upper HSU) (1 e , areas of sigmficant surface evaporation) Caliche- 
rich mtervals are by no means ubiquitous at any stratigraphic level or area and thus may add an 
additional complexity and/or uncertamty to recharge models However, they are most 
commonly encountered m the upper 10 feet of the subsurface 

' e 

II.3.5.1.6 Anomalous Constituents of Sufliual Materials - Reworked Bedrock 

Some stratigraphc intervals of the Rocky Flats Alluvium and associated sediments 
contam clasts or sigmficant quanbties of reworked bedrock This material, primarily clasts of 
very well-sorted claystone or indurated sandstone that display "charactenstic" bedrock color and 
mmeralogy , are deposibonally sigmficant for two reasons they specifically mdicate areas 
(places, such as channel bends) where stream velocity decreased and np-up clasts of bedrock 
were deposited, and indicate penods (tune, as measured by stratigraphic interval) of increased 
bedrock erosion Areas where stream velocity decreased enough to deposit transported load are 
llkely to be located at stream channel bends and side bars The Clayey-Silty Gravel and Clayey 
& Silty Lithofacies usually contain reworked bedrock proxunal to the alluvial-bedrock contact ' 0 2 9 w p f  OU4 Proposed IMlIRA EA Decision Document 
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Lithofacies contam@ reworked bedrock strat~graphcally hgher or to the east of OU4 are llkely 
to be found UI the Sandy and Sandy Gravel Lithofacies "hIS may mdicate a depositional 
evoluQon of the fan system (I e , as the fan matured, the depositional base level shifted to the 
east and transported matenal became increasmgly coarse) 

@ 

Further, the recogmtion of re-worked bedrock matenal on the unconformable bedrock 
surface is essential to correctly identify the alluvial-bedrock contact whch delineates the surface 
separatmg matenals with diffemg hydraulic propemes The unportance of this differentiation 
cannot be overstated Several kstoncal borehole logs, and logs generated during this study (1 e , 
borehole 44193) contam(ed) incorrect bedrock calls resultmg from a failure to recogmze this 
ulllt 

II.3.5.2 Physical Description of Bedrock 

Sigmficant work has been conducted recently to refine the characternation of the bedrock 
at Rocky Flats The Phase I and I1 Geologic Charactemtion Reports for Rocky Flats Plant 
(EG&G, 1991b, 1992e) were prepared to characterne the bedrock at RFP based on a 
comprehensive literature search, relogging and descnbmg previously obtained core samples, 
reprocessmg previously obtamed seismic data, analyzmg core samples for grain slze distribution, 
and surface geologic mapping Data and results of the Phase I and I1 characterlzations that are 
pertment to OU4, and the mformation obtained dumg the OU4 Phase I RFIIRI, are summarized 
in thls section OU4 Phase I R.FI/RI borehole drilling mto bedrock was conducted to determine 
subcroppmg bedrock lithologies and to visually determme the presence or absence of weathered 
or unweathered claystone, fractures in claystone, and weathered or unweathered coarse-grained 
bedrock u t s  near SEPs 207-A, 207-B Series, and 207-C 

' I) 

11.3.5.2.1 General Bedrock Geology 

Early workers assigned bedrock beneath OU4 to the Laramie Formation (Spencer, 1961, 
Blume, 1972) D u n g  the late 1970s and 1980s, additional pteluninary geologic information 
led to reassignment of bedrock beneath and surrounding the plant site as the slightly younger 
Late Maastrrchtian (Latest Cretaceous)-Early Paleocene (Early Tertiary) Arapahoe Formation 
(HuK, 1976, Rockwell International, 1986, 1988a, EG&G, 1990, 1991b) Dumg this period 
a lack of structural data, coupled with sparse subsurface lithologic and paleontologic control, 
suggested a ~ c k n e s s  in excess of 200 feet for the Arapahoe Formation beneath the plant site 
This stratigraphic assignment was based on the subsurface control available at that time and on 
projections of the Arapahoe Formation from known locations (1 e , Standley Reservoir) 

Smce the late 1980s a considerable mass of geologic information has been gathered at the 
plant site This new information suggests that structural features, such as faults, do exist at and 
near the plant site, thereby nullifying any sunple stratigraphc projections Further, recent 
palynologic investigations (EG&G, 1993a) have revealed a manne origin (Laramie Formation) 
for claystones mediately beneath channel sands Based on this new information, it is 
permissible for sedunents of the Laramie Formation to underlie, or be in close proxunity to, a 29 wpf OU4 Proposed MIIRA EA Decision Document 

I1 3-94 February 10 1995 



alluvial terrace gravels 111 some locatxons on the pedment surface In other areas, fluvial 
sedments of the Arapahoe Formation have cut into the finer-grained m e  sedments of the 
Laramie Formatxon Thus sedments of the Laramre Formation may lie under or adjacent to 
Arapahoe Formation sedunents, dependmg on spatial proxunity to the deepest part of Arapahoe 
Formation fluvial channels Therefore, the formational assignment of subcropping claystones 
is dependent upon proxmity to channel sands currently assigned to the Arapahoe Formation 
Claystones mtercalated with channel sands are also assigned to the Arapahoe Formation, darker 
colored carbonaceous claystones not associated with channel sands are assigned to the Laramie 
Formation 

However, since strat~graphc assignments (age determinations) are beyond the scope of 
this investigation, and unllke physical properties are not paramount to hydrogeologic modeling, 
they are used only for clmty m a discussion For example, there are lithological data 
supportmg an Arapahoe Formation assignment for shallow and subcroppmg sandstones 
Therefore, these sandstones and mtercalated claystones are referred to as Arapahoe Formation 
sedlments for descnptive purposes The proper stratigraphic assignment of subcropping and 
deeper siltstones and claystones cannot be made equivocally Therefore, these sedments are 
smply referred to as bedrock siltstones and claystones 

The bedrock package beneath OU4 is composed of claystone and silty claystone with 
sandy siltstone and intercalated lentrcular sandstone bodies Each of the vanous lithologies and 
theu distnbution m the subsurface is descnbed m this section Figure I1 3 5-16 is a subcropping 
bedrock map Figure 113 5-16 shows the distnbution of bedrock lithologic mts that are in 
contact with the vanous surficial umts described in the previous section Figures I1 3 5-8 
through I1 3 5-12 show the stratigraphc and lateral distribution of these bedrock units at depth 
These figures indicate that claystone is the predominate subcropping lithology with minor, but 
hydrogeologically Important, areas of siltstone and sandstone 

' a 
The bedrock lithologies have also been vanously altered by weathenng As previously 

mentioned, smce the bedrock pedunent surface was subjected to erosion pnor to the deposition 
of surficial umts, approxmately the upper 30 feet of bedrock exhlbits the effects of weathermg 
Weathemg mduced fractures and fracture fillmgs m bedrock clay- and siltstones, and unparted 
an additional degree of fnability on coarser-gramed sandstone umts Since weathenng alters the 
hydraulic properties of the subcropplng bedrock, the locations and thickness of weathered zones 
were identified in th~s mvestigation The nature and extent of fractures are described in the 
following section (11 3 5 2 2), whereas the extent of the "weathered zone" is described in the 
seismic refraction section (I1 3 5 4 3) 

11.3.5.2.2 Bedrock Claystone 

Clay stones are laterally and stratigraphically the most common bedrock lithology beneath 
OU4 These claystones often contain a sigmficant amount of silt, more rarely some sand, but 
can also be nearly pure clay When claystones are proxunal to the surface they commonly 
contain 1 to 6 feet of caliche Most claystones are light-to-medium olive-gray, but occasionally ' @ 29 wpf OU4 Proposed IMlIRA EA Decision Document 

I1 3-95 February 10. 1995 

i 



range to olive black or dark yellowish-orange They are commonly M y  to thlckly hornontally 
lamuted, and rarely thmly to moderately bedded or contam inclined stratification (3 to 15 
degrees from honzontal) 

0 

I 
All these observations are summarlzed on Figure I1 3 5-16 (the subcropping bedrock 

lithology map) and Figures I1 3 5-8 through I1 3 5-12 (geologic cross-sections of the OU4 area) 

Fractures in claystone bedrock were observed in OU4 Phase 1 boreholes 41593,41693, 
41793, 42093, 42493, 42593, 43593, 43793, 44093, 44393, 44693, 44793, 44893, 44993, 
45293, 45393, 45693, 46193,46293, 46393, 46593, and 46793 These fractures occurred 10 
to 40 degrees from homontal and commonly contamed caliche or iron oxide Since some of 
these fractured claystones are located beneath the SEPs, they offer potential migration pathways 
for contammmts to enter the subsurface system Therefore, a specific discussion of fractured 
bedrock claystone beneath the SEPs is presented m Table I1 3 5-2 Additionally, in order to 
provide a more complete geologic picture of the claystone mediately beneath the SEPs, or 
more specifically, where fractured claystone is not found, the discussion in Table I1 3 5-2 is 
extended to include all boreholes that encountered claystone beneath the SEPs 

All observations listed in Table I1 3 5-2 are summanzed on Figure 11 3 5-16 (the 
subcroppmg bedrock lithology map), Figures 11 3 5-8 through I1 3 5- 12 (geologic cross-sections 
of the OU4 area), and Figures I1 3 5-19 through I1 3 5-25 (geophysical cross-sections of the 
OU4 area) 

II .3.5.2.3 Bedrock Siltstone 

Siltstones subcrop beneath northern portions of SEPs 207-A and 207-B North (Figure 
I1 3 5-16) Bedrock siltstones beneath OU4 are brown to light yellowish brown, and rarely 
range to olive brown Siltstones commonly contam horlzontal bedding with manganese and iron 
oxide stamng The largest contmuous subcropping siltstone body occurs adjacent to Arapahoe 
Formation sandstone north of SEPs 207-A and 207-B North (Figure I1 3 5-16) Several studies 
of  modern examples (Miall, 1985) mdicate that siltstones found stratigraphlcally and laterally 
proxunal to fluvial sandstones are commonly overbank or crevasse splay deposits If thls 
inferred association is true, this siltstone body was deposited synchronously with the sandstone 
and therefore is part of the Arapahoe Formahon Other isolated siltstone bodies subcrop m 
boreholes 41793, 40393, 44993, and 40093, and occur 20 to 60 feet below the larger inferred 
Arapahoe siltstone body The lower stratigraphlc position of these siltstones and their lateral 
association with claystones suggest they may be part of the Laramie Formation The lateral 
extent of these subcrops is estunated usmg available data on Figure I1 3 5-16 

' @ 
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II.3.5.2.4 Arapahoe Formation Sandstone 

The depositional envronment of the Arapahoe Formahon has been mterpreted as a 
subaerial fluvial system with associated channel, point bar, and floodplam deposits In the OU4 
area, the weathered Arapahoe sandstones that occur within approxunately 30 feet of the base of 
the alluvium are pale orange, yellowish-gray, and dark yellowish-orange m color These 
weathered sandstones commonly contain iron oxide staimng The unweathered sandstones are 
light gray and olive-gray Most of sandstones are composed of very fine- to medium fine- 
gramed, subangular to subrounded, poorly to moderately sorted, sand that commonly contam 
appreciable amounts of  silt and clay Arapahoe sandstones exhlbit faint homontal lammations 
or bedding and contam calcareous and argillaceous cement Sandstone mtervds ln the OU4 area 
are commonly thmly to thlckly interbedded and interlammated with discontmuous siltstones or 
silty claystones 

An objective of the OU4 Phase 1 borehole drilling at OU4 was to delineate the extent of 
subcroppmg bedrock sandstone and visually determme the presence or absence of fractures in 
it Fulfillmg h s  objective, Figure I1 3 5-16 depicts an estunation of the lateral extent of  
bedrock sandstone based upon currently available information Additionally, the cross-sections 
shown on Figures 11 3 5-8 through II 3 5-12 depict the interbedded, lenucular, and laterally 
discontinuous nature of these sandstone lenses Fracture data for OU4 sandstones are presented 
in Table I1 3 5-4 and m Appendlx 11 I Based on the OU4 cross-sections and the seismic 
refraction data, the Arapahoe sandstone appears to thm and nearly crop out m locallzed areas 
on the hllside north of SEPs 207-C and 207-A The Arapahoe sandstone also subcrops over a 
lunited area m eastern and southern portions of OU4 (Figure II 3 5-16) ' 0 

Figure 11 3 5-16 shows the extent of the subcropplng sandstone in the area of SEPs 207-A 
and 207-C This sandstone appears to be approxunately 20 feet h c k  (borehole 41993 and 
refraction seismic data) and contains clay stone intercalauons Th~s sandstone is potentially a 
path of contaminant migration because of its hgher hydraulic conductivity relative to the bedrock 
clay stone 

The lateral and strabgraphic extent of Arapahoe Formation sandstones proxunal to SEP 
207-C create a complex hydrogeologic system The complexity of the hydrogeologic system m 
this area produces large hydrostatic level fluctuations over short distances m the Upper HSU 
Water levels in momtonng wells southern and western peruneters of SEP 207-C are considerably 
higher (10 to 15 feet) than the water levels indicated by neutron access tubes and found in 
momtoring wells to the north and northeast of the northern perlmeter of SEP 207-C The 
observed hydraulic responses are hydrogeologically linked to bedrock geology The geometry 
of the bedrock geology is a drect result of the depositional system that deposited the sed-unents 

Areas south and east of SEP 207-C contain an approxlmately 7-foot thick subcropping 
sandstone umt that thins to approxunately 2 feet to the east An aquitard consisting of claystone 
and siltstone underlies this sandstone beneath SEP 207-C This sandstone also underlies areas 
to the north and northeast, although it is 20 feet thicker Geologic cross-sections through this 
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area suggest that the sandstone stratum IS wedge-shaped. Thts geometry is common m fluvlal 
depositional systems and probably formed due to helical flow at a bmd bend The geometry 
of interbedded lateral and vertical accretron claystone deposits withm the sandstone stratum also 
contnbutes to this area's complex hydraulic responses 

e 
Ground water in this area generally occurs m the basal portion of the sandstone stratum 

where it is underlain by a claystone aquitard As the sandstone stratum ttuckens to the north and 
northeast, hydrostatic levels decrease to depths that mamtam a fairly consistent water column 
thickness above the aquitard Exceptions to thls scenano are found where mterbedded claystones 
cause ground water to be "perched" above where it would normally be found if the sandstone 
was homogeneous and the system was at equilibrium Site-specific geology and water 
measurements suggest perched ground water may occur m wells P209493 and 40993 when 
recharge events are occumng and the system is not at equilibnum 

A specific discussion of the sandstones encountered in boreholes near or beneath the SEPs 
IS presented m Table I1 3 5-4 All observations listed in Table 11 3 5-4 are summanzed on 
Figure I1 3 5-16 (the subcroppmg bedrock lithology map) and on Figures 11 3 5-8 through I1 3 5- 
12 (geologic cross-sections of the OU4 area) 

11.3.5.3 Bedrock Topography 

An interpreted bedrock surface elevation map was prepared usmg borehole logs and 
seismic refraction data (Figure I1 3 5-13) This surface is the eroded unconformable pedunent 
surface Interpretation of the data reveals a vanable topographc bedrock surface with 
southwest-to-northeast trendmg linear ridges extending into the North Walnut Creek drainage 
from the OU4 pedunent Withm the North Walnut Creek drainage, the closed bedrock contours 
and nearly closed contour highs are interpreted to be isolated bedrock slump blocks with 
probable multiple basal shear planes The closed bedrock contour highs on the pedunent ridge 
are interpreted to be weathered bedrock remnants or construction features associated with 
buildmg the SEPs Additionally, there are four bedrock topographc lows extending from the 
North Walnut Creek dramage Bedrock surface lows are mterpreted to be incised channels, the 
result of pre- and synchronous-Rocky Flats Alluvium erosion on the bedrock pedunent "mesa" 
surface Incised channels on modem stream slopes are pre-colluvium, or pre-Holocene 
Generally, the ridges and lllghs are of low relief (approxunately 5 to 8 feet) and broad in extent 

Pedunent features include two small slump blocks on the northern end of the ponds and 
an inter-pond ridge Refraction Line 3 is interpreted to be on a ridge of bedrock separating SEP 
207-A and the 207-B Series SEPs The closed contour hghs on the northern ends of SEPs 207- 
C and 207-A are interpreted to be slump blocks Boreholes 42093, 41593, and P209489 
adjacent to these slump blocks contain abundant fractures (20 to 30 degrees) and caliche 
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II.3.5.3.1 Incised Bedrock Channels and Preferential Flow Paths 

Bun& incised bedrock channels and ndges are present at the base of the Rocky Flats 
Alluvium and are shown on Figure 11 3 5-13 Five bifurcatmg mcised bedrock surface channels 
are mterpreted to be withm the OU4 area These incised channels are sigmficant because they 
represent preferential flow paths for ground water and contaminants The largest incued channel 
is interpreted to extend entirely through the OU4 area This large incised channel is present 
near the northeastern comer of SEP 207-B North, where it bifurcates around a bedrock hgh 
whch is covered with the Clayey & Silty Lithofacies, and extends northward as one channel 
toward the North Walnut Creek dramige The southern extension of thls mcised channel 
appears to underlie SEPs 207-B North and 207-B Center and the southern portion of SEP 207-A 
Another incised channel bifurcates mto separate mcised channels on the hillside northeastern 
comer of SEP 207-A A topographc hgh m the bedrock surface occurs between these two 
incised channels The remaimg two mcised channels are preSent east of the 207-B Senes SEPs 
These mcised channels begin east of SEP 207-B South and extend northward toward North 
Walnut Creek The other lncised channel is further to the east A bedrock topographic hgh 
approxrmately 350 feet east of the 207-B Senes SEPs separates these bifurcated incised channels 

a 

11.3.5.4 Geophysical Investigation Results 

Borehole geophysical data and seismc refraction data were used to characterize the 
subsurface geology and bedrock paleotopography The objectives of the borehole geophysical 
loggmg were to characterne the subsurface moisture and the geophysical signature of subsurface 
soils and bedrock materials The purpose of the seismic refraction survey was to identify 
subsurface features (buned dramages and bedrock channels) that may provide potential pathways 
for contammint migration 

0 

While interpretation of the geophysical logs was lunited to a qualitative analysis, 
qualitative and quantitative mfonnaoon was obtamed from the seismic refraction survey 
Quantitatively, the refrachon survey aided m the mterpretahon of the bedrock surface 111 areas 
where borehole data were not available The refraction data depict a vanable bedrock surface 
with elevation changes of up to 15 feet over a hornontal distance of 50 feet m some areas 
Qualitatively, the refraction survey depicts zones of hghly weathered bedrock up to 30 feet 
thick, and delineates probable locations of lncised channels 

11.3.5.4.1 Borehole Geophysics 

Geophysical borehole logging techmques were employed m two boreholes which were 
advanced for geological investigation These techmques included natural gamma, neutron, and 
resistivity for further charactemtion of the subsurface geology Gamma logs measure natural 
radioactivity in formations and can be used to identify lithologies and correlate zones Neutron 
logs are porosity logs that measure the hydrogen ion concentration in a formation Where the 
pore space IS filled with water, the neutron log measures liquid-filled porosity The ability of 
rock to transmit an electrical current is almost entrrely the result of water m the pore space (1 e , le 29 wpf OU4 Proposed IMlIRA EA Decision Document 
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mmerals m grams of rock are nonconductwe); therefore resistwity measurements can be used 0 to deterrmne porosity 

The two wells selected for borehole loggmg were 42193 and 44193, both withm the 
Protected Area (PA) at RFP Borehole 42193, located northwest of SEP 207-A, was drilled 
31 3 feet m total depth and terminated in bedrock claystone Borehole 44193, located near tbe 
southeastern comer of the 964 Pad, was dnlled 50 2 feet m total depth and termmated m silty 
claystone bedrock Figures I1 3 5-17 and 113 5-18 show the results of these geophysical loggmg 
surveys combmed with the lithology for each borehole 

Results from the borehole geophysics mdicate that a porous saturated zone is present from 
approxmately 12 1 to 15 0 feet below grade 111 borehole 42193 llus porous saturated ZOIY: 1s 

within a sandy claystone Below this zone is a less porous zone, reflected m the neutron log 
At approxunately 15 5 feet the neutron log lndicates a decrease 111 porosity/molsture coment 
whch corresponds with a lithology change to a claystone Based on the gamma and n e m n  
responses observed m thls borehole, it appears that there is a saturated/porous zone, conssang 
of sandy claystone, lymg above a less porous zone of claystone 

Borehole geophysics indicate that saturated porous rocks are present between 
approxunately 17 5 and approxunately 48 6 feet below grade in borehole 44193 The most 
saturated/porous zone occurs between 20 0 and 21 5 feet below grade A slightly less porous, 
less saturated zone is encountered at approxmtely 25 5 feet below grade and contmues to 
approxunately 29 5 feet below grade llus zone is entirely withxn a claystone umt Another 
saturated/porous zone occurs at approxmately 38 feet below grade, roughly comciding wnfi a 
lithology change from a claystone to a silty claystone In thts borehole, it appears that more 
porous umts, depicted by a hgher moisture content, are separated by less porous zones axh 
lower moisture content 

' a 

The more porous mtervals may serve as homontal pathways for contarmnant transport 
111 the saturated mtervals of the bedrock aquifer Alternatively, the less porous zone may a u  as 
a barrier to vertical contarmnant nugrabon 

The gamma log response between alluvial and bedrock materials 111 these boreholes 
correlates with the lithologic logs In borehole 42193, weathenng of the clayey sandstone 
bedrock and caliche-filled fractures near the bedrock-alluvial contact delayed a sharp gamma 
response for approxmately 2 feet where a "tight" sandy claystone was encountered In borehole 
44193, there was a lack of core recovery between 16 2 and 23 4 feet (the bedrock-alluvial 
contact lies within thts mterval) Therefore, the gamma log response was used to select the 
contact depth The gamma log for 44193 contam a sharp luck at approxmately 19 feet below 
the ground surface This sharp response sigmfies the sudden change from coarse allunal 
materials to finer-grained bedrock claystones and represents the alluvial-bedrock contact 

I 
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0 II.3.5.4.2 Seismic Refraction Data Acquisition 

Seven shallow seismic refracbon survey lmes were recorded m the OU4 area The 
locations of these lmes are shown on Figure II.3 5-7 The refraction data provide amval tune 
differences of an energy wave recorded by geophones at vanous distances from the energy 
source These tunes are plotted versus distance to obtain depth profiles and velocity information 
using SEISREFRA, a ray-tracing computer program The refraction depth profiles developed 
(Figures 11 3 5-19 through I1 3 5-25) were mterpreted usmg geologic mformation to identify 
potential pathways of contammint migration 

The seismic refraction data are lmited by cultural noise, the accuracy of surveyed 
locabons of the refraction lmes, the surface geophone separation, and the geometry of the 
refraction survey The evaporation fans along Lme 4 provided the only cultural noise that 
impacted the OU4 survey, and therefore Lme 4 was not used in the analysis Surveyed accuracy 
of the refraction survey is estunated to be 1 to 2 feet vertically and approxunately 5 feet 
homontally, which is acceptable The 1 to 2 foot vanations observed between lithologic 
borehole logs and the refraction survey data are assumed to be a combmtion of the surveymg 
accuracy, an elevation vanabon resultmg from a spacial separation between the refraction line 
and the borehole, and the accuracy of the refraction survey analysis The surface geophone 
separation of 10 feet restricts subsurface coverage separation to 5 feet Additionally, the 
acquisition geometry of the refraction survey would theoretically allow interpretation to a depth 
of approxunately 150 feet This depth of investigation was restricted by the focus of the OU4 
Phase 1 RFI/RI investigation to the near-surface geological matenals (a depth of approxunately @ 50 feet) 

II.3.5.4.3 Seismic Refraction Data Results 

The acquisition configuration used in the refraction survey of OU4 identified four 
refraction layers While not every refraction depth profile exhlbits all four layers, certain layers 
have common charactenstm These conclusions are drawn from using the geologic borehole 
logs m conjunction with the refrachon depth profiles Generally, the upper layer (Layer 1) is 
less than 5 feet h c k  and has a velocity rangmg from 690 to 1,900 feet per second (fps) This 
layer is associated with the surficial or subsurface soils with a USCS ML classification and an 
alluvium Clayey & Silty Lithofacies classification Coarser-grained subsurface soils tend to be 
geophysically incorporated (transparent), due to theu sunilar acoustical properties of velocity and 
density, into the second layer (Layer 2) The second layer is approxunately 10 feet thick and 
has a velocity ranging from 2,000 to 2,800 fps Thls second layer is associated with the 
unconsolidated coarse-grained geological materials (GW, GP, GM, and GC of the USCS 
classification or the Sandy, Sandy Gravel, or Clayey-Silty Gravel Lithofacies) of the Rocky Flats 
Alluvium or weathered fnable sandstones of the Arapahoe Formation The third layer (Layer 
3) is geophysically sunilar in velocity to the second layer Borehole geology enables an 
interpreted separation between these two layers Layer 3 ranges in thickness from 5 to 30 feet 
and has velocities that range between 2,000 to 3,600 fps This third layer is associated with 
weathered bedrock lithologies The slower velocities typically are weathered, semi-consolidated 
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friable sandstones, and the hgher velocitles are associated with weathered sllty claystones The 
lowermost layer, Layer 4, represents velocitles that are assocrated with consolidated sdty 
claystones and claystones Layer 4 ranges m velocity between 4,700 and 7,500 fps The 
slower velocities are typically lammated siltstones or sandstones mterbecided with claystones and 
the higher velocities are more massive claystones 

0 

The refraction layers e h b i t  an undulating surface charactenstic of fluvial-erosional 
processes Interpreted bedrock elevation differences of approxmately 15 feet over 50 feet 
horizontally are observed Depth to bedrock, obtamed from boreholes, confirmed the seismic 
refraction mterpretatxon 

In some areas, the top of the bedrock is not mterpreted as a sharp erosional contact but 
is gradational from weathered to a more consolidated surface Weathenng of the bedrock umts 
affects the density and velocity measurements The velocity change and/or density change withm 
a lithology typically accounts for a refraction boundary Weathemg results m a gradational 
increase m velocity with depth, between Layers 3 and 4, the base of the weathered bedrock 
refraction boundary Borehole geology supports th~s observation Based upon the few deep 
boreholes that encountered weathered bedrock, the refracaon data do not fully mage the 
weathered zone, but mage an mtennedmte, semi-consolidated weathered zone In general, both 
borehole data and interpreted seismic refracuon data along Lme 2 mdicate that the depth of 
bedrock weathemg may be 30 feet or more However, descnptions of the lithology from 
boreholes (P2088898 and P209589) along Lme 5 also place the base weathemg at approxunately 
30 feet into bedrock, but the refractor associated with the semi-consolidated "weathered" layer 
extends only to a depth of 10 feet into bedrock at these borehole locations Even though the 
refraction data do not always detect the base of weathering, areas where more intense weathering 
has occurred can be identified The deepest area of weathermg or semi-consolidated bedrock 
is identified in the North Walnut Creek drainage, where approxunately 30 feet of bedrock are 
affected 

' a 

Incorporatmg the refractxon data mto the bedrock surface map facilitated identification 
of potential contaminant pathways The mterpretation identified bedrock lows where potential 
incised channels may exist, located zones of "weathered" semi-consolidated bedrock where 
fracturmg may be more extensive and permeabilities lugher, distmguished the geometry of a 
subcroppmg sandstone lenses, and also identified potential slump-block features north of the 
SEPs The followmg section discusses the depth profiles denved from the refraction survey and 
the integration of lithologic information from subsurface dnllmg 

II.3.5.4.4 Depth Profiles 

Geologic data obtained for both historical and OU4 Phase 1 boreholes located along and 
adjacent to the refraction survey lmes (Figure I1 3 5-7) were used to relate the velocity layers 
to lithology and to map the alluvium-bedrock contact Two designations are used for subsurface 
borings used in the interpretation of the refraction depth profiles and are termed "plotted" and 
"spotted" boreholes Plotted boreholes are those found withm about 20 feet of the refraction h e  la 29 wpf OU4 Proposed lMlIRA EA Decision Document 
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where ground elevahon was approximately colncident with the refracuon llne Spotted boreholes 
also occur at distances less than 20 feet, but are much lower or bgher m elevahon than the 
refractlon h e  Since the ground surface elevahons of the spotted boreholes are different than 
the refraction Ime, dwrepancies between the refraction depth profile and borehole geology 
occur However, the geology from the spotted boreholes was used for lithologic charactemation 
of the refraction layers 

Data used from the plotted boreholes mcluded ground surface elevatlon, sod and 
lithologies observed, top of bedrock, and the total depth dnlled Only lunited geologic 
information was used from the spotted boreholes because of the discrepancies caused by thelr 
distance from the refraction survey Ime Although not specifically shown on the refraction depth 
profiles, the th~ckness of soil and bedrock lithologies between ground level and the top of 
bedrock, and thickness of coarse- and fme-grained alluvium, were used to supplement the 
refraction profile mterpretation 

Geophysical Line 1 Depth Profile 

Figure I1 3 5-19 shows the depth profile results of the refraction survey for Lme 1 Ths 
h e  is along the eastern edge of the 207-B Senes SEPs All four refraction layers are depicted 
The upper layer and the thud layer are not contmuous along the refraction depth profile, but are 
present along the northern end of the h e  Borehole geology indicates that the upper layer is 
generally composed of subsurface soils that are typically silty (USCS ML, or the Clayey & Silty 
Lithofacies) The upper layer (Layer 1) has a velocity signature of approxunately 1,700 Qs and 
has an approxunate tluckness of 1 to 3 feet, and thickens to 5 feet on the hillside north of the 
SEPs 

a 
Based upon borehole geology, the second layer is composed of gravel and gravelly soils 

(GW, GM, GP, and GC, Sandy Gravel, Clayey-Silty Gravel Lithofacies) The other adjacent 
pond refracoon profiles, Lmes 2 and 3,  have a sunilar layer Thxs layer may represent the 
major component used rn the construchon of the berms surroundrng the 207-B Senes SEPs The 
material exhibits a velocity between 2,000 and 2,800 fps and is approxunately 10 feet thlck For 
most of the depth profile, the second layer rests dlrectly upon the competent bedrock surface 
(Layer 4) Along the northern 100 feet of the Lrne 1 refraction profile, an approxunately 10- 
foot-thick section of sem-consolidated "weathered" bedrock exists Th~s zone may be associated 
with the more extensive and tlucker rntermediate weathering zones of North Walnut Creek 

Two spotted boreholes, P210289 and 05393, are approxunately 15 feet to the west of 

Seven 
Line 1 and have bedrock elevations 3 to 5 feet higher than the consolidated bedrock refractor 
This variance is attributed to the boreholes being spatially separated from the profile 
additional boreholes are plotted along the depth profile and establish the lithology 
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Geophysical Line 2 Depth Profie 

Figure 11 3 5-20 shows the refraction depth profile for Lme 2 Three refraction layers 
are depicted Lme 2 is along the northern edge of SEPs 207-C, 207-A, and 207-B North Lme 
2 is not contmuous Lme 2 has a lateral gap m the recordlng of subsurface mformation of 
approxunately 50 feet at the 230-foot station Th~s gap adjusts Line 2 to accommodate the offset 
configuration of SEPs 207-C and 207-A Because the profile was acquired along the strrke of 
the hillside, generally boreholes even as close as 5 feet could only be spotted and not plotted 
onto the profile because they were much different m elevation than the line As a result, 
geologic and refraction mtervd data were compared on a thdcness basis 

East of the 500-foot statIon on Lme 2 (Figure I1 3 5-20), the upper layer is interpreted 
to represent subsurface sods Around the 800-foot station, thls layer is composed of gravelly 
alluvium (USCS GW, GM, GP, and GC, Sandy Gravel Lithofacies) The material has a 
velocity of approxunately 1,400 fps and an approxmate thickness of 5 to 8 feet Further to the 
west between the 500- to 700- foot stations, the layer thm to 1 to 3 feet thick and slows in 
velocity to 920 fps, which is mterpreted to represent surficial or subsurface alluvium similar to 
the Clayey & Silty Lithofacies, or a USCS "ML I' East of the 500-foot station, this upper layer 
rests upon the bedrock surface whxh is composed of a weathered sandy claystone to claystone 
The depth of the sem-consolidated "weathered" zone is 10 to 15 feet below the bedrock surface 

Geophysical Line 3 Depth Profile 

Figure I1 3 5-21 shows the depth profile for Lme 3 This line is along the eastern edge 
of SEP 207-A and the western edge of the 207-B Series SEPs (Figure I1 3 5-7) All four 
refraction layers are depicted The upper layer and the thud layer are not contmuous along the 
refraction depth profile, but are present along the extreme northern end of the line The profile 
lithologies are derived from Lme 3 mtersectmg withm Line 2 The upper layer is classified as 
the Clayey & Silty Lithofacies and has a m a x m m  thckness of about 2 to 3 feet The semi- 
consolidated "weathered" layer, consistmg of a silty-claystone, has a maxmum thickness of 
about 10 feet 

The prevailmg composition of the second layer of Lme 3 is gravelly alluvium (Sandy 
Gravel, Clayey-Silty Gravel Lithofacies) The matenal has a velocity between 1,900 and 2,500 
fps and is approxunately 15 feet thlck For most of the refraction profile, the second layer rests 
directly upon the consolidated bedrock surface (Layer 4) The velocity of the consolidated layer 
ranges from 5,600 fps to 5,800 fps This mter-pond consolidated layer is approximately 500 
fps slower than the other refraction profiles for Layer 4 

Five plotted boreholes SP0587,41693, P209089, SPO987, and 43993 are about 10 to 22 
feet west of Line 3 and have bedrock elevations approxmately 3 to 5 feet lower than the 
refractor This variance is attnbuted to the boreholes being spatially separated from the profile 
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Geophysical Line 4 Depth Profile 

Figure J l  3 5-22 shows the depth profile results of the refraction survey for Lme 4 and 
is mcluded only for completeness. The data are disregarded due to mterference from noise 
generated by the nearby evaporator fans 

Geophysical Line 5 Depth Profile 

Figure I1 3 5-23 shows the depth profile for Llne 5 This line is along the northern edge 
of the PA fence (Figure 113 5-7) All four refraction layers are depicted The upper layer is 
not contmuous along the refracQon depth profile, but is lmted to the western end of the lme 
Usmg the lithologic descnption from borehole 40693, the upper layer consists of the Clayey & 
Sllty Lithofacies and has a maxmum hckness of 2 to 3 feet with a velocity of 780 fps 
Lithologic mformation from borehole 42693 and the slightly slower velocity of 990 fps indicates 
the Clayey & Silty Lithofacies is also present m the 250- to 450-foot station area, but is 
interpreted to compnse only 1 to 2 feet of the second layer 

The second layer on Line 5 is nearly contmuous, being absent only at the 1,130-foot 
station area where the bedrock is mterpreted to crop out Layer 2 is interpreted to be composed 
of both fine-gramed and coarse-gramed alluvium The thickness of the second layer ranges from 
0 to 10 feet thlck, bemg the thlckest at the 500- to 600-foot station area and at the 1,330-foot 
station The second layer velocity ranges from 990 to 1,700 fps Using the descnption of the 
lithology from the boreholes, the slower second layer velocities are alluvium slmilar to the 
Clayey & Silty Lithofacies, while the higher velocities are sunilar to the Clayey-Silty Gravel 
Lithofacies The base of the second layer is interpreted to be the top of bedrock 

I 0 
The tlmd layer for Lme 5 is mterpreted to be the semi-consolidated "weathered" zone 

in whch the bedrock acousQc propefies have been altered by weathenng The semi- 
consolidated "weathered" layer ranges m velocity from 2,300 fps to 3,600 fps and ranges m 
duchess from 5 to 15 feet Usmg the borehole lithology descriptions, the semi-consolidated 
"weathered" bedrock refracQon layer is composed of silty clay stone to clayey siltstone 

Along Lme 5, Layer 4 has a velocity range from 5,800 to 7,500 fps The 5,800 fps 
velocities are between the 900- to 1,330-foot stations Usmg the deep log description of 
boreholes 3987 and p209589, thls surface may represent a ground water table present withln the 
bedrock The highest 
velocity of the refraction survey (7,500 fps) is between the 450- and 5W-fOOt stations 

Higher velocities to the west are interpreted as consolidated bedrock 

Four boreholes 40693, SP1087,42693, and P209889 are located between 10 and 25 feet 
from Lme 5 Both ground elevations and bedrock elevations of the boreholes and the depth 
profile are approxlmately 3 to 7 feet apart This variance is attributed to the boreholes being 
spatially separated from the refraction lme 
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Geologic cross-sectron RB' (Figure I][ 3 5-9) was constructed usmg the geologic data 
from boreholes on and adjacent to geophysical LE 5 for comparatrve purposes The 
geophysical data correlates with borehole data quite well, the small discrepancies are attnbuted 
to the slight differences m alignment of the two lmes 

0 

Geophysical Line 6 and 7 Depth Profiles 

Figures I1 3 5-24 and II 3 5-25 show the depth profile results of the refraction survey for 
Lues 6 and Lme 7, respectively Lmes 6 and 7 are within the North Walnut Creek dramage 
and display srmilar lithologies Both lmes indicate a thicker Layer 1 compared to the previous 
refraction depth profiles The upper layer ranges m thickness from approxmately 5 to 20 feet 
Using the borehole geology descnptions along Lme 7, the upper layer is composed of a more 
coarse-gramed fraction whrch is reflected in a slightly hrgher velocity The velocity for Layer 
1 is 1,200 fps for Lme 6 and 1,300 fps for Line 7 Withrn Layer 1 on Line 7 ,  an additional 
layer is discerned Th~s layer is about 1 to 2 feet h c k  and has a velocity of 690 fps For Lues 
6 and 7, the depth profiles show the upper layer resting directly upon the semi-consolidated 
"weathered" bedrock layer The velocity of the weathered layer ranges from 2,000 to 2,200 fps 

11.3.5.5 Summary 

Based upon the geological mvestigahons within OU4, four potential contaminant 
pathways were idenQfied These pathways are the incised bedrock channels which are often 
filled with matenal (Sandy, Sandy Gravel Lithofacies) that exhibits a relatively higher value of 
hydraulic conductivity (- lo-* to lo4 cdsec) than other alluvial or bedrock umts, the semi- 
consolidated "weathered" bedrock zone identified by borehole and refraction seismic data, a 
sandy lens beneath the area of SEP 207-C, and fractures within the claystone bedrock 

' 

There are mcised bedrock channels that will affect the flow of subsurface fluids The 
incised channels generally contam Sandy and Sandy Gravel Lithofacies, whch have a hgher 
value of hydraulic conductivity associated with them m companson to the Clayey-Silty Gravel 
and Clayey and Sllty Lithofacies The incised channels and alluvium stratigraphic profile may 
affect the flow duection of fluids w i h n  the Rocky Flats Alluvium Areas on Figure I1 3 5-14 
overlain by the Sandy or Sandy Gravel Lithofacies are potential contaminant pathways into 
bedrock, especially if these areas are underlam by a sandstone, siltstone, or fractured claystone 
(Figure I1 3 5-16) The potential pathway is further mitigated or enhanced by the physical 
characteristics (I e , predommnt grain sue, porosity) of the alluvial material lying 
stratigraphically above that shown on Figure I1 3 5-14 Cross-sections showing the stratigraphy 
of alluvium (Figures I1 3 5-8 through I1 3 5-12) above potential pathways gleaned from Figures 
I1 3 5-14 and I1 3 5-16 suggest the area around SEP 207-C has the greatest potential for 
contaminant migration because of the underlymg Arapahoe Formation sandstone 

Also, as indicated by the semi-consolidated "weathered" zone of the refraction data, the 
depth of the weathenng has affected the upper portion of the bedrock surface In North Walnut 
Creek, this zone has extended into the bedrock to a depth of approxmately 30 feet Based upon 
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the reframon data, the semr-consolidated "weathered" zone has a slower velocity than the 
consolidated bedrock lndicatmg that the porosity of the weathered bedrock has mreased Thls 
is a potentd migraQon pathway because weathemg may have affected the transmission and 
retention properties of the upper bedrock strata 

@ 

The sandy lens of the Arapahoe Formation sandstone is larger than what is delineated by 
borehole control and extends to the west beyond the northwestern edge of SEP 207-C This is 
a potential contaminant transport pathway because of its higher hydraulic conductivity relative 
to the claystones 

Lastly, the fractures associated with the slump blocks may provide a potential pathway 
for contaminant migration The southern extent of the fractured bedrock at least involves the 
northern portion of the SEPs 
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II.3.6 Quality Assurance/QuaIity Control Results 

I 
This section provides an evaluation and summmzes the results of the QNQC procedurrs 

m place dumg the OU4 Phase I RFI/RI and evaluates whether QA/QC goals were ma. 
Additionally, an evaluabon of the usability of both the OU4 Phase I RFI/FU and the hstoncal 
data sets is presented in thu section While summarized results are presented in these sections, 
individual compiled data groups from which the summary results were denved are listed m 
Appenduc I1 Y 

11.3.6.1 Results of AuditdDeficiency Reports 

The deficiency reports generated as a result of field QA audits during the OU4 Phase I 
RFI/RI were reviewed The audit reports and corrective actions documents associated with the 
OU4 Phase I RFI/RI field activities are included in Appenduc 11 K Dunng the field activitm, 
several audits were conducted followmg the schedule outlined in the sitewide Quality Assurance 
Project Plan (QApjP) A number of deficiencies were identified and the appropnate repom 
were generated The following is a general summary of the deficiencies noted 

Incorrect or incomplete informahon presented in the field logbooks, 
Incorrect completion of various field forms, 
Improper radiation screerung and containenzing of PPE, 
Storage of more drums than permitted per pallet, 
Record package transmittal problems, and 
Use of hollow-stem auger drilling methods instead of drive sampler 

All of these deficiencies were addressed, however, only two corrective action documem 
were prepared summmmg the actions taken to address the deficiencies None of the 
deficiencies noted d m g  the OU4 Phase I RFI/RI affected the quality of the data generated. 
In general, field activities, mcludmg sample collection and handling, were conducted withm tk 
quality requirements outllned in the QAPjP, Work Plan QAA, TM1, and TM2 

II.3.6.2 OU4 Phase I RFURI Data Management and Quality 

This section provides a discussion and summary of the data management practices used 
durrng the OU4 Phase I RFI/RI an provides an evaluation of the data quality and usability 

I 11.3.6.2.1 Data Management 

The data presented m the summary tables and figures throughout Section II 3 0 of tlm 
report represent the results of the OU4 Phase I RFI/RI obtained to meet the data qualny 
objectives outlined in Sections 4 0, 7 0, 9 0, and 10 0 of the Work Plan and the subsequent 
techcal memoranda (TM1 and TM2) Data quality objectives are qualitative and quantitatm 
statements that specify the quality and quantity of data required to support the objectives of lire 

I OU4 Phase I RFI/RI Data quality levels appropriate to the data need and data use are specified 
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m Table 4-1 of the OU4 Phase I RFVRI Work Plan Data quality levels are specified m Secbon 
7 0 of the OU4 Phase I RFI/RI Work Plan 

Dumg the field samplmg and analysis program, a comprehensive set of field 
observations, field measurements, and laboratory data were generated to augment the histoncal 
data set for OU4 The data developed dumg the OU4 Phase I RFI/RI provide additional 
information to charactenze the site physical features and to evaluate of the nature and extent of 
contammation in the unsaturated zone 

The data obtained during OU4 Phase I RFI/RI were evaluated independently of the 
historical data set, and an evaluation of the OU4 Phase I RFI/RI data usability is presented here 
The historical data were evaluated to determme usability for incorporation into the OU4 Phase 
I RFI/RI data set and m the evaluation of the nature and extent of contamination The OU4 
Phase I RFI/RI and histoncal data used mclude both validated and invalidated data sets 
Rejected data are presented in the appendices but are not incorporated mto the evaluation of the 
contaminant sources or statistical analyses 

All OU4 Phase I RFWRI data are used in the determination of the data usability 
Analytical data results from soil samples collected above the maxmum vadose zone hckness 
(mmmum histoncal ground water elevation) were used to determme the nature and extent of 
contammation m the vadose zone More discussion on the rationale for usmg the data from the 
defined unsaturated horzon is presented in Section I1 4 1, Data Quality and Useability 

Strict handling, storage, and shlppmg procedures following SOP-FO 13 were maintained 
throughout the field program Documentation of field activities and data tracking sheets were 
maintamed as specified m the various SOPs by the Field Activities Task Leader in the field 
office and were penodically transferred to EG&G and the QA contractor for review QA 
records were mamtamed in the field trailer per Field Document Control procedures (SOP- 
FO 02) The QA records were transferred to EG&G on a specified schedule throughout the field 
program 

e 

n.3.6.2.2 Data Usability Summary 

The OU4 Phase I W I / N  was conducted in accordance with the sitewide QAPjP and the 
SOPs as amended by the Work Plan, QAA, and existmg TMs Procedures for data quality 
control, verification, entry into WEDS, archving, and security followed SOP FO 14 DQOs 
were imtially established in the Work Plan The sampling and analysis activities were 
unplemented using these Work Plan objectives and all addenda to these objectives as outlined 
in TM1 and TM2 Per EPA-guidance, DQOs are expressed in quantitative and qualitative terms 
of precision, accuracy, representativeness, completeness, and comparability that are referred to 
as the PARCC parameters 

1 This section presents the summary of the data usability for the OU4 Phase I RFI/RI data 
The data usability summary evaluates how the data quality supports or lmits the achievement 
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of the prescnbed DQOs, and how the quality of the data affects the usability of the data 
Achevements of the mdividwl PARCC parameters m relahon to media and analyt~cal method 
are descnbed along with broad rmpacts to the data sets for the OU4 Phase I RFI/lU 

0 
The hstoncal data usability is also descnbed m this secbon The hlstoncal data are 

presented separately because the laboratory and field quality control procedures for the hlstoncal 
data varied over tune and varied from the OU4 Phase I RFI/RI data quality control procedures 

I 

11.3.6.2.3 Data Validation 

Analytical data collected dumg OU4 Phase I RFI/RI used EPA and other well- 
established methods that are identified in the GRRASP (EG&G, 1991) and QAPjP The 
analytical data were reviewed and validated independently of the laboratory or the sample 
collection contractor, and the results were documented m data validation reports Standard 
method-specific data validation procedures developed by the Environmental Restoration Division 
(ERD) and based on the EPA CLP data validation functional guidelmes were used to validate 
the data 

The three classes of data quality used by ERD are 

V - Valid and usable without qualifications, 
A - Acceptable for use with qualifications, and 
R - Rejected 

Other qualifiers, as presented in Table I1 3 6-1, fall within these three basic categories 
For the purposes of the OU4 Phase I RFI/IU, valid and acceptable data were considered of equal 
utility Rejected data were not used m any statistical computations or contamlnant source 
evaluation 

Table II 3 6-2 summames the status of the OU4 Phase I RFI/FU data validation by media 
and analyte group As of March 1994, 87 percent of all OU4 Phase I RFI/RI data have been 
validated Data that have not been validated at the tune of preparation of this document are used 
to provide adequate quantities of data for contamlnant evaluation and statistical analysis 
(invalidated data are noted m Appendlx I1 Y) As idenbfied from the validated data, the 
integrity of the data is confirmed by the large percentage of acceptable results Of the 87 
percent of the data that have been validated, only 1 26 percent have been rejected 

Listed in Table I1 3 6-3 are summanes of the reason codes used in the data base by the 
data validation contractor Table I1 3 6-4 presents the reason codes which were identified for 
the rejection of data The most common reasons identified for the rejection of data are related 
to the failure of the orgamc calibration cntena or surrogates being outside of method criteria 
(codes 40, 41, and 42) The second most common rejection cntena are related to laboratory 
control samples, transcription errors, or laboratory control sample relative percent error criteria 
not being met (codes 32, 52, or 62) The rejected data have not been used in the evaluation of 
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a the contammmt sources or for statut~cal analysis The overall low percentage of rejected data 
(< 2 percent) indicates that use of the invalidated data should not compromse the validity of 
the resultmg conclusions 

II.3.6.2.4 Assessment of OU4 Wase I RFURI Data Usability 

The quantitative critena for measurmg precision, accuracy, and completeness and the 
qualitative cntena for evaluation of representahveness and comparability are defined w i b  the 
QAPjP For the OU4 Phase I MRI, analytical data were evaluated accordmg to control lmts 
specified in the referenced analytical method and/or 1 ~ 1  the data validation guidelmes For the 
radionuclides analyses, the accuracy objectives specified in the GF2RASP for the WETS sitewide 
QAPjP was followed The specified cntena for precision and accuracy are descnbed m the 
Work Plan QAA Precision and accuracy for the non-analytical data were acheved through 
protocols outlined in the agency-approved SOPs and PCNs The completeness objectrve for the 
OU4 field and analytical data was 100 percent, although the m m u m  acceptable goal set forth 
in the Work Plan was 90 percent The methods and protocols used to select samples that were 
both representatwe and comparable are descnbed in Work Plan and 111 the referenced SOPs of 
the FSP 

Precision 

Precision is a measure of mutual agreement among individual measurements of the same 
property, under identical conditions Precision is assessed by means of laboratory and field 
duplicates sample analysis The objective of calculating sampling precision is to demonstrate 
that reproducibility of measurements between sunilar samples is acceptable Precision is 
quantified by calculatmg the relative percent difference (RPD), whch is the quotient of the 
difference between the field (real) and duplicate analytical result and the average of those results 
for the given analyte expressed as a percentage 

Where RPD = Relative Percent Difference, and 
V,, V, = the values of the duplicate samples 

For those analyses where the reported value is the detection lunit, one-half the detection limit 
was used for calculating RPD 
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Field Precision 

Followmg the field sample collection procedure, aqueous field duplicates firom the vadose 
zone were collected usmg the same samplmg techque that was used for the real samples Sod 
sample duplicates were obtiuned by splittmg the interval or cokchon area being sampled 
Volatile orgaruc duplicate sod samples were obtamed by collectmg two 3-ich brass sleeves m 
senes withm one split-spoon sampler 

Comparrson of the data results from the real and duplicate samples provldcs a measare 
of the sample homogeneity and samplmg techmque precision with the amount of error ambuted 
to sample techque andor vanability m the analyte concentration in the medium bemg sampled 
The field precision objective specified m the OU4 Phase I RFI/RI Work Plan QAA 1s to obmn 
an RPD of 5 3 0  percent for water samples and A40 percent for homogeneous. nonaqu#Nls 
samples (soil) 

In conjunction with the precision objectives outlmed m the QAA, the number of dupb te  
samples requlred to demonstrate precision was one duplicate pa r  for every 10 samples c o l l d ,  
or 10 percent of the field samples Table 11 3 6-5 lists the achieved field QC sample freqwucy 
for the OU4 Phase I RFURI The overall duplicate raQo acheved is 6 25 percent, or one 
duplicate for every 15 6 field samples collected The field duplicates collected dumg &e 
borehole and surficial samplmg programs each acheved a ratio of 1 in 14 and 1 L I ~  €7, 
respectively (Table 11 3 6-5) The vadose zone extraction samples acheved a rad0 of 1 111 11 
Ths very low ratio of duplicates to samples is the result of the low production rate of vadose 
zone water from the lysuneters, malung duplicate samples difficult to obtain a 

A list of the duplicates and associated field samples (QC partners) is presented by method 
and analyte group m Table 11 3 6-6 A summary table of the degree to which the k l d  precaon 
goals are met is provided m Table 11 3 6-7 Calculated RPDs are presented 111 Table I1 Y-l I I ~  
Appenduc I1 Y 

Based on the avallable analytical results, RPDs were calculated for a total of 67 d u p m  
pans Overall, a total of 89 5 percent of the field duplicates analyzed met the &Id preclsnon 
goal Approxunately 13 percent of the total duplicate paus were either not avallable, r e j d ,  
or validation had not been preformed or requested These samples were excluded from &e 
analysis For metals and radionuclides with failed RPDs and at concentrations near &e 
quantitation I n i t  as defined m the GRRASP, precision may be expressed as acceptable when 
the analyte concentration difference between the sample and duplicate fall withm the CRQL of 
each other Using thx as a cntenon, the overall precision goal is 93 2 percent. 

All the 162 calculated RPDs from the field duplicate soil samples analyzed for pestlcdes 
and PCBs met the precision goals Excluded from the analysis were 27 duplicate analyses &at 
did not have available results 

Reproducibility between the field and duplicates samples for the metals and radionuclhks 
is difficult to achieve in soils due to the inherent heterogeneous nature of the samples Sane 
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of the duplicate sample pam analyzed for radionuclides reported concentrations near the 
mmnunum detectable activity O A )  or were negatlve values Reproducibility under these 
circumstances is difficult because of the analytical limitatlorn and therefore, may not reflect poor 
field precision Of the samples compared, radionuclide and metal field duplicate pairs met the 
RPD field precision goals m 64 8 percent and 84 4 percent, respectively If the CRQL cntena 
were used, field precision goals were met m 87 0 percent for the radionuclide pairs and 91 4 
percent for the metal paws 

* 
Semivolatile orgamc compound field duplicate pam met the field precision goals in 94 6 

percent of the samples compared Review of the RPD calculations (Appendix I1 Y) indicates 
that 11 of the 29 failed RPD calculatrons are idenufied in one field duplicate pair 
(SS40038/SS40016) Thrs amount of failed pars associated with one sample may suggest either 
heterogeneity of the matenal collected or poor collectlon practices at this one specific location 

Imtially, 12 duplicate soil parrs were collected for determination of volatile orgmc 
compound field precision goal (Table I1 3 6-7) The mtn l  percentage of analytes achieving the 
field precision goals is 78 8 percent Review of the RPD calculations (Appendw. I1 Y) indicates 
that the majonty (68 of the 112) of the RPDs that exceed the precision goal are from two 
duplicate paus (BH40197/BH40406 and BH403861BH40561) These two pairs failed in all of 
the 34 chemical RPD tests Removmg these two failed duplicate pairs suggests that the overall 
field samplmg methods were acceptable for collectlon of volatile orgamc compounds Five 
acetone results and eight 2-butanone results were rejected by the data validators and therefore 
were not included m the statistical analysis of the precision cntena For the toluene duplicate 
pairs, five of the nme remaimng pair results failed to meet the RPD precision goals Removal 
of all of these RPD failed parrs results m 98 3 percent of the remaimng volatile duplicate 
samples achevmg precision goals (Table I1 3 6-7) 

a 
In summary, the purpose for collectmg field duplicate samples is to evaluate the precision 

of the laboratory analyses and to evaluate the heterogeneity of contaminants in the sample 
matnces Although the quantity of field QC samples was not fully met, the analytical 
requmments for the samples that were collected generally meet the QC requirements for 
precision It is udlkely that collectmg additional field duplicates would adversely affect this 
evaluation of precision 

Laboratory Precision 

Laboratory precision is evaluated through the use of laboratory duplicates for inorgamc 
analyses, and matrix splkes (MS) and m a m  splke duplicates (MSD) for the organic analyses 
Duplicate precision is calculated as an RPD, MS/MSD precision is assessed by calculating an 
RPD between the percent recovenes observed for the method-specific splked compounds As 
set forth in the OU4 Phase I RFI/RI Work Plan and the QAA, laboratory precision goals are 
mandated by the analytical method for each group and assessed for achievement during data 
validation Data not meeting the precision goals set forth by the method are rejected 
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Accuracy 0 
The accuracy of the field data obtalned is a funcbon of the samplug techmque, potential 

for sample contaminabon, and the analytical capabilibes of the laboratory Accuracy means the 
nearness of a result (or the mean of a set of results) to the true value Accuracy is assessed by 
analysis of reference samples of known concentrations, percent recoveries for splked samples, 
and by review of blank data (field equipment nnsate, trip, or method blanks) which may have 
an effect on measurement accuracy As set forth in the OU4 Phase I RFI/RI Work Plan, 
accuracy objectives for analytical data collected for the OU4 Phase I RFI/RI were evaluated 
accordlng to the control l m t s  specified in the reference analytical method and/or in the data 
validation guidellnes For the radionuclide analyses, the accuracy objectives are specified in the 
GRRASP Specific cntena for accuracy are described in the QAA 

Field Accuracy 

Field accuracy is assessed by compmng sample analyte concentrations to those present 
in associated field blanks Only the equipment m a t e  blanks were requlred by the QAA for the 
OU4 Phase I RI/RFI The equipment m a t e  blanks are used to momtor for sample cross 
contammation and the effectweness of the decontamination process The blanks are collected 
by rmmg decontaminated sampllng equipment with laboratory-grade water, placing the liquid 
in the appropnate sample contamer, and preservmg as is requlred 

Table I1 3 6-5 presents the proposed and actual frequencies for equipment rinsate 
sampllng The field QC sample frequency goal is one in 20 or 5 percent The total number of 
rinsate samples collected was 12, representug a ratio of approxmately one in 43 or 2 3 percent 
The ratio of surfkial soil samples (1/28) to nnsate samples is the closest to achieving the 
proposed frequency ratio M a t e  to borehole field samples (1/43) and vadose zone water 
samples (1/64) exceeded the proposed goal of one in 20 

' a 

Table 11 3 6-8 presents the detections of orgmc compounds 111 the equipment m a t e  
blanks The volatile orgamc compounds acetone and methylene chlonde that were detected in 
the rmate blanks are common laboratory solvents and are often madvertently introduced into 
samples from the laboratory atmosphere, as noted m the CLP SOW for orgamc analyses For 
these volatile compounds, the CRQL was exceeded twice in five analyzed rinsate samples 
Other volatile compounds detected u the equipment rmate samples include 1,1,2,2 
tetrachloroethane (2 pg/L), 2-hexanone (5 pg/L) , and 4-methyl-2-pentanone These detections 
were below the CRQL All of the volatiles have k e n  detected m a number of soil samples 
(real) dumg the OU4 Phase I RFI/RI (Appendvc I1 Y) A discussion of the utility of this data 
for evaluating the nature and extent of contamination is presented m Section I1 4 0, Nature and 
Extent of Contammation 

The only semivolatile orgamc compound detected in the equipment rinsate blanks was 
dimethyl phthalate It was detected above the laboratory's CRQL (10 pg/L), and as with the 
acetone and methylene chlonde, dunethyl phthalate IS a common laboratory contaminant 
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Table II 3 6-9 presents the detectlons of metals m the equipment m a t e  blanks The 
most common metals idenQfied m the flllsate samples were iron and silicon Iron was detected 
m three m a t e  samples analyzed and was above the laboratory’s CRQL Silicon was detected 
and was above the CRQL m four samples Calcium, lead, sodium, and zm were detected 
above the CRQL m vadose zone equipment m a t e  sample number VE40834AE Mercury was 
above the CRQL in one surface soil sample while the amount of tin was below the CRQL in one 
borehole The results of the equipment m a t e  samples do not alter the conclusions drawn 
regarding the surface soil or borehole soil chemlstry related to metals because of the numerous 
other supportmg field samples and controlled QC samples 

@ 

Nitrate/mtnte was detected at concentration above the CRQL in five of the six water 
quality equipment nnsate samples (Table 11 3 6-10) Sulfide was detected in two rinsate samples 
analyzed Companson of the concentrations of mtrate/mtnte identified in the soil and vadose 
zone waters with the nnsate sample results mdicates that the levels present in the rinsates do not 
alter the conclusions drawn regardmg the distnbution of mtrate/mtnte at the site The level of 
sulfide present m the vadose zone m a t e  sample may suggest that sulfide concentrations detected 
in the vadose zone should be scrutmzed Pesticides and PCBs did not occur in the equipment 
m a t e  blanks 

As presented in Table 11 3 6-11, the majonty of the concentrations of radiological 
compounds detected rn the m a t e  samples were below the CRQL The rinsate sample SS40579 
did contain americium-241, plutomum-239/240, and uramum-233/234 above the CRQL without 
accountmg for the potential error mtroduced by the analytical method Rinsate sample BH40826 
collected near borehole 46893 contained amencium-241 and gross beta above the CRQL In 
addition, borehole rinsate sample BH40025AE contained a gross beta result above the CRQL 

CRQL and do not appear to have adversely affected the quality of the associated field samples 

e 
I The concentrations identified in these equipment nnsate samples are below or very close to the 

Due to the absence or low concentrations observed in the nnsate samples, the equipment 
blank data mdicate that the samplmg equipment was not a sigmficant source contnbuting to the 
observed analyte concentrations in the soils and vadose zone pore water m OU4 Phase I R.FI/RI 
samples Although the quanuty of equipment nnsate blanks required under the Work Plan was 
not met, the presence of site contarmnants in the blanks were at sufficiently low levels that 
decisions presented in th~s IM/IRA EA DD could not be influenced by possible cross- 
contammation of samples from unproperly clean samplmg equipment 

Laboratory Accuracy 

Accuracy of the laboratory data is assessed through the calculation of the percent 
recoveries (%R) from MS samples for inorgmc analytes, MS/MSD samples for orgmc 
analytes, and any in-house or blmd certified standard that the laboratory analyzes as part of the 
required QNQC program Acceptable accuracy for morgamc MS samples is routinely a 
recovery between 75 percent and 125 percent The %R for the orgamc MS/MSD analyses is 
mandated by analytical methods for the specific spiked compounds Acceptable accuracy of the 
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m-house standards is a rezovery between 80 percent and 120 percent Use of method blanks 
analyses m the laboratory also assist in analytical accuracy All these measurements are 
evaluated dumg the method data validation process When analytical accuracy goals are not 
aciueved, data are reje~ted 

@ 

Evaluation of  the validation reason codes cited for data rejection as summarized in Table 
I1 3 6-4 mdicates that the rejection of data can often be associated with accuracy problems 
However, as discussed in the validation section, less than 2 percent of  the validated data have 
been rejected, whch suggests that accuracy is not a sigmficant problem with the currently 
validated data set 

Representativeness 

Representatweness expresses the degree to whch sample data accurately and precisely 
represent a characterrstic(s) of  a population, parameter vanations at a samplmg point, or an 
environmental condition Representativeness is a qualitative parameter that is most concerned 
with proper network design, sampling locations, and samplmg methods 

Representatweness of  the sources of contamination in OU4 subsurface soils, surface 
samples, and vadose zone fluids is supported by the extensiveness of  the OU4 Phase I RFI/RI 
samplmg effort m charackmmg the mvestigation area Representativeness is considered in 
project p l m g  and is supported by the Work Plan, TMs, QAA, and associated operating 
procedures The Work Plan and subsequent TMs were designed based on the results of  the 
previous investigations and the DQOs identified The sampling activities were designed and 
conducted to optlmlze the network of soil bormgs, piezometers, and vadose zone monitoring 
points to define the existmg sources of contammation present in OU4 The plans and procedures 
are reviewed and approved by appropnate techmcal and agency representatives As a result, the 
network and samplmg design for the OU4 Phase I RFI/RI are assumed to be representative of 
site conditions 

' @ 

Comparability 

Comparability is used to express the confidence with which one set of data can be 
compared to another set Comparability is promoted by usmg slmilar sampling and analytical 
methods and reportmg data m umform umts To achieve comparability for the OU4 Phase I 
R.FI/RI data, all analyses and sampling techmques prescribed in the Work Plan and subsequent 
TMs are EPA-accepted or equivalent methods The data are reported in umform units for each 
method and media Quanhtation llmits for the OU4 Phase I RFI/RI data may differ from the 
previous investigations, wiuch is indicative of the differing analytical methods used during the 
previous investigations A demonstration of the comparability of  the data is the general 
consistency in the results between the vmous sample locabom and different media analyzed 
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(b Completeness 

The objective of completeness is that the investigation provides enough planned data such 
that the objectrves of the project are met Completeness for the OU4 Phase I WI/N is 
evaluated by comparmg the planned number to the actual number of samples collected and 
analyzed The analytical results should be validated and deemed valid or acceptable to be 
considered m an assessment of completeness The overall completeness goal for the OU4 Phase 
I RFI/RI is 90 percent 

The difficulty in assessing the completeness of the OU4 Phase I RFI/RI investigation 
based on the above guidelms is that the imtial planned numbers of samples were not specified 
due to the anticipated vanation m the extent of the alluvial soil section and ability to obtain 
vadose zone water samples Therefore, the approach to quantifymg completeness is to present 
a summary of the planned samplmg locations and the number of actual locations sampled The 
Work Plan and subsequent TMs did specify the number of boreholes and vadose zone samplmg 
points to be collected and the types of analyses to be performed at each sample location 
Samples not collected or locations not installed were due to extenuating clrcumstances related 
to access, weather, and subsurface conditions encountered F i ~ l l y ,  completeness of the data 
set at the tune of the preparation of this report is affected by the 13 percent of data not yet 
validated (Table I1 3 6-2) As indicated above, the invalidated data is still incorporated into the 
determmation of the contammnt sources defmtions, reducing the sigmficance of this factor to 
the completeness determmtion 

As shown on Table I1 3 6-12, the OU4 Phase I RFI/RI data set was to consist of 49 
boreholes, SIX of which were to be deep boreholes, four nested piezometers, and 35 suficial soil 
samples Based on the clanfication presented m TM1 and TM2, the program was amended to 
include 43 total boreholes, whlch includes two deep boreholes and 16 boreholes converted to 
vadose zone momtomg pomts and geotechnrcal samplmg locations, 78 surficial soil samples, 
and five shallow trenches Based on a comparison with the actual work completed as presented 
m Table I1 2-1, the OU4 Phase I RFI/RI data exceeded the completeness cntena of 90 percent 

a 

II.3.6.3 Historical Data Management and Quality 

The hlstorical data that have been incorporated mto thls report supplement the OU4 Phase 
I RFI/RI data to ensure that contammation identrfied in previous investigations of OU4 is 
considered As descnbed in conjunction with the OU4 Phase I RFI/RI data, the histoncal data 
consist of both validated and invalidated data Rejected data are presented but are not 
incorporated The histoncal data available for mcorporatmg into the OU4 Phase I RFI/RI data 
consist prunarily of subsurface soil samples No histoncal surficial samples, aqueous vadose 
zone samples, or trench samples were identified in the historical data base All available 
borehole soil samples are used to demonstrate the validity and usability of the historical data 
In defimng the extent of contammtion in the unsaturated zone, only the historical soil data from 
above the histoncal rninmum ground water level were used Additionally, historical data that 
were analyzed at the WETS (identified in the T - GRP - CODE field with "RFME", "RFRA", 
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and "RFVO"), part~cularly during the penod of tune from 1987 to early 1989, were d e t e d  
to be of questionable utility unless flagged with a "V" m the validauon field @ 
II.3.6.3.1 Historical Data Validation 

Portions of the histoncal analytical data were reviewed and validated independently of 
the laboratory or the sample collection contractor, and the results were documented in data 
validation reports Smilar functional guidelmes to those applied to the OU4 Phase I RFI/RI data 
were used to validate the hstoncal data The purpose of validating the hstoncal data was to 
be able to incorporate the mformation for evaluating nature and extent of the contamination 
identified by the OU4 Phase I RFI/RI data For th~s report, historical validated and acceptable 
data were considered of equal utility to the OU4 Phase I WI/RI data Rejected data were not 
used in any statistical computations or contarmnant source evaluation The reasons the histoncal 
data analyzed at the WETS were of questionable utility are that there was poor or no 
documentation of the analytical methods used, no documentation of laboratory QA procedures 
used, and no reporttng guidelmes 

Table I1 3 6-13 summarizes the status of the histoncal data validation by media and 
analytical method As of March 1994, 70 percent of the historical data have been validated 
Invalidated data are also used m the analysis of contamination distribution As with the OU4 
Phase I RFI/RI data, use of the invalidated data should not reduce the quality of the conclusions 
drawn except for the previously mentioned analyses of questionable use, which was not used in 
the evaluation of the nature and extent of contamination A total of 1 25 percent of the histoncal 
data validated has been rejected @ 

Metals and radionuclides data obtamed in 1987 and 1989 have been labeled "N" as not 
For th~s report, these data are validated due to insufficient collection and analytical records 

considered useful for the purposes of evaluating the nature and extent of contammtion 

Listed in Table 11 3 6-14 are summanes of the validation code reasons identified 111 

WEDS by the data validation contractor whle analyzmg the histoncal data Table 11 3 6-15 
presents the reason codes whch were identified for the rejection of data The more common 
reasons identified for the rejection of data are related to documentation not being provided, key 
fields wrong, laboratory results not venfiable or not submitted, or LCS not submitted (codes 18, 
84, 51, 74) These rejection rationales may be due to previous laboratory SOPS whch have 
been unproved since the hstoncal data were obtained The other common reasons for rejection 
of  data were that the MDAs were calculated by reviewer, or that the laboratory control samples 
exceeded +/- 3 sigma (codes 78 and 32) As with the OU4 Phase I RFI/RI data, the rejected 
data were removed from the data summary The overall low percentage of historical data (< 2 
percent) is smilar to the OU4 Phase I RFI/RI data, indicatmg that the use of the unvalidated 
historical data should not compromise the validity of the resulting conclusions 
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II.3.6.3.2 Assessment of Historical Data Usability 

The hlstoncal data usability is based on the PARCC parameters Review of the avatlable 
hlstoncal data indicates that duplicate samples are available to evaluate the field precision of 
data Field rinsate or blanks are not avatlable m the WEDS data base Therefore, the field 
accuracy of the histoncal data cannot be d e t e r m d  The laboratory precision and accuracy are 
evaluated during the validahon process Histoncal data not meetmg the laboratory precision or 
accuracy goals set forth by the methods are rejected The representameness and completeness 
of the historical data set are determmed to be insufficient to characterne the contammation in 
the OU4 area 

Field Precision of Historical Data 

The same procedure for determmg the precision of the OU4 Phase I WI/N data was 
used for the hlstoncal data The field 
preclsion objective specified m the QAA is to obtam an RPD of <30 percent for water samples 
and 540 percent for homogeneous, nonaqueous samples (soil) For metals and radionuclides 
with failed WDs and at concentrabons near the quantltation lmit, as defined m the GRRASP, 
precision may be expressed as acceptable when the analyte concentration difference between the 
sample and duplicate fall within the CRQL of each other Dumg the evaluation of the historical 
data, the CRQLs listed in Appendm B of the 1991 QAPjP were used to aid in determimng 
precision 

All data available were included in this analysis 

In conjunction with the precision objectlves outlmed in the QAA for OU4 Phase I 
RFI/RI, the number of duplicates samples r e q u d  to demonstrate precision was one duplicate 
par  for every 10 samples collected, or 10 percent of the field samples A total of 412 real 
borehole soil samples and 25 associated duplicate soil samples are identified in the WEDS data 
base Based on these ratios, the overall field QC frequency for the hlstoncal data is 1 to 21 or 
4 6 percent for the subsurface soil A list of the lustoncal duplicates and associated field 
samples (QC partners) is presented by method and analyte m Table I1 3 6-16 A summary table 
of the degree to whlch the field precision goals were met is provided m Table I1 3 6-17 
Calculated RPDs are presented m Table I1 Y-2 m Appendlx I1 Y 

Based on the available analytical results, 966 RPDs were calculated for 40 analyte 
Overall, a total of 82 9 percent of the field duplicate analyzed meet the field duplicate pairs 

precision goals 

Using the CRQL cntena as well as the calculated RPDs, a total of 80 9 percent of the 
metals duplicate field samples achieved the precision goals The radionuclide data had slmilar 
results with 83 7 percent of the data evaluated meeting the precision goals Overall, 88 9 
percent of the field duplicates met the precision goal 

Review of the radionuclides and the metal data indicates that only 60 5 percent and 72 
Although, the percent, respectively, of the historical data set passed the RPD precision test 
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metal data labeled RFME and the radionuclide data labeled RFRA m the T-GRP-CODE field 
cannot be validated due to the lack of proper collection and analyt~cal records, these data were 
considered useful for evaluatmg the nature and extent of contammation 

a 
Eleven hrstorrcal duplicate soil pairs were analyzed for volatile organ~c field precision 

(Table I1 3 6-17) The percentage of analytes achieving the field precision goals was 96 2 
percent Two semivolatile duplicate pairs with 132 RPDs were analyzed With two semivolatile 
RPDs failing, the field precision goal was 98 5 percent There were no water quality or 
pesticide/PCBs duplicate pam available to determine the field precision 

The results of the field precision evaluation indicate that QA of field samplmg was 
adequate Variation m analytical results due to matrlx mterference should not be sigmficant in 
the historical data for subsurface soils m OU4 The lack of documentation may prevent the use 
of much of the metals and radionuclide data present m the hstoncal data set The data available 
for orgamcs and water quality analytes are not sufficient to make a determlnation 

11.3.6.3.3 OU4 Phase I RFI/RI and Historical Data Comparison 

Comparability is used to express the confidence with whch one set of data can be 
compared to another set Comparability is promoted by usmg sunilar sampling and analytical 
methods and by reportmg data m umform umts To achleve comparability of the hlstorical data 
m companson with the OU4 Phase I RFI/RI data, the analyses and sampling techruques used 
should be EPA- accepted or equivalent methods, and should be slmilar 

@ 
The objective of thls companson was to ensure that the analytes previously detected in 

the OU4 area were mcorporated mto the nature and extent evaluation The presence of 
previously detected analytes m the histoncal data was venfied by the presence of that analyte 
in the OU4 Phase I RFI/RI data The validity of contarnmants that were identified prior to the 
OU4 Phase I RFI/RI but not detected m OU4 Phase I RFI/RI data, was evaluated on an 
individual basis 

Comparison of the analytes presented m the hstorical data to those in the OU4 Phase I 
RFI/RI data indicates pnmary differences occur in the record-keeping of some of the data The 
data in both sets were reported in consistent uuts and by consistent analytical methods (when 
that information was available) Both the OU4 Phase I WI/N and historical data sets have 
variable detection lrmits reported within the respective soils data sets The detection lrmit ranges 
and distribution of detection lmits were smilar in both data sets, suggesting that varying 
detection llmits were not factors to be considered in comparing the data 

A review of Tables I1 3 6-2 and I1 3 6-13 provided an imtial comparison of the OU4 
Phase I RFI/RI and histoncal data sets for OU4 Using total analyte results in the WEDS data 
base, the OU4 Phase I RFI/RI data set contamng 36,724 records is comparable to the historical 
data set contamrung 20,151 records The OU4 Phase I RFI/RI data set consisted of surficial and 
subsurface soils, bedrock, and as vadose zone pore water, while the historical data set contamed 
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0 only subsurface sods and bedrock data The hlstoncal data contam fewer metal analyte records 
(6,994) than the OU4 Phase I RFILRI subsurface soil data (9,498) The hlstoncal data also 
contam fewer radionuclide analyte records (2,465) than the OU4 Phase I RFI/RI s u b d a c e  soil 
(3,014) data As menQoned above, the validity of the hrstoncal metals (FWME) and radionuclide 
(RFRA) data from WEDS may be questionable Therefore, the OU4 Phase I RFI/RI data set 
was given greater consideration m the evaluation of the nature and extent of contammation 

The following differences were noted when the hstoncal and the OU4 Phase I RFI/RI 
radionuclides were compared The OU4 Phase I RFI/RI data contam only gross alpha and gross 
beta determinations, whle the hstoncal data were divided mto gross alpha and beta, as well as 
dissolved, suspended, and particle activity alpha and beta umts Plutomum-238 is not identified 
in the hstoncal data set, but is included m the OU4 Phase I RFI/RI data 

Comparison of the hstoncal volatlle analyte list with the OU4 Phase I RFI/RI data 
indicates that the method lists are sunilar with additional analytes identified in the OU4 Phase 
I RFI/RI method Trans-l,2-dichloroethene and 2-chloroethyl vinyl ether were not identified 
on the OU4 Phase I RFI/RI Ilst, but are present on the btorical method list Based on the 
WEDS data base, no surficial soils were analyzed for volatde orgmc compounds durvlg any 
hstoncal or OU4 Phase I WI/RI investigations 

Compmson of the hstoncal data analyte list for semvolatiles contains 4-hydroxy-4- 
methyl-2-pentanone, l-methyl-2-pyrrolidinone, benzoperylene, and hexachlorobenzene as 
additional analytes not present on the OU4 Phase I RFI/lU data method list No pesticides or 
PCBs were present in the hstoncal data base In addition, no vadose zone pore water samples 
were collected during the historical mvestigations 

I 0 
Based on these evaluations, it was concluded that the hstoncal data and OU4 Phase I 

RFI/RI data were considered to be of comparable quality and that there IS general consistency 
m the results between the various sample locations and different sample penods The historical 
data were lncorporated as appropnate into the nature and extent evaluation 
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TABLE IL3.1-1 

POND 207-A ALPEA AND BETA RADIATION SURVEY DATA 

Alpha 
Total Alpha Alpha Beta 

Gnd SWeY Reaclmg Swpe Smear Smear 
Designabon Point (cpm) (cpm) ( d P ~ 1 ~ W  (dPdl-) 

1A 

1B 

1c 

1D 

1E 

1F 

lG 

1H 

2H 

2G 

2F 

2E 

2D 

45 wql 

%53 

2 c  

2B 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

300 
300 
400 
350 
500 
500 

<250 
<250 
<250 
<250 

250 
500 

<250 
<250 
<250 
<250 
<250 
<250 
<250 
e250 

400 
<250 

300 
<250 

300 
<250 
<250 
<250 
<250 

500 
500 

1000 
500 

<250 
600 

<250 
250 
250 
500 

<250 
300 
300 

<250 
250 
500 

<250 

<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
C250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
e250 
e250 

0 
3 
3 
0 
3 
0 
0 
0 
3 
3 
0 
0 
3 
0 
6 
3 
0 
0 
0 
6 
0 
6 
0 
3 
3 
0 
3 
3 
0 
3 
3 
6 
6 
3 
6 
9 
3 
3 
0 
0 
3 
6 
0 
6 

108 
0 

24 
0 
3 
3 
0 
0 
0 

21 
33 
33 
0 
0 
3 

12 
45 
0 
0 
0 

27 
0 
0 
0 

33 
0 
0 
0 

33 
9 
0 
3 
0 
0 
0 

15 
0 
0 

27 
0 
0 
6 
6 

24 
0 
3 

45 
18 

I1 3-122 OU4 Proposed IMlIRA EA Decision Docanent 
February 10 1995 



TABLE IL3.1-1 

POND 207-A ALPHA AND BETA RADIATION SURVEY DATA 

e 

2A 

3A 

3B 

3c 

3D 

3E 

3F 

3G 

3H 

4H 

4G 

4F 

4E 

4D 

45 wql 

41 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 

C250 
600 

<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 

800 
800 
800 

<250 
500 

<250 
300 

<250 
<250 
<250 
<250 

600 
<250 
<250 
<250 
<250 

500 
<250 
<250 

500 
500 

<250 
<250 
<250 

500 
<250 

500 
<250 

500 
<250 
<250 
<250 
<250 
<250 

<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
e250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 

I1 3-123 

3 
9 
6 
9 
0 
0 
0 
0 
18 
0 
15 
12 
12 
6 
0 
0 
3 
0 
6 
3 
0 
3 
3 
0 
3 
0 
3 
0 
0 
9 
6 
0 
6 
3 
0 
3 
3 
0 
3 
9 
0 
9 
9 
3 
0 
9 

0 
18 
48 
6 
0 
0 
0 
0 

36 
9 
0 

27 
0 
0 

30 
0 
0 
0 
6 
0 

42 
0 

27 
0 

27 
12 
18 
0 

15 
9 

18 
0 
0 
0 
3 

24 
0 
6 
0 
0 
0 

27 
9 

15 
0 
0 

OU4 Proposed IMlIRA EA Declsion Document 
February 10, 1995 



TABLE IL3.l-1 

POND 207-A ALPHA AND BETA RADIATION SURVEY DATA 

e 

4 c  

4B 

4A 

5A 

5B 

5 c  

5D 

5E 

5F 

5G 

5H 

6H 

6G 

6F 

6E 

45 wql 

93 
94 
95 
96 
97 
98 
99 

100 
10 1 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
12 1 
122 
123 
124 
125 
126 
127 
128 
129 
130 
13 1 
132 
133 
134 
135 
136 
137 
138 

<250 
<250 
<250 
<250 

300 
<250 
<250 

300 
<250 

300 
<250 

700 
<250 
<250 
<250 
a 5 0  
<250 
500 

<250 
<250 
<250 
<250 
<250 
<250 
<250 

300 
<250 

300 
<250 
<250 
500 

<250 
<250 
<250 
<250 
<250 
<250 
<250 

300 
1000 
300 
750 
500 
400 
300 
300 

e250 
<250 
e250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 

I1 3-124 

12 
6 
0 
3 
0 
9 
6 
6 
0 
3 
0 
3 
3 
0 
3 
3 
6 
3 
0 
0 
15 
0 
0 
3 
6 
0 
0 
3 
0 
6 
6 
0 
6 
3 
3 
0 
3 
6 
0 
6 
12 
3 
6 
0 
6 
0 

0 
0 
0 
0 
3 
3 
0 
3 
0 
0 
0 

36 
0 
9 

18 
0 

12 
18 
0 
6 
0 

30 
0 

12 
0 

12 
0 
0 
0 
0 
9 

21 
3 

12 
0 
3 

12 
0 
0 

21 
15 
6 

15 
6 

36 
0 

OU4 Proposed IMlIRA EA Decision Document 
February 10. 1995 



(. 

TABLE IL3.1-1 

POND 207-A ALPJiA AND BETA RADIATION SURVEY DATA 

Alpha 
Total Alpha Alpha Beta 

Gnd survey ReadlIlg swpe smear Smear 
Designahon Pomt (cpm) (CPm) (dpdl-) (dPd100CW 

6D 

6C 

6B 

6A 

7H 

7G 

7F 

7E 

7D 

7 c  

7B 

7A 

8A 

8B 

8C 

45 wql 1 p u  

139 
140 
14 1 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 

300 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
500 

1000 
750 
500 
500 
500 
300 
300 

<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 

700 
700 
700 

<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 

<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
C250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 

I1 3-125 

3 
3 
0 
3 
3 
6 
0 
3 
6 
3 
3 
0 
0 
3 
0 
0 
15 
6 
3 
3 
9 
0 
0 
3 
3 
0 
0 
3 
3 
12 
0 
0 
6 
6 
0 
6 
3 
0 
6 
0 
0 
3 
0 
0 
9 
6 

0 
0 
0 

42 
3 
3 

33 
0 
0 

36 
27 
12 
0 
0 
0 
0 
0 
0 
0 
0 
3 
9 
6 
0 
0 
0 
0 
3 

24 
0 
0 
0 
0 
3 
0 
0 
0 
9 
0 
6 
0 
3 
0 
0 
0 

45 

OU4 Proposed IM/IR4 EA Decision Document 
February 10 1995 



TABLE IL3.1-1 

POND 207-A ALPHA AND BETA RADJATION SURVEY DATA 

8D 

8E 

8F 

8G 

8H 

9H 

9G 

9F 

9E 

9D 

9 c  

9B 

9A 

10A 

10B 

1oc 

45 wql 

185 
1 86 
187 
188 
189 
190 
191 
192 
193 
194 
195 
1 96 
197 
198 
199 
200 
20 1 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
2 14 
215 
216 
217 
218 
219 
220 
22 1 
222 
223 
224 
225 
226 
227 
228 
229 
230 

<250 
<250 
<250 
<250 

300 
300 
300 
500 
500 
500 
500 
500 

<250 
<250 
<250 
<250 
<250 
<250 

500 
699 
600 
500 
750 
500 
500 
500 
500 

<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
e250 

<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 

I1 3-126 

0 
6 
0 
0 
0 
6 
12 
12 
9 
12 
12 
3 
0 
3 
18 
3 
3 
0 
3 
30 
3 
30 
15 
3 
18 
3 
0 
9 
9 
3 
3 
15 
12 
12 
6 
6 
0 
0 
12 
3 
3 
6 
9 
6 
3 
15 

21 
0 
6 
0 
0 
0 

18 
0 
6 
0 
0 

18 
0 
0 
0 
0 
0 
0 

24 
36 
0 
0 

24 
39 
12 
0 
0 
0 
0 

30 
0 
0 
3 
0 

30 
0 
6 
0 
0 
0 
0 

21 
6 
0 
0 
0 

OU4 Proposed IMlIRA EA Decision Document 
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TABLE IL3.1-1 

POND 207-A ALP= AND BETA RADIATION SURVEY DATA 

1OD 

1OE 

1OF 

10G 

10H 

11H 

11G 

11F 

11E 

11D 

11c 

11B 

11A 

12A 

12B 

45 wql 

23 1 
232 
233 
234 
23 5 
236 
237 
238 
239 
240 
24 1 
242 
243 
244 
245 
246 
247 
248 
249 
250 
25 1 
252 
253 
254 
255 
256 
257 
258 
259 
260 
26 1 
262 
263 
264 
265 
266 
267 
268 
269 
270 
27 1 
272 
273 
274 
275 
276 

<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
1500 
500 

1500 
800 

1500 
1500 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 

250 
250 
250 
500 
750 
250 
500 
500 
500 
250 
250 

<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 

I1 3-127 

15 
9 
21 
6 
3 
3 
6 
6 
9 
3 
21 
15 
60 
45 
3 
3 
3 
3 
3 
0 
6 
90 
36 
21 
39 
18 
12 
12 
6 
9 
0 
12 
6 
12 
9 
15 
6 
3 
12 
6 
15 
6 
0 
24 
0 
9 

0 
0 

18 
0 

42 
0 
0 
6 

21 
3 
0 
0 
0 
0 
0 
0 
0 

21 
0 
6 
6 
0 

36 
27 
0 
0 
0 
0 

21 
9 
0 

18 
24 
0 

30 
18 
0 
0 
6 
0 
0 

42 
6 
0 

18 
0 

OU4 Proposed IMlIRA EA Decision D o c w e n t  
February 10 1995 



TABLE IL3.1-1 

POND 207-A ALPHA AND BETA RADIATION SURVEY DATA 

e 

12c 

12D 

12E 

12F 

12G 

12H 

13H 

13G 

13F 

13E 

13D 

13C 

13B 

13A 

14A 

45 wql 

277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
3 10 
311  
3 12 
3 13 
3 14 
3 15 
3 16 
3 17 
3 18 
3 19 
3 20 
32 1 
322 

250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
€250 
<250 
<250 
<250 
€250 
<250 
<250 

500 
500 
500 

<250 
<250 
<250 

<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
€250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
€250 
<250 
€250 
<250 
<250 
<250 
<250 
<250 
<250 

I1 3-128 

- 

3 
9 
0 
15 
6 
6 
9 
18 
6 
24 
36 
18 
45 
99 
9 
6 
63 
0 
3 
6 
3 
0 
3 
15 
6 
12 
39 
54 
18 
9 
27 
36 
11  
6 
12 
3 

66 
33 
6 
12 
0 
3 
0 
3 
6 
0 

0 
36 
6 
0 

48 
21 
0 

45 
0 
0 
0 
0 

12 
0 
0 

33 
0 
9 

48 
0 
0 
3 

33 
0 
0 

33 
0 

15 
3 

57 
3 

39 
12 
9 
9 

24 
12 
12 
0 
3 
0 
0 

15 
27 
0 
0 

OU4 Proposed IMIIRA EA Decision Doc*iment 
February 10 1995 



TABLE IL3.1-1 

POND 207-A ALPHA AND BETA RADIATION SURVEY DATA 

/ 

14B 

14C 

14D 

14E 

1 4F 

14G 

14H 

1 5H 

15G 

15F 

15E 

15D 

15C 

15B 

1 SA 

16A 

45 wql 

323 
324 
325 
326 
327 
328 
329 
330 
33 1 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
3 56 
357 
358 
359 
360 
36 1 
362 
363 
364 
365 
366 
367 
368 

<250 
<250 
<250 
<250 
<250 

500 
500 
500 
500 
500 
500 
500 
300 

<250 
<250 
<250 

250 
250 
250 

<250 
<250 
<250 
<250 
2500 
2500 
2500 
lo00 
1500 
800 

1500 
1500 
1500 
800 
750 
250 

<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 

<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 

I1 3-129 

3 
3 
6 
3 
15 
12 
21 
30 
6 
15 
42 
48 
9 
33 
9 
6 
48 
9 
1 

26 
30 
3 
3 
0 
15 
6 
3 
9 
9 
12 
39 
42 
24 
54 
36 
21 
15 
18 
6 
12 
6 
9 
3 
3 
9 
0 

63 
9 
0 

15 
0 
3 
9 
6 
3 

33 
0 
9 
9 
0 
6 
6 
0 

30 
0 
0 
0 
0 
0 

18 
45 
0 

21 
12 
0 
0 
0 

12 
0 
0 
0 

39 
18 
3 

51 
60 
24 
0 

42 
0 

21 
21 
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TABLE IL3.1-1 

POND 207-A ALPHA AND BETA RADIATION SURVEY DATA 

(I) 

17A 

17B 

16B 

16C 

17C 

17D 

16D 

16E 

17E 

17F 

16F 

16G 

17G 

17H 

16H 

45 wql 

369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
3 82 
383 
3 84 
385 
386 
387 
388 
389 
3 90 
391 
392 
393 
394 
395 
3 96 
3 97 
398 
399 
400 
40 1 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
4 14 

<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 

400 
500 

1500 
lo00 
1000 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 

<250 
e250 
<250 
e250 
e250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
e250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 
<250 

I1 3-130 

0 
9 
9 
0 
6 
0 
6 
0 
6 
9 
0 
9 
0 
0 
3 
0 
3 
6 
3 
6 
0 
0 
3 
45 
60 
33 
3 
3 
0 
6 
0 
0 
9 
3 
0 
21 
9 
6 
9 
6 
0 
0 
0 
3 
6 
0 

0 
0 
3 
0 
3 
0 
0 
0 

24 
0 

12 
9 
3 
3 
6 

15 
15 
0 
9 
0 

57 
0 
9 
0 

24 
0 
3 
0 
0 
0 

15 
0 

24 
0 

15 
12 
12 
6 
0 
0 
0 
9 
0 

12 
0 
0 

OU4 Proposed IMlIRA EA Decision Document 
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TABLE IL3.1-1 

POND 207-A ALPHA AND BETA RADIATION SURVEY DATA 

Gnd SWeY 
Designahon Point 

415 
4 16 
417 
418 
419 

-1--- --1-1__ 

I 45 wql 

<250 
C250 
C250 
<250 
<250 

Alpha Alpha Beta 
Swpe Smear Smear 
(cpm) (dpd1oocmZ) (dpdlOOcm2) 

e250 0 12 
C250 0 24 
<250 0 0 
<250 6 0 
e250 12 21 

----I- - 

I1 3-131 OU4 Proposed IMlIRA EA Decision Document 
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TABLE IL3 1-2 

POND 207-A GAMMA (F’IDLER) RADIATION SURVEY RESULTS 

‘ 0  

a 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 

46 wql 

34374 
9624 
4989 
4386 
4326 
8296 
9283 
8619 
4223 
3882 
4736 
4000 
4084 
3808 
4714 

13642 
8573 
5129 
3098 
3029 
3053 
2935 
2976 
3958 

27334 
4060 
3896 
3702 
3696 
3748 
3949 
5257 
4602 
3179 
3104 
2625 
2976 
2848 
3227 
3958 
5196 
3709 
3777 
3902 
3849 
3707 
4165 
4164 
4224 
3195 
3687 
3018 
3933 

3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 

3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 - 
3618 
3618 
3618 
3618 
3618 
3618 
3618 

30756 
6006 
1371 
768 
708 

4678 
5665 
5001 
605 
264 

1118 
382 
466 
190 

1096 
10024 
4955 
1511 
-520 
-589 
-565 
-683 
-642 
340 

23716 
442 
278 

84 
78 

130 
331 

1639 
984 

-439 
-514 
-993 
-642 
-770 
-391 
340 

1578 
91 

159 
284 
23 1 
89 

547 
546 
606 
423 

69 
600 
315 
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TAB= IL3 1-2 

POND 207-A GAMMA @IDLER) RADIATION SURVEY RESULTS 

46 wql 

54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 

3288 
3725 

14441 
5058 
3244 
2691 
3415 
573 1 
4822 
4165 
3298 
4307 
3244 
3374 
3255 
3191 
3281 
3714 
3976 
4736 
3332 
3822 
3119 
3108 
374 1 
6539 
3938 
4164 
5548 
3375 
3091 
3291 
3217 
3379 
5470 
3533 
348 1 
3348 
3498 
3566 
5483 
5131 
4460 
3627 
3936 
462 1 
3744 
3605 
3373 
3576 
3217 
3225 
3768 

3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3 500 
3500 
3500 
3500 
3500 
3500 
3500 

3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
361 8 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 

-330 
107 

10823 
1440 
-374 
-927 
-203 
2113 
1204 
547 

-320 
689 

-374 
-244 
-363 
427 
-337 

96 
358 

1118 
-286 
204 
499 
-510 
123 

292 1 
320 
546 

1930 
-243 
-527 
-327 
4 0  1 
-239 
1852 
-85 

-137 
-270 
-120 
-52 

1865 
1513 
842 

9 
318 

1003 
126 
-13 

-245 
4 2  

-40 1 
-393 
150 
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TABLE IL3 1-2 

POND 207-A GAMMA (FIDLER) RADIATION SURVEY RESULTS 

107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 

46 wql 

3802 
2875 
5197 
3244 
3374 
3255 
3949 
2730 
2860 
3891 
461 1 
44% 
5805 
4041 
3519 
4023 
2814 
3320 
3873 
3533 
3737 
3590 
4265 
3534 
3683 
3488 
3366 
3463 
3869 
3931 

3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 

3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
361 8 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 
3618 

184 
-743 
1579 
-374 
-244 
-363 
33 1 

-888 
-758 
273 
993 
878 

2187 
423 
-99 
405 
-804 
-298 
255 

119 
-28 
647 
-84 
65 

-130 
-252 
-155 
25 1 
313 

-85 

POND 207-A FIDLER BACKGROUND CALCULATION 
The counts are gross cpm The FIDLER background calculahon 
IS based on standard RF'P practice and EMRG 6 6 

B = FIDLER Background 
B = Bo + (2+sqrt(Bo)) 
B = 3500 + 2*59 = 3618 

Bo = FIDLER Checkpomt Readmg 
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I TABLE IL3.1-3 

SEP 207-B CENTER RADIATION SURVEY RESULTS 

Alpha Beta Gamma 
Alpha dpm/100cm2 Beta dpdlOOcm2 GiUlUla Scaler 

Gnd counts/mm Removable counts/mm RemcmbIe Gamma counts/mn - Bkmd 
Locabon Direct (Sm=) Direct (Smear) Background Meter Scaler Results 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

18 
I 17 

22 
23 
24 
25 
26 
27 
28 
29 
30 
31  
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

47 
la 46 

48 

< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 

300 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 

250 
< 250 

250 
< 250 
< 250 

250 
< 250 
< 250 

9 
3 

12 
6 
9 

12 
3 

12 
6 
6 
6 
3 
3 

15 
3 
9 
6 
3 
3 
6 
3 
3 
3 
0 
3 
0 
0 
0 
3 
3 
0 
0 
0 
0 
6 
3 
0 
3 
0 
3 
0 

12 
0 
3 
3 
0 
3 
3 

6Ooo 
150 
150 
140 
120 
150 
150 
150 
100 
250 
3 50 
100 
100 
150 
180 
160 
200 
150 
180 
160 
200 
150 
180 
200 
200 
180 
200 
200 
220 
350 
150 
250 
180 
200 
250 
200 
150 
250 
3 50 
300 
200 
150 
100 
200 
150 
300 
200 
250 

48 
46 
61 
70 
50 
54 
60 

100 
40 
43 
45 

111 
66 
43 
46 
69 
44 
34 
40 
42 
28 
48 
64 
50 
38 
51 
37 
36 
47 
80 
36 
26 
60 
55 
64 
72 
48 
70 
36 
50 
44 
36 
38 
69 
50 
48 
24 
60 
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1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 

5000 
3000 
3000 
2500 
3000 
2500 
2000 
3000 
3000 
3000 
3000 
2500 
2000 
3000 
2500 
3000 
3000 
2500 
2500 
3000 
2500 
2500 
2500 
2500 
2500 
2500 
3000 
2500 
2500 
2500 
3000 
2000 
3000 
2500 
2500 
2500 
2000 
3000 
2000 
2500 
3000 
2500 
2500 
3000 
2500 
2500 
2000 
3000 

4674 
2566 
2607 
2323 
2707 
2462 
2200 
2540 
2563 
2605 
292 1 
2389 
2121 
2847 
25 18 
3045 
2689 
2159 
2420 
2647 
2479 
23 15 
2404 
2340 
233 1 
2365 
26 16 
2294 
2399 
2436 
2577 
2181 
281 1 
225 1 
2403 
2443 
2158 
2657 
2094 
2391 
2794 
2311 
2278 
2758 
2258 
2282 
2029 
2446 

2980 
872 
913 
629 

1013 
768 
506 
846 
869 
91 1 

1227 
695 
427 

1153 
824 

1351 
995 
465 
726 
953 
785 
62 1 
7 10 
646 
637 
67 1 
922 
600 
705 
742 
883 
487 

1117 
557 
709 
749 
464 
963 
400 
697 

1100 
6 17 
584 

1064 
564 
588 
335 
752 
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I TABLE IL3.1-3 

SEP 207-B CENTER RADIATION SURVEY REsULT"s e 
Alpha Beta Gamma 

Alpha dpm/lOOCm2 Beta dpm/100cm2 Gamma Scaler 

Locabon Direct (Smear) Direct (Smear) Background Meter Scaler Results 
Gnd countdnun Removable countdm Removable Gamma countdnun - B k p d  

---__u - ---- -- --1- I --I_ 

49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 

IO  6"; 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 

I 92 
93 ' 0  94 95 

96 
I 

300  
< 250 
< 250 

250 
250 

< 250 
C 250 

250 
< 250 
< 250 
< 250 
< 250 
< 250 

250 
250 

< 250 
< 250 
< 250 

250 
250 

< 250 
250 

< 250 
< 250 
< 250 

500 
< 250 
< 250 
< 250 
< 250 
< 250 

250 
250 

< 250 
750 

< 250 
300 
500 

< 250 
300 

< 250 
250 

< 250 
< 250 

250 
750 
300 

< 250 

0 
0 
0 
3 
0 
9 
0 
9 

12 
3 
3 
3 

12 
6 

18 
9 
3 

18 
6 

12 
3 

21 
18 
24 
3 
3 
6 
9 

12 
6 
0 
0 
3 
0 
3 
9 
3 
9 
3 
0 
0 
3 
6 
3 
0 
0 
6 
3 

250 
250 
200 
250 
200 
300 
450 

< BG 
< BG 

100 
< BG 
< BG 

150 
< BG 

250 
100 
100 
150 

< BG 
250 
150 

< BG 
150 

< BG 
< BG 

150 
< BG 

< BG 
150 
3 50 
300 
150 

250 
150 
200 
200 

< BG 
< BG 

100 
< BG 
< BG 
< BG 
< BG 
< BG 
< BG 

< BG 

< BG 

< BG 

21 
33 
27 
15 
90 
15 
6 

39 
21 
24 
0 

45 
36 
18 
75 
0 

48 
6 

18 
90 
60 
0 
0 

39 
12 
15 
81 
30 
18 
54 
15 
12 
30 
0 

27 
30 
21 

9 
15 

3 
3 

18 
I5 
0 
0 
0 
0 

12 
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1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 

2500 
2000 
2500 
2500 
3000 
3000 
3000 
2000 
2000 
2000 
2000 
2000 
2000 
2500 
3000 
3000 
2500 
3000 
2500 
2000 
3000 
2500 
2500 
2000 
4000 
3 500 
2500 
2000 
3000 
2500 
3500 
4500 
2500 
2000 
3000 
2500 
2500 
3000 
2000 
2500 
3000 
3000 
4000 
3000 
2500 
2500 
2500 
2000 

2294 600 
2067 373 
2377 683 
2298 604 
2927 1233 
2492 798 
2859 1165 
1937 243 
1902 208 
2117 423 
2014 320 
203 3 339 
1919 225 
2379 685 
2827 1133 
2683 989 
2348 654 
2995 1301 
2424 730 
2 162 468 
2966 1272 
2486 792 
2446 752 
2289 595 
3551 1857 
3829 2135 
2533 839 
2208 514 
2646 952 
2255 56 1 
3536 1842 
4245 255 1 
2525 83 1 
2153 459 
2804 1110 
2286 592 
2391 697 
2895 1201 
1938 244 
2349 655 
2592 898 
2877 1183 
4046 2352 
2743 1049 
2306 612 
23 16 622 
2177 483 
2189 495 
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TABLE IL3.13 

SEP 207-B CENTER RADIATION SURVEY RESULTS 

Alpha Beta Gamma 
Alpha dpm/100cm2 Beta dpm/looCmZ GaUllM Scaler 

h h O n  Drrect (Smear) Direct (Smear) Background Meter Scaler Results 
Gnd countdmn Removable countdmm Removable Gamma counts/mn - B k m d  

----- - - e -- -I_ -uI_-- -1__11---- 

97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 

I 

115 

' e ;;; 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
13 1 
132 
133 
134 
135 
136 
137 
138 
139 
140 

143 
144 

< 250 
300 
250 

< 250 
< 250 
< 250 
< 250 
< 250 
< 250 

250 
300 
400 
300 

< 250 
< 250 
< 250 
< 250 

300 
< 250 
< 250 

250 
500 

< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 

800 
< 250 

300 
< 250 

250 
< 250 

250 
< 250 

500 
< 250 

800 
< 250 
c 250 

250 
< 250 

3 
0 
6 
3 
0 
3 
0 
3 
0 
3 
0 

15 
6 
0 
9 
3 
3 
0 
6 
3 

12 
3 
0 
0 
0 

15 
3 
0 
3 
0 
6 
0 
0 
0 
0 

12 
6 
6 
0 
3 
0 
0 
0 
0 
0 
3 
9 
0 

< BG 
< BG 

100 
100 
200 

< BG 
< BG 

100 
250 

< BG 
100 

< BG 
< BG 

150 
< BG 

400 
300 

< BG 
150 
150 
100 
BG 

< BG 
400 
300 
300 
150 
500 

< BG 
200 
200 

< BG 
150 

< BG 
< BG 
< BG 

200 
< BG 

3 50 
100 

< BG 
200 

< BG 
200 

< BG 
< BG 

150 
< BG 

0 
0 

18 
0 
9 
0 
0 
0 
0 
0 
0 

15 
0 

21 
12 
6 

21 
36 
0 

15 
0 
0 

18 
0 
0 
0 

18 
24 
12 
0 
0 
0 

12 
6 

15 
0 
0 
0 
0 
0 
0 
0 

39 
0 
0 

15 
0 
6 
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1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 

- 

2500 
2000 
2500 
2500 
3000 
4000 
3000 
2500 
2000 
2500 
2500 
2500 
2000 
2500 
3000 
2500 
3000 
3000 
3000 
2500 
2000 
2500 
2500 
2500 
2500 
3000 
2500 
2500 
2500 
3000 
2500 
3000 
2500 
2500 
3000 
2000 
2500 
3000 
3000 
2500 
2500 
3000 
3000 
3000 
3000 
2500 
2500 
2000 

2467 
2034 
2242 
2415 
3135 
3659 
2969 
2343 
2170 
2497 
2209 
2229 
2083 
2143 
2647 
245 1 
2519 
2446 
2775 
2390 
2010 
23 16 
252 1 
2511 
2410 
2588 
2442 
2359 
2502 
2611 
2410 
2416 
2452 
22 16 
2760 
2 160 
2450 
2988 
2968 
2241 
2356 
2496 
26 12 
2550 
296 1 
2344 
2282 
2190 

773 
340 
548 
72 1 

1441 
1965 
1275 
649 
476 
803 
515 
535 
389 
449 
953 
757 
825 
752 

1081 
696 
3 16 
622 
827 
817 
716 
894 
748 
665 
808 
917 
716 
722 
758 
522 

1066 
466 
756 
294 
274 
547 
662 
802 
9 18 
856 
267 
650 
588 
496 
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TABLE IL3.1-3 

SEP 207-B CENTER RADIATION SURVEY RESULTS 

Alpha Beta GalIUlM 
Alpha dpd100cm2 Beta dpm/lOOcm2 GaUUIla Scaler 

Direct (Smear) Background Meter Scaler Results 
Gnd countdmm Removable countdmm Removable Gamma countdnun - B k p d  

Locabon Direct ( S m W  ----- -------- --I___ - _I_--- -I--- -- 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 

165 
a 164 

< 250 3 
< 250 0 
< 250 0 
< 250 0 

250 3 
500 15 
600 3 

< 250 15 
< 250 0 
< 250 6 

300 6 
< 250 6 
< 250 3 
< 250 0 
< 250 0 
< 250 3 
< 250 3 
< 250 0 
< 250 0 
< 250 0 
< 250 3 

250 30 
< BG 6 
< BG 0 

150 9 
< BG 0 
< BG 0 
< BG 21 

200 0 
150 0 

< BG 3 
< BG 12 
< BG 6 

150 0 
< BG 3 
< BG 0 
< BG 0 
< BG 6 
< BG 9 
< BG 0 
< BG 0 

400 0 

1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 
1694 

3000 
3000 
3000 
3000 
3000 
2000 
2500 
2500 
3000 
2500 
2500 
3000 
3 500 
2500 
2500 
2500 
2500 
3000 
2500 
2000 
2500 

2860 
301 1 
2570 
2894 
2750 
2014 
2364 
2305 
2852 
2244 
222 1 
2754 
3210 
2240 
2327 
2344 
2210 
2840 
2509 
207 1 
223 1 

1166 
1317 
876 

1200 
1056 
320 
670 
61 1 

1158 
550 
527 

1060 
1516 
546 
633 
650 
5 16 

1146 
815 
377 
537 
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TABLE IL3.1-4 

SEP 207-B NORTH RADIATION SURVEY RESULTS 

Alpha Beta Gamma 
Alpha dpm/lOOcm Beta dpm/lOOcm2 Scaler 

h u o n  Direct (Smear) Dll.eCt (Smear) Background Scaler Results 
Gnd counts/m Removable counts/m Removable Gamma - B k m d  

I- - I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31  
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

I 48 

< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
c: 250 
< 250 
< 250 
< 250 

300 
250 
250 
300 
250 

< 250 
250 

< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 

250 
300 
250 

< 250 
< 250 
< 250 
< 250 

250 
300 

< 250 
250 
250 
300 

< 250 
250 

< 250 
< 250 

0 
0 
0 
3 
3 
0 
0 
0 
9 
0 
0 
3 
3 
6 

12 
12 

3 
0 
6 
0 
0 
0 
3 
6 
3 
0 
0 
0 
3 
3 
3 
0 
0 
0 
9 
0 
0 
0 
3 
3 
3 
0 
0 
0 
3 
6 
6 
0 

< 100 0 
< 100 12 
< 100 0 
< 100 15 
< 100 15 
< 100 12 
< 100 33 
< 100 39 
< 100 0 
< 100 0 
< 100 12 
< 100 3 
< 100 0 
< 100 33 
< 100 18 
< 100 36 
< 100 0 
< 100 15 
< 100 0 
< 100 15 
< 100 0 
< 100 6 
< 100 0 
< 100 54 
< 100  12 
< 100 30 
< 100 30 

600 15 
< 100 24 
< 100 0 
< 100 18 
c 100 0 
< 100 30 

500 9 
< 100 54 
< 100 12 
< 100 0 
< 100  21 
< 100 0 
< 100 3 
< 100 9 
< 100 45 
< 100 0 
< 1 0 0  12 
< 100 24 
< 100 0 
< 100 33 
< 100 3 

I1 3-139 

1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1911 
191 1 
1911 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 

2335 
2349 
2288 
2256 
2275 
2414 
2434 
2487 
2452 
2396 
2093 
2906 
2730 
2357 
2706 
2623 
274 1 
2793 
2337 
2581 
2495 
2375 
2266 
2770 
2580 
2406 
2153 
2837 
1903 
1943 
2673 
2898 
2550 
2422 
2689 
2478 
2622 
2275 
2206 
2290 
2716 
2676 
2617 
2470 
2299 
2371 
2609 
2478 

636 
650 
589 
557 
576 
715 
73 5 
788 
753 
697 
394 

1207 
103 1 
658 

1007 
924 

1042 
1094 
638 
882 
796 
676 
567 

1071 
88 1 
707 
454 

1138 
-8 
32 

762 
1199 
85 1 
723 
990 
779 
923 
576 
507 
59 1 

1017 
977 
918 
77 1 
600 
672 
910 
779 
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TABLE IL3.1-4 

SEP 207-B NORTH RADIATION SURVEY RESULTS 

Alpha Beta GaIfUWi 
Alpha dpd100cm Beta dpmAOOcm2 scaler 

Locatlon Direct (Smear) Dlrect (Smear) Background Scaler Results 
Gnd count.s/nun Removable countdrmn Removable Gamma - B k w d  

I all 48 wql 

49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 

< 250 
< 250 

250 
300 
300 

< 250 
< 250 
< 250 

250 
< 250 

250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 

250 
300 

< 250 
< 250 
< 250 
< 250 
< 250 
< 250 

250 
< 250 

300 
< 250 

250 
250 

< 250 
< 250 

250 
< 250 
< 250 
< 250 
< 250 
< 250 

250 
< 250 
< 250 
< 250 
< 250 
< 250 

6 
3 
3 
3 
0 
0 
0 
3 
0 
0 
6 
0 
6 
0 
6 
0 
6 
0 
0 
3 
0 
0 
0 
0 
0 
3 
0 
0 
6 
0 
3 
0 
0 
3 
0 
0 
6 
0 
3 
0 
0 
0 
0 
0 
3 
0 
0 
0 

< 100 6 
< 100 36 
< 100 48 
< 100 30 

500 0 
< 100 21 

400 0 
< 100 12 
< 100 30 
< 100 24 
< 100 0 
< 100 0 
< 100 12 
< 100 15 
< 100 30 
< 100 6 
< 100 3 
< 100 0 
< 100 33 
< 100 30 
< 100 6 
< 100 18 
< loo 54 
< 100 12 
< 100 0 
< 100 0 
< 100 9 
< 100 12 
< 100 24 
< 100 48 
< 100 15 

700 3 
< 100 0 
< 100 3 
< 100 9 
< 100 33 
< 100 12 
< 100 0 
< 100 57 
< 100 9 
< 100 0 
< 100 18 
< 100 12 
< 100 9 
< 100 33 
< 100 30 
< 1 0 0  21 
< 100 0 

Il 3-140 

1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1911 
1699 
1699 
1911 
1699 
1911 

2802 
2681 
244 1 
286 1 
2679 
2578 
255 1 
2340 
2152 
2265 
2446 
2396 
2387 
2168 
2224 
2656 
5589 
2317 
2366 
2334 
2396 
2760 
245 1 
2235 
2332 
2454 
2483 
2130 
2646 
2357 
2655 
2114 
2150 
2453 
2346 
2511 
2137 
2496 
2513 
2452 
2402 
2450 
2038 
2332 
2321 
2055 
2492 
2159 

1103 
982 
742 

1162 
980 
879 
852 
64 1 
453 
566 
747 
697 
688 
469 
525 
957 

3890 
618 
667 
63 5 
697 

1061 
752 
536 
633 
755 
784 
43 1 
947 
658 
956 
415 
45 1 
754 
647 
8 12 
438 
797 
814 
753 
703 
75 1 
127 
633 
622 
144 
793 
248 
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TABLE IL3.1-4 

SEP 207-B NORTH RADIATION SURVEY RESULTS 

Alpha 

Locauon Direct 
Gnd countdxtun 

'. 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
13 1 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 

48 wql 

< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 

250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 

250 
< 250 

250 
< 250 
< 250 
< 250 

250 
< 250 
< 250 
< 250 

250 
< 250 

300 
250 

< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 

250 
< 250 
< 250 
< 250 
< 250 
< 250 
< 250 

250 
< 250 

Alpha Beta Gamma 
dpm/IOOcm Beta dpm/10Ocm2 Scaler 

(Smear) Direct (Smear) Background Scaler Results 
Removable counWmn Removable Gamma - B k m d  

-7 I- 

6 
0 
3 
0 
0 
0 
6 
0 
3 
0 
0 
3 
0 
3 
6 
0 
0 
0 
3 
3 
0 
0 
3 
3 
3 
0 
3 
0 
0 
0 
0 
3 
0 
0 
0 
0 
9 
3 
3 
6 
0 
0 
3 
3 
0 
6 
3 
3 

< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 

500 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 

500 
< 100 
< 100 
< 100 
< 100 
< 100 

0 
6 

15 
24 
0 

27 
6 
3 
0 

I 5  
0 

36 
12 
9 

54 
0 
0 

39 
12 
21 
6 
0 

60 
33 
9 

21 
12 
27 
0 
9 

12 
30 
18 
24 
21 
0 

15 
0 
0 

18 
12 
3 
0 

36 
15 
30 
12 
27 

I1 3-141 

1699 
1699 
1699 
1699 
1911 
1699 
1699 
1699 
1911 
191 1 
1911 
1911 
1699 
1699 
1699 
1699 
191 1 
191 1 
1699 
1699 
191 1 
1911 
1911 
191 1 
1699 
1699 
1699 
1911 
1911 
1911 
1699 
1699 
1699 
1911 
1699 
1699 
1699 
1699 
1699 
1911 
1911 
1699 
1699 
1699 
191 1 
1911 
1699 
1699 

2566 
248 1 
2115 
2493 
2203 
2550 
2342 
2580 
2149 
2233 
2117 
2083 
2330 
2246 
2354 
2360 
2436 
2149 
2464 
2013 
2002 
2020 
1980 
22 10 
2505 
2446 
245 1 
2 176 
2324 
2075 
230 1 
2426 
22 16 
2218 
2418 
2250 
2583 
2719 
2339 
2470 
2670 
2330 
261 1 
2111 
2230 
2184 
21 15 
2962 

867 
782 
416 
794 
292 
85 1 
643 
88 1 
238 
322 
206 
172 
63 1 
547 
655 
66 1 
525 
238 
765 
3 14 
91 

109 
69 

299 
806 
747 
752 
265 
413 
164 
602 
727 
5 17 
307 
719 
55 1 
884 

1020 
640 
559 
759 
63 1 
912 
412 
3 19 
273 
4 16 

1263 
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TABLE IL3.1-4 

SEP 207-B NORTH RADIATION SURVEY RESULTS 

Alpha Beta Gamma 
Alpha dpd100cm Beta dpdlOOcm2 scaler 

Locahon Duect (Smear) Direct (Smear) Background Scaler Results 
Gnd wunts/mn Remmabie counts/mn Remwabie Gamma - B k m d  

---- ---- --- 
145 < 250 0 < 100 15 1699 2755 1056 
146 < 250 3 < 100 0 1699 2703 1004 
147 < 250 3 < 100 9 not meas 
148 
149 
150 
15 1 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 

< 250 
300 

< 250 
250 
250 

< 250 
< 250 

250 
250 

< 250 
250 

< 250 
250 
250 
250 

< 250 
250 

< 250 

3 
0 
0 
0 
6 
0 
0 
3 
0 
0 
0 
0 
9 
3 
3 
0 
0 
6 

< loo 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 

100 
100 

< 100 
< 100 
< 100 

100 
100 
100 

< 100 
100 
100 

I1 3-142 

30 
18 
48 
0 

15 
18 
18 
21 
18 
12 
30 
0 

12 
9 
3 

24 
15 
0 

1911 
191 1 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 
1699 

2054 143 
2113 202 
2505 806 
2446 747 
2156 457 
2360 66 1 
2253 554 
2306 607 
2445 746 
261 1 912 
2758 1059 
2743 1044 
2680 98 1 
2653 954 
2482 783 
2573 874 
2239 540 
2253 554 
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TABLE 11.3.1-5 

mum 
AlUlllll lUm 

METAL ANALYTICAL RESULTS 

(all results 111 mgkg) 
ASPHALT SAMPLES - SEP 207-A 

AsIMfllAE A!MWWAE M4WIBAH A W W  As4050fAE AS4WOijAE DBTEtCTZaN 

2420 4250 35 10 2850 3060 4520 2420 - 4520 

Antmony 

Arsemc 

Bmum' 

BDL (11 2) BDL (11 2) BDL (11 2) BDL (11 2) BDL (11 2) BDL (11 2) BDL 

0 74 10  1 6  1 5  1 7  1 2  0 7 4 - 1 7  

29 6 47 7 50 1 37 5 26 9 57 5 26 9 - 57 5 

BerylliumZ I BDL (0 20) 1 BDL (0 20) I BDL (0 20) I BDL (0 20) I BDL (0 20) I BDL (0 20) I BDL 11 

Copper 

Cesium 

Cyamde' 

Iron 

Lead 

I I I 

cadmlum'2 I 2 8  I 3 6  I 0 83 I 0 80 I 0 80 I 9 9  i 0 8 0 - 9 9  11 

I 

7 0  11  5 9 9  7 7  4 4  22 1 4 4 - 2 2 1  

0 53 0 97 0 71 0 67 0 43 0 98 0 43 - 0 98 

NA NA NA NA NA NA NA 

5350 7950 7170 5940 5660 9340 5350 - 9340 

107 7 9  80 4 11 4 26 5 74 2 7 9 - 107 

I I I I I I 

Calcium' I 832 I 1040 I 1730 I 1100 I 1390 I 2010 i 832 -2010 11 

Potassium' 

Selemum 

Silvel2 

Sodium' 

Chromum I 5 7  I 102  I 7 4  I 5 9  I 8 4  I 3 7 5  I 5 7 - 3 7 5  11 

1050 2370 1420 1010 1050 2050 1010 - 2370 

BDL (0 6) BDL (0 60) BDL (0 60) BDL (0 60) BDL (0 60) BDL (0 60) BDL 

BDL (1 4) BDL (1 4) BDL (1 4) BDL (1 4) BDL (1 4) BDL (1 4) BDL 

189 lo00 233 135 472 473 135 - lo00 

I I I I I I 

Cobalt I 1 4  I 2 6  I 3 4  I 2 2  I 2 8  I 3 2  i 1 4 - 3 4  11 

Strontium 

Thallium 

Tm 

5 4  6 4  11  1 7 1  5 4  14 8 5 4 - 1 4 8  

BDL (1 0) BDL (1 0) BDL (1 0) BDL (1 0) BDL (1 0) BDL (1 0) BDL 

0 37 0 49 0 41 0 31 0 34 0 51 0 31 - 0 51 

Vanadium 

Zinc' 
19 4 20 2 24 1 20 7 16 3 37 8 16 3 - 37 8 

30 8 25 6 40 2 21 1 19 9 74 0 19 9 - 74 0 

Notes I Subsurface Soil and Bedrock Potential Contmnant of Concern 
Surficial Soil Potential Contmnant of Concern 
Below Detection Limt with the detection limt in parentheses 

2 

BDL(1 0) 
NA Not Analyzed 

I. 
OU4 Proposed IMlIRA EA Decision Document 
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TABLE II.3.1-6 

Notes I Subsurface Soil and Bedrock Potential Contarmnant of Concern 
2 Surficial Soil Potential Contarmnant of Concern 

METAL ANALYTICAL RESULTS - ASPHALT SAMPLES 207-B SEh 
(all results m mgkg) 

Alumlnum 3,940 4,220 3,680 3,980 4,890 4,200 3,680-4.890 

Antimony BDL(9 6) BDL(9 7) BDL(9 6) BDL(9 4) BDL(9 5) BDL(9 5) BDL 

ArSeIllC 1 1(B) 1 BDL(0 60) 0 85(B) BDL- 1 5  

Bmum' I 4 5 8  I 517  I 4 1 0  I 4 0 9  I 523 I 513  1 4 0 9 - 5 2 3  11 
I I 

Beryllium2 I 07003) I 0 42(B) I BDL(0 20) I 0 26(B) I 0 22(B) i 046(B) i BDL - 0  70 11 
I I I I I I 

cadmlum'z I 38 6 I 69 7 I 11 2 I 2 4  I 7 3  I 3 5  i 2 4 - 6 9 7  II 
~ 1,470-2.660 11 calcium' 2,400 2,200 1,470 

Chromum 13 8 25 6 16 3 

Cobalt 

1,710 2,660 1.960 

12 2 26 9 11 9 

3 703) 4 2(B) 4 703) 

10 8 19 6 1 1  5 

0 80(B) 1 1(B) 0 85(B) 

BDL(0 10) 0 14(B) 0 17(B) 

7,770 9,400 7,960 

I 

Copper 19 9 24 6 16 2 

Cesium 0 73(B) 1 3(B) 0 80(B) 

Cyamde' BDL(0 10) BDL(0 10) BDL(0 10) 

Iron 7,440 7,800 7,130 

Lithium' 7 9(B) 8 6(B) 7 O(B) 7 5(B) 10 9 6 403) 6 4 - 1 0 9  

Magnesium 2,130 2,200 1,860 2,160 2,400 2,180 1,860-2.400 
I I 

Manganese' I 109 135 91 9 128 142 140 i 91 9 - 140 11 I I I I I 
I I I I I I I 

MercuryZ I NA I NA I NA I NA I NA I NA I 

Nickel 16 2 16 2 11 2 12 7 15 8 12 9 

Potassium' 1,740 1,860 1,490 1,700 2,200 2,030 

Selenium BDL(0 41) BDL(0 41) BDL(0 41) BDL(0 40) BDL(0 40) BDL(0 40) 

11  2 - 16 2 

1,490-2.200 

Silvet BDL(0 61) BDL(0 62) BDL(0 62) 

Sodium' 388(B) 413(B) 301(B) 

Strontium 12 8(B) 13 3(B) 9 1(B) 

BDL(0 60) 

702(B) 

9 2(B) 

BDL(0 60) 

746(B) 

14 4(B) 

BDL(0 61) 

1,050 

12 3(B) 

BDL 

301 - 1,050 

9 1 - 1 4 4  

Thallium I BDL(0 82) I BDL(0 83) I BDL(0 82) 0 96(B) BDL(0 80) BDL(0 81) BDL - 0 96 
I I 

Tin I 0 54(B) I 0 62(B) I 0 53(B) 0 53(B) 0 66(B) 0 57(B) 0 53 - 0 66 

33 6 39 0 35 8 27 4 - 39 0 

1 9 9 - 2 6 0  

Vanadium 29 9 30 5 27 4 

Z i c l  26 0 25 7 19 9 22 8 24 8 22 2 

50 wpf OU4 Proposed IMlIRA EA Decision Document 
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TABLE 3.2-1 

OU4-WIDE GAMMA (FIDLER) RADIATION SURVEY RESULTS 

UPPr ANUStd 
FIDLER FIDLER Tolerance FIDLER 

Survey Gnd Checkpoint Lhlt  MeaSUremeIlt 

A 24 2252 1947 A 
A 
A 
A 
B 
B 
B 
B 
B 
B 
B 
B 
B 
A 
A 
A 
A 
A 
A 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 

A 26 
A 28 
A 30 
B 8  
B 10 
B 12 
B 14 
B 16 
B 18 
B 20 
B 22 
B 24 
B 26 
B 28 
B 30 
B 32 
B 34 
B 36 
C 8  
c 10 
c 12 
C 14 
C 16 
C 18 
c 20 
c 22 
C 24 
C 26 
C 28 
C 30 
C 32 
c 34 
C 36 
C 38 
D8 

55 wpf 0 

l g y  

21 16 
1997 
1974 
2344 
2360 
2359 
2169 
2286 
2827 
1966 
2308 
2367 
2020 
1997 
1852 
1667 
1956 
203 1 
2325 
2263 
2350 
2320 
2388 
2423 
2340 
2483 
21 13 
2005 
2264 

1947 
1947 
1947 
2311 
2311 
2311 
2311 
2311 
2311 
2311 
2311 
2311 
1947 
1947 
1947 
1947 
1947 
1947 
2311 
2311 
2311 
2311 
2311 
231 1 
2311 
2311 
2311 
2311 
231 1 

2285 23 1 
21 18 23 1 
2018 23 1 
2171 23 1 
1996 23 1 
2204 23 1 

I1 3-151 

2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 

169 
50 
27 
33 
49 
48 

-142 
-25 
516 
-345 
-3 
56 
73 
50 
-95 
-280 

9 
84 
14 
-48 
39 
9 

77 
112 
29 
172 
-198 
-306 
-47 
-26 
193 
-293 
-140 
-315 
-107 
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TABLE 3.2-1 (continued) 

OU4-WIDE GAMMA (FIDLER) RADIATION SURVEY RESULTS 

Upper Adjusted 
FIDLER FIDLER Tolerance FIDLJlR 

Survey Gnd Reading Checkpomt Limit Measurement 
Regpon Location (CP@ ( C P )  (cpm) (cpm) 

B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
E 
E 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
D 
D 
D 
D 
D 
D 
E 

D 10 
D 12 
D 14 
D 16 
D 18 
D 20 
D 22 
D 24 
D 26 
D 28 
D 30 
D 32 
D 34 
D 36 
D 38 
D 40 
D 42 
E l  
E 3  
E 5  
E 7  
E 9  
E 11 
E 13 
E 15 
E 17 
E 19 
E 21 
E 28 
E 30 
E 32 
E 34 
E 36 
E 38 
E 40 

2146 
2100 
2182 
2153 
2095 
2157 
2511 
2222 
228 1 
2284 
2122 
2056 
2129 
2084 
2144 
1743 
1721 
1296 
1527 
1534 
1596 
1661 
1505 
1456 
1665 
1494 
1547 
1529 
2056 
1924 
1892 
2006 
2012 
1826 
1752 

2311 
2311 
2311 
2311 
2311 
2311 
2311 
231 1 
2311 
2311 
2311 
2311 
2311 
2311 
231 1 
1954 
1954 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1947 
1947 
1947 
1947 
1947 
1947 
1954 

I1 3-152 

2473 ~ -165 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 

-21 1 
-129 
-158 
-2 16 
-154 
200 
-89 
-30 
-27 
-189 
-255 
-182 
-227 
-167 
-21 1 
-233 
-633 
-402 
-395 
-333 
-268 
-424 
-473 
-264 
-435 
-382 
-400 
109 
-23 
-55 
59 
65 

-121 
-202 
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TABLE 3.2-1 ( c o Q ~ ~ u ~ )  

OU4-WIDE GAMMA @IDLER) RADIATION SURVEY RESULTS 

Upper AdSusted 
FIDLER FIDLER Tolerance FIDLER 

Survey Gnd Readmg Checkpoint Lmit Measurement 
Rwon Loeation (cpm) (cpm) (Cpm) (cpm) 

0 55 wpf 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
D 
D 
C 
D 
E 
E 
F 
F 
F 
F 
C 
C 
C 

F 2  
F 4  
F 6  
F 8  
F 10 
F 12 
F 14 
F 16 
F 18 
F 20 
F 22 
F 24 
G 5  
G 9  
G 11 
G 13 
G 15 
G 17 
G 19 
G 21 
G 23 
G 32 
G 34 
G 36 
G 38 
G 40 
G 42 
H 2  
H 4  
H 6  
H 8  

H 10 
H 12 
H 14 

1493 
1807 
1458 
1436 
1541 
1664 
1434 
1491 
1936 
1550 
1636 
1517 
1821 
1449 
1437 
1487 
1560 
1637 
1497 
1566 
1679 
1789 
208 1 
1983 
2394 
1803 
1671 
1799 
20 10 
1886 
1582 
1666 
1394 
1395 

1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1947 
1947 
1947 
1947 
1954 
1954 
1855 
1855 
1855 
1855 
1929 
1929 
1929 

I1 3-153 

2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 

-436 
-122 
-471 
-493 
-388 
-265 
-495 
-438 

7 
-379 
-293 
-412 
-108 
-480 
-492 
-442 
-369 
-292 
-432 
-363 
-250 
-158 
143 
36 

447 
-151 
-283 
-56 
155 
31 

-273 
-263 
-535 
-534 
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TABLE 3.2-1 ( c o u ~ ~ u ~ )  

OU4-WIDE GAMMA @'IDLER) RADIATION SURVEY RESULTS 

Upper Adjusted 
FIDLER FIDLER Tolerance FIDLER 

Survey Grid Reading Checkpoint Limit Measurement 
Region Location (Cpm) ( C P d  (cpm) ( C P d  

e 55 wpf 

C 
C 
C 
C 
C 
C 
F 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
D 
D 
E 
E 
F 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
F 

H 16 
H 18 
H 20 
H 22 
H 24 
H 26 
I 7  
I 9  
I l l  
I13  
I 15 
I17 
I 19 
I21 
I 23 
I 25 
I 27 
I 29 
I36 
I38  
I40 
I42 
J8 
J 10 
J 12 
J 14 
J 16 
J 18 
J 20 
J 22 
J 24 
J 26 
J 28 
J 30 
K 3  

1562 
1479 
1382 
1394 
1293 
1852 
1956 
1754 
1427 
1508 
1280 
1580 
1517 
1715 
1582 
141 1 
1584 
1402 
1780 
1837 
1562 
2206 
1964 
1643 
1296 
1457 
1693 
1453 
1770 
1750 
142 1 
1572 
1546 
1434 
1722 

1929 
1929 
1929 
1929 
1929 
1929 
1855 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1947 
1947 
1954 
1954 
1855 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1855 

I1 3-154 

2473 -367 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 

-450 
-547 
-535 
-636 
-77 
101 
-175 
-502 
-42 1 
-649 
-349 
-412 
-214 
-347 
-518 
-345 
-527 
-167 
-1 10 
-392 
252 
109 
-286 
-633 
-472 

-476 
-236 

-159 
-179 
-508 
-357 
-383 
-495 
-133 
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TABLE 3.2-1 (continued) 

OU4-WIDE GAMMA (FIDLER) RADIATION SURVEY RESULTS 

Upper Adjusted 
FIDLER FIDLER Tolerance FIDLER 

Survey Gnd Reading Checkpoint Lunlt Measurement 
R q o n  Location (CPm) ( C P d  (CPm) (CPm) 

F K 5  1852 1855 2473 -3 
.: 

F 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
E 
E 
F 
F 
F 
J 
J 
J 
J 
J 
F 
F 
F 
C 
H 
H 
H 
H 
J 
J 

K 7  
K 9  
K 11 
K 13 
K 15 
K 17 
K 19 
K 21 
K 23 
K 25 
K 27 
K 29 
K 31 
K 33 
K40 
K 42 
L 4  
L 6  
L 8  
L 28 
L 30 
L 32 
L 34 
L 36 
M 3  
M 5  
M 7  
M 9  
M 11 
M 13 
M 15 
M 21 
M 29 
M 31 

1576 
1756 
1535 
1453 
1446 
2023 
1918 
1748 
1663 
1610 
1499 
1548 
1544 
1531 
1839 
1701 
1772 
1483 
1552 
1264 
1580 
1239 
1403 
1529 
1501 
1563 
1739 
1461 
2172 
2220 
2186 
2443 
1307 
1517 

1855 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1954 
1954 
1855 
1855 
1855 
1429 
1429 
1429 
1429 
1429 
1855 
1855 
1855 
1929 
1834 
1834 
1834 
1834 
1429 
1429 

2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 

-279 
-173 
-394 
-476 
-483 
94 
-1 1 
-181 
-266 
-319 
-430 
-381 
-385 
-398 
-I  15 
-253 
-83 
-372 
-303 
-165 
151 
-190 
-26 
100 
-354 
-292 
-1 16 
-468 
338 
386 
352 
609 
-122 
88 
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TABLE 3.2-1 (continued) 

OU4-WIDE GAMMA (FIDLER) RADIATION SURVEY RESULTS 

Upper AajUStd 
FIDLER FIDLER Tolerance FIDLER 

Survey Grid Reading Checkpoint Lrnlt Measurement 
Regron Location ( C P )  ( C P )  (CPW ( C P )  

J M 33 1282 1429 2473 - 147 
J 
J 
F 
F 
F 
H 
H 
J 
J 
J 
J 
J 
J 
J 
F 
F 
C 
H 
H 
J 
J 
J 
J 
J 
F 
F 
F 
C 
H 
H 
H 
H 
J 
J 

M 35 
M 37 
N 4  
N 6  
N 8  

N 16 
N 22 
N 28 
N 30 
N 32 
N 34 
N 36 
N 38 
N 40 
0 3  
0 7  
0 9  
0 15 
0 21 
0 29 
0 33 
0 35 
0 37 
0 39 
P 2  
P 4  
P 8  
P 10 
P 16 
P 22 
P 24 
P 26 
P 28 
P 32 

1415 
1542 
1409 
1501 
1638 
1507 
1591 
1253 
1544 
1808 
1443 
1304 
1303 
1586 
1587 
2074 
1410 
2187 
2200 
1460 
1652 
1848 
1473 
1272 
1826 
1353 
1668 
1590 
2449 
1584 
2148 
2126 
1760 
2106 

1429 
1429 
1855 
1429 
1429 
1429 
1429 
1429 
1855 
1429 
1429 
1429 
1429 
1429 
1855 
1855 
1929 
1834 
1384 
1429 
1429 
1429 
1429 
1429 
1855 
1855 
1855 
1929 
1834 
1834 
1834 
1834 
1429 
1429 

2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 

-14 
113 
-446 
-354 
-217 
-327 
-243 
-176 
115 
379 
14 

-125 
-126 
157 

219 
-519 
353 
366 
31 
223 
419 
44 

-157 
-29 
-502 
-187 
-339 
615 
-250 
3 14 
292 
33 1 
677 

-268 
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TABLE 3.2-1 (continued) 

OU4WIDE GAMMA @IDLER) RADIATION SURVEY RESULTS 

Upper A4JUStd 
FIDLER FIDLER Tolerance FIDLER 

Survey Gnd Reading Checkpomt Limit Measurement 
Region Location ( C P )  (cpm) (cpm) (Cpm) 

a 
J P34 2265 1429 2473 836 
J 
J 
J 
F 
F 
F 
F 
F 
F 
H 
J 
J 
J 
J 
F 
F 
F 
F 
F 
F 
F 
J 
H 
J 
J 
J 
J 
J 
J 
F 
F 
H 
H 
H 

P 36 
P 38 
P 40 
4 3  
4 7  
Q 9  
Q 11 
Q 13 
Q 15 
Q 21 
Q 33 
Q 35 
Q 37 
Q 39 
R 2  
R 4  
R 6  
R 8  
R 10 
R 12 
R 14 
R 16 
R 22 
R 28 
R 30 
R 32 
R 34 
R 36 
R 38 
S 13 
S 15 
s 21 
S 23 
S 25 

1721 
1247 
1346 
1980 
2017 
1748 
1448 
1514 
1636 
2349 
2053 
1603 
1399 
1592 
1779 
1831 
1756 
2556 
2572 
1979 
1383 
2156 
1474 
1319 
2125 
1859 
1828 
1347 
1300 
1960 
1576 
2270 
2419 
201 1 

1429 
1429 
1429 
1855 
1855 
1855 
1855 
1855 
1955 
1834 
1429 
1429 
1429 
1429 
1855 
1855 
1855 
1855 
1855 
1855 
1855 
1429 
1834 
1429 
1429 
1429 
1429 
1429 
1429 
1855 
1855 
1834 
1834 
1834 

I1 3-157 

2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 

292 
-182 
-83 
125 
162 
107 
-407 
-341 
-219 
515 
624 
174 
-30 
163 
-76 
-24 
-99 
70 1 
717 
124 
-472 
727 
-360 
-1 10 
696 
430 
399 
-82 
-129 
105 

436 
585 
177 

-279 
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TABLE 3.2-1 (conturued) 

OU4-WIDE GAMMA (FIDLER) RADIATION SURVEY RESULTS 

Upper AQustd 
FIDLER FIDLER Tolerance FIDLER 

Survey Grid Reading Checkpoint Limit Measurement 
Region Locatron (CPm) (CPm) ( C P )  (CPW 
H 
J 
J 
J 
J 
F 
F 
J 
H 
J 
J 
J 
J 
J 
J 
J 
J 
J 
H 
H 
H 
H 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 

S 27 
S 31 
s 33 
s 35 
s 37 
T 12 
T 14 
T 16 
T 22 
T 28 
T 30 
T 32 
T 34 
T 36 
U 31 
u 33 
u 35 
V 16 
v 18 
v 20 
v 21 
v 22 
V 28 
v 20 
V 30 
V 32 
v 34 
W 17 
W 19 
w 21 
W 23 
W 25 
W 27 
W 31 
w 33 

e 55 wpf 

2390 1834 
1339 
1799 
1632 
1492 
1852 
1814 
3364 
233 1 
1253 
1151 
1453 
1870 
1825 
1594 
1673 
1617 
1713 
2324 
2448 
2348 
1343 
1230 
1463 
1427 
1598 
1614 
2079 
1609 
1683 
1557 
1254 
1177 
1063 
1752 

1429 
1429 
1429 
1429 
1855 
1855 
1429 
1934 
1429 
1429 
1429 
1429 
1429 
1492 
1429 
1429 
1429 
1834 
1834 
1834 
1834 
1429 
1429 
1429 
1429 
1429 
1429 
1429 
1429 
1429 
1429 
1429 
1429 
1429 

I1 3-158 

2473 556 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 
2473 

-90 
370 
203 
63 
-3 
-41 
1935 
497 
-176 
-278 
24 
441 
396 
165 
244 
188 
284 
490 
614 
514 
-49 1 
-199 
34 
-2 
169 
185 
650 
1 80 
254 
128 
-175 
-252 
-366 
323 
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TABLE 3.2-1 (c~ntinued) 

OU4WIDE GAMMA O m R )  RADIATION SURVEY RESULTS 

Upper A4uPtea 
mLER FIDLER Tolerance FIDLER 

Survey Grid Rea- Checkpoint Limit Measurement 
Region Location (cpm) (Cpm) (cpm) ( C P )  

J x 10 2023 1855 2473 168 
F x 12 1723 1855 2473 -132 
F X 14 1647 1855 2473 -208 
J X 16 1893 1429 2473 464 
J X 18 1844 1429 2473 415 
J x 20 1563 1429 2473 134 
J x 22 1246 1429 2473 -183 
J X 24 1368 1429 2473 -6 1 
J X 26 1225 1429 2473 -204 
J X 28 1219 1429 2473 -210 
J X 30 1974 1429 2473 545 
J X 32 1577 1429 2473 148 
F Y 7  2045 1855 2473 190 
F Y 9  1802 1855 2473 -53 
J Y 15 1614 1429 2473 185 
J Y 17 1923 1429 2473 494 
J Y 23 1495 1429 2473 66 
J Y 27 1958 1429 2473 529 
J Y 29 1893 1429 2473 464 
J Y 31 1485 1429 2473 56 

Bacbround Ahon Level Calculation 

The calculated mean was obtaned from a population of 301 FIDLER readings 
The value of background is represented by the 95% Upper Tolerance Limt 

Upper Tolerance Limt = FIDLER Background 
Upper Tolerance Lmt = Mean + 2(Std Dev) = 1769 + 2(352) = 2473 cpm 

Notes 

55 wpf 0 
! 3-40 

Negative values in last column indicate the adjusted result is less than the checkpoint value 

I1 3-159 
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TABLE II.3.2-2 

POTENTIAL CONTAMINANTS OF CONCERN IN OU4 SURFICIAL SOILS 

Non-Radiolognl 
IIlOrganiCS 

Beryllium 

Cadrmum 

calcium 

Mercury 

Nitrate/Nitrite 

Silicon 

Silver 

Sodium 

‘ 0  56 wpf 

Radionuclides 

Amencium-241 

Cesium- 134 

Gross alpha 

Plutonlum-239/240 

Tritium 

Uranium-233/234 

Ura~um-235 

U r m m - 2 3  8 

Semivolatile Organics I PCBS 

Benzo( a)anthracene 

Benzo( a)p yrene 

Benzo(b)fluoranthene 

Bern( ghi)pery lene 

Bern( k) fluoranthene 

Bis(2-ethylhexy1)phthalate 

Chrysene 

Di-n-butyl phthalate 

Fluoranthene 

Indeno( 1,2,3-cd)pyrene 

Phenanthrene 

Porene 

Aroclor- 1254 

I1 3-160 
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TABLE IL3 2-4 

SURFICIAL son 
NON-RADIOLOGICAL INORGANIC POTENTLAL CONTAMINANTS OF CONCERN 

Result Detect Lab 
Locatm SampleNo QCCode/partner Type C h a d  Result L m t  U N ~ S  Qual *Valid* 

_I 

SS400193 SS40017AE REAL 
SS400293 SS40018AJ2 REAL 
sS400393 sS40019AE REAL 
sS400493 sS40020AE REAL 
sS400593 sS40021AE REAL 
SS400693 SS40022AE REAL 
SS400793 SS40023AE REAL 
SS400893 SS40024AE REAL 
SS400993 SS40025AE REAL 
SS401093 SS40026AE REAL 
SS40 1 193 SS40027AE REAL 
SS401293 SS40028AE REAL 
SS401393 SS40029AE REAL 
SS401493 SS40030AE REAL 
SS401593 SS40031AE REAL 
SS401693 SS40032AFi REAL 
SS401793 SS40033AE REAL 
SS401893 SS40034AE REAL 
sS401993 sS40035AE REAL 
SS402093 SS40036AE REAL 
SS402193 SS40037AE REAL 
SS402293 SS40016AE DUP 
SS402293 SS40038AE REAL 
SS402393 SS40039AE REAL 
SS402493 SS4004OAE REAL 
SS402593 SS40041AE REAL 
SS402693 SS40199AE REAL 
SS402793 SS40043AE REAL 
SS402893 SS40044AE REAL 
SS402993 SS40045AE REAL 
SS403093 SS40046AE REAL 
SS403193 SS40047AE REAL 
SS403293 SS40048AE REAL 
SS403393 SS40049AE REAL 
SS403493 SS4005OAE REAL 
SS403593 SS40051AE REAL 
SS403693 SS40052AE REAL 

40093 SS40060AE REAL 
40193 SS40485AE REAL 
40293 SS40042AE REAL 
40393 SS40053AE REAL 
40593 SS40054AE REAL 
40693 SS40057AE REAL 
40793 SS40058AE REAL 
40893 SS40004AE REAL 
40993 SS40072AE REAL 
40993 SS40412AE DUP 
4 1 193 SS40007AE REAL 
41293 SS40071AE REAL 
41693 SS40410AE REAL 
41793 SS40069AE DUP 
41793 SS40077AE REAL 
4 1893 SS40003AE REAL 
41 993 SS40009AE REAL 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS4003W TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40412AE TRG 
SS40072AE TRG 

TRG 
TRG 
TRG 

SS40077AE TRG 
TRG 
TRG 
TRG 

BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 

1 1  
1 4  
3 3  
1 1  
4 6  
2 2  
1 2  
1 3  
1 2  
1 1  
1 4  
1 1  
1 4  
1 1  
1 3  
1 1  
1 2  
1 1  
1 2  
1 3  
1 2  
1 1  
1 1  
1 2  
1 3  
1 3  
1 1  
1 8  
9 6  
1 8  
2 5  
1 3  
1 5  
1 4  
1 2  
1 1  
1 2  
1 4  
1 4  
1 4  
1 3  
1 3  
1 9  
1 7  
1 2  
1 2  
1 2  
1 8  
1 5  
1 5  
1 7  
2 1  
1 2  
1 2  

1 1  
1 4  

5 
1 
5 
5 

1 2  
1 
1 

1 1  
1 

1 1  
1 4  
1 1  
1 3  

1 
1 
1 

1 2  
1 
1 

1 1  
1 1  

1 
1 
1 
1 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
1 
1 
1 
1 
1 
5 
5 

1 2  
5 
5 
2 
5 
1 
1 
1 
1 
1 

MGKG U 
MGKG U 
MGKG 
MGKG U 
MGKG 
MGKG 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG 
MGKG 
MGKG 
MGKG 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG U 
MGKG 
MGKG 
MGKG 
MGKG U 
MGKG U 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
v 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
v 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
v 
v 
V 
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TABLE II.3 2-4 

SURFICIAL SOIL 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Result Detect Lab 
Lorahon SampleNo QCCode/partner Type Chantcal Result L m t U l u t s  Qual *Valid* - - ----- 

42093 SS40013AE DUP 
42093 SS40480AE REAL 
42293 SS40078AEREAL 
42393 SS40079AE REAL 
42693 SS40080AE REAL 
42993 SS40056AE REAL 
43193 SS40084AEREAL 
43293 SS40006AE REAL 
43493 SS40086AE REAL 
43593 sS40061AEREAL 
43793 SS40088AE REAL 
43893 SS4001OAE REAL 
43993 SS40091AE REAL 
44093 SS40090AEREAL 
44193 SS40011AEREAL 
44393 SS40005AE REAL 
44593 sS40001AEREAL 
44793 sS40055AEREAL 
44893 SS40070AE REAL 
45693 SS40094AE REAL 
45793 SS40015AE REAL 
46193 SS40096AE REAL 

SS400193 SS40017AE REAL 
SS400293 SS40018AE REAL 
SS400393 SS40019AE REAL 
SS400493 SS40020AE REAL 
SS400593 SS40021AE REAL 
SS400693 SS40022AE REAL 
SS400793 SS40023AE REAL 
SS400893 SS40024AE REAL 
SS400993 SS40025AE REAL 
SS401093 SS40026AE REAL 
SS401193 SS40027AE REAL 
SS401293 SS40028AE REAL 
SS401393 SS40029AE REAL 
SS401493 SS40030AE REAL 
SS401593 SS40031AE REAL 
SS401693 SS40032AE REAL 
SS401793 SS40033AE REAL 
SS401893 SS40034AE REAL 
SS401993 SS40035AE REAL 
SS402093 SS40036AE REAL 
SS402193 SS40037AE REAL 
SS402293 SS40016AE DUP 
SS402293 SS40038AE REAL 
SS402393 SS40039AE REAL 
33402493 SS40040AE REAL 
SS402593 SS40041AE REAL 
SS402693 SS40199AE REAL 
SS402793 SS40043AE REAL 
SS402893 SS40044AE E A L  
33402993 SS40045AE REAL 
SS403093 SS40046AE REAL 

* Codes arc explaned in Table I1 3 6-1 
58 wql 

SS40480AE TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40038AE TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 

CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
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1 
1 

1 2  
1 1  
1 6  
1 1  
1 1  
1 3  
1 1  
1 1  
3 6  
2 3  
1 1  
1 2  
1 1  
1 1  
1 1  
1 4  
1 4  
1 5  
1 4  
1 2  

1 1  
12 5 
23 9 

1 1  
133 
17 3 
1 2  
1 3  
1 2  
2 5  
1 4  
1 1  
2 1  
1 1  
1 5  
1 1  
1 2  
6 1  
2 3  
1 3  
1 2  
1 1  
1 1  
1 2  
1 3  
1 3  
1 7  

356 
1 94 
14 6 
382 

1 MGKG U 
1 MGKG U 
5MGKG U 
1 MGKG U 
2 M G K G  U 
1 MGKG U 
1 MGKG U 
1 MGKG U 
5MGKG U 
1 MGKG U 
1 MGKG 
1 MGKG 
1 MGKG U 
1 MGKG U 

1 1  MGKG U 
1 MGKG U 

1 1  MGKG U 
1 MGKG U 
1 MGKG U 
5MGKG U 
5MGKG U 
5 MGKG U 

1 1  MGKG U 
1 4  MGKG 

5 MGKG 
1 MGKG UN 
5 MGKG 
5 MGKG 

1 MGKG UN 
1 MGKG UN 

1 MGKG UN 

1 2  MGKG U 

1 1  MGKG 

1 1  MGKG U 
1 4  MGKG 
1 1  MGKG U 
1 3  MGKG 

1 MGKG UN 
1 MGKG UN 
1 MGKG N 

1 MGKG UN 
1 MGKG UN 

1 2  MGKG 

1 1  MGKG U 
1 1  MGKG U 

1 MGKG UN 
1 MGKG UN 
1 MGKG UN 
1 MGKG N 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

JA 
V 
V 
V 
V 
V 
JA 
V 
V 
JA 
V 
JA 
JA 
JA 
JA 
V 
V 
JA 
JA 
V 
V 
JA 
JA 
V 
V 
V 
JA 
V 
V 
V 
V 
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TABLE IL3 2-4 

SURFICIAL SOIL 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Result Detect Lab 
Locatm SampleNo QCCodePartner Type Chmcal Result LmtUmts Qual +Vahd+ 

SS403193 SS40047AE REAL TRG 
SS403293 SS40048AE REAL TRG 
SS403393 SS40049AE REAL TRG 
SS403493 SS4005OAE REAL TRG 
SS403593 SS40051AE REAL TRG 
SS403693 SS40052AE REAL TRG 

40093 SS4006OAEREAL TRG 
40193 SS40485AE REAL TRG 
40293 SS40042AEREAL TRG 
40393 SS40053AE REAL TRG 
40593 SS40054AE REAL TRG 
40693 SS40057AE REAL TRG 
40793 SS40058AE REAL TRG 
40893 SS40004AE REAL TRG 
40993 SS40072AE REAL SS40412AE TRG 
40993 SS40412AE DUP SS40072AE TRG 
4 1 193 SS40007AE REAL TRG 
41293 SS40071AE REAL TRG 
41693 SS4041OAE REAL TRG 
41793 SS40069AE DUP SS40077AE TRG 
41793 SS40077AEREAL TRG 
41 893 SS40003AE REAL TRG 
41993 SS40009AE REAL TRG 
42093 SS40013AE DUP SS40480AE TRG 
42093 SS40480AE REAL TRG 
42293 SS40078AE REAL TRG 
42393 SS40079AE REAL TRG 
42693 SS40080AE REAL TRG 
42993 SS40056AE REAL TRG 
43193 SS40084AE REAL TRG 
43293 SS40006A.E REAL TRG 
43493 SS40086AE REAL TRG 
43593 SS40061A.E REAL TRG 
43793 SS40088AE REAL TRG 
43893 SS4001OAE REAL TRG 
43993 SS40091AE REAL TRG 
44093 SS40090AE REAL TRG 
44193 SS4001lAE REAL TRG 
44393 SS40005AE REAL TRG 
44593 ss40001AE REAL TRG 
44793 SS40055AE REAL TRG 
44893 SS40070AE REAL TRG 
45693 SS40094AE REAL TRG 
45793 SS40015AE REAL TRG 
46193 SS40096AE REAL TRG 

CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 

SS400193 SS40017AE REAL 
SS400293 SS40018AE REAL 
SS400393 SS40019AE REAL 
SS400493 SS40020A.E REAL 
SS400593 SS40021AE REAL 
SS400693 SS40022AE REAL 
SS400793 SS40023AE REAL 
SS400893 SS40024A.E REAL 

* Codes are explaned in Table I1 3 6-1 
58 wql 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 

1 9  
2 5  
1 4  
1 2  
11 
1 3  
1 4  
1 4  
1 4  
1 3  
1 3  
1 9  
1 7  
3 1  
3 2  
3 2  

8 
4 3  

14 3 
25 

30 1 
6 3  
1 8  
2 2  
15 
1 9  
1 1  
1 6  
1 7  
5 6  
3 5  
3 7  
11 

42 2 
58 3 

1 1  
1 2  
11 
1 9  
1 1  
1 4  
1 6  
15 
1 9  
6 4  

25700 
11600 
19300 
5960 
3090 
9250 

68400 
7860 

5 MGKG 
5 MGKG 
5MGKG U 
5MGKG U 
SMGKG U 
5 MGKG 
1 MGKG UN 
1 MGKG UN 
1 MGKG U 
1 MGKG U 
1 MGKG U 
5MGKG U 
5MGKG U 

1 2  MGKG 
5 MGKG 
5 MGKG 
2 MGKG 
5 MGKG 
1 MGKG N 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG N 
1 MGKG N 
1 MGKG N 
5 MGKG 
1 MGKG U 
2MGKG U 
1 MGKG 
1 MGKG 
1 MGKG 
5 MGKG 
1 MGKG U 
1 MGKG N 
1 MGKG 
1 MGKG U 
1 MGKG U 

1 1  MGKG U 
1 MGKG 

1 1  MGKG U 
1 MGKG UN 
1 MGKG N 
5 MGKG U 
5 MGKG 
5 MGKG 

22699 MGKG 
28486 MGKG 

1000 MGKG 
1099 MGKG * 
1000 MGKG 
1000 MGKG 

2325 3 MGKG 
1305 MGKG * 

JA 
JA 
V 
V 
V 
JA 
V 
V 
V 
V 
V 
V 
V 
JA 
V 
V 
V 
V 
JA 
V 
V 
V 
JA 
JA 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
V 
V 
V 
JA 
V 
JA 
V 
JA 
V 
V 
V 

V 
V 
V 
JA 
V 
V 
V 
JA 
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TABLE IL3 2-4 

SURFICIAL SOIL 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMJNANTS OF CONCERN 

Result Detect Lab 
Locahon SampleNo QcCode/Partner Type Chermcal Result LmtUxuts Qual *Valid* - - ---I_- 

sS400993 sS40025AE REAL TRG 
SS401093 SS40026AE REAL TRG 
SS40 1 193 SS40027AE REAL TRG 
SS401293 SS40028AEi REAL TRG 
SS401393 SS40029AE REAL TRG 
SS401493 SS40030AE REAL TRG 
SS401593 SS40031AE REAL TRG 
SS401693 SS40032AE REAL TRG 
SS401793 SS40033AE REAL TRG 
SS401893 SS40034AE REAL TRG 
SS401993 SS40035AE REAL TRG 
SS402093 SS40036AE REAL TRG 
SS402 193 SS40037AE REAL TRG 
SS402293 SS40016AE DUP SS40038AE TRG 
SS402293 SS40038AE REAL TRG 
SS402393 SS40039AE REAL TRG 
SS402493 SS4004OAE REAL TRG 
SS402593 SS40041AE REAL TRG 
SS402693 SS40199AE REAL TRG 
SS402793 SS40043AE REAL TRG 
SS402893 SS40044AE REAL TRG 
SS402993 SS40045AE REAL TRG 
SS403093 SS40046AE REAL TRG 
SS403 193 SS40047AE REAL TRG 
SS403293 SS40048AE REAL TRG 
SS403393 SS40049AE REAL TRG 
SS403493 SS4005OAE REAL TRG 
SS403593 SS40051AE REAL TRG 
SS403693 SS40052AE REAL TRG 

40093 SS4006OAE REAL TRG 
40193 SS40485AE REAL TRG 
40293 SS40042AEREAL TRG 
40393 SS40053AE REAL TRG 
40593 SS40054AE REAL TRG 
40693 SS40057AE REAL TRG 
40793 SS40058AE REAL TRG 
40893 SS40004AE REAL TRG 
40993 SS40072AE REAL SS40412AE TRG 
40993 SS40412AE DUP SS40072AE TRG 
41 193 SS40007AE REAL TRG 
41293 SS40071AE REAL TRG 
41693 SS4041OAE REAL TRG 
41793 SS40069AE DUP SS40077AE TRG 
41793 SS40077AE REAL TRG 
41893 SS40003AE REAL TRG 
41993 SS40009AE REAL TRG 
42093 SS40013AE DUP SS4048OA.E TRG 
42093 SS40480AE REAL TRG 
42293 SS40078AE REAL TRG 
42393 SS40079AE REAL TRG 
42693 SS40080AE REAL TRG 
42993 SS40056AEREAL TRG 
43 193 SS40084AE REAL TRG 
43293 SS40006AE REAL TRG 

* Codes are explaned in Table I1 3 6 - 1  
58 wql 

CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
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2240 
3 140 
5430 

10800 
24200 
3500 

24300 
2810 
5230 
3450 

40100 
15100 
4610 
1290 
1110 
8200 
7610 
6100 
4730 
7620 
5650 

63200 
248000 

18100 
55500 
31500 
7800 
7490 
5900 
5730 
6260 
4530 
9760 

10400 
39400 
20400 
29700 
13000 
12500 
44100 
22800 
11300 
3 1500 
30000 
10500 
6980 
1870 
2360 

56500 
6990 
4630 
7430 

39500 
4680 

1163 MGKG * 

1408 MGKG * 
2263 7 MGKG 

2240 1 MGKG 
28906 MGKG 
22077 MGKG 
25873 MGKG 

1062 MGKG 
1178 MGKG * 
1101 MGKG 

1284MGKG * 
1153 MGKG 

2314 8 MGKG 

2112 6 MGKG 
21209 MGKG 

1157 MGKG * 
1300 MGKG * 
1342 MGKG * 
1135 MGKG * 
1000 MGKG 
1000 MGKG 
1000 MGKG 
1000 MGKG 
1000 MGKG 
1000 MGKG 
lo00 MGKG 
1000 MGKG 
1000 MGKG 
1000 MGKG 
1372 MGKG 
1422 MGKG * 
2829 MGKG 
1295 MGKG 
2670 MGKG 
1000 MGKG 
1000 MGKG 

2415 5 MGKG 
1000 MGKG 
1000 MGKG 
1802 MGKG 
1000 MGKG 
1337 MGKG E 
1 145 MGKG 
1138 MGKG 
2436 MGKG 
1 192 MGKG 
1028 MGKG 
1030 MGKG 
1000 MGKG * 
2141 MGKG 
1550 MGKG 
2281 MGKG 
1101 MGKG 
1255 MGKG 

JA 
V 
JA 
V 
V 
V 
V 
JA 
JA 
JA 
V 
JA 
JA 
V 
V 
JA 
JA 
JA 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
V 
V 
V 
v 
V 
V 
JA 
V 
V 
V 
V 
v 
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TABLE IL3 2-4 

SURFICXAL SOIL 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Result Detect Lab 
Locatxm SampleNo QCCode/partner Type Chermcal Result LmtUmts Qual *Valid* - - ---_I- 

43493 ss40086AEREAL 
43593 sS40061AEREAL 
43793 Ss40088AEREAL 
43893 SS4001OAE REAL 
43993 sS40091AE REAL 
44093 SS4009OAEREAL 
44193 SS40011AEREAL 
44393 sS4OoO5AEREAL 
44593 sS40001AEREAL 
44793 sS40055AEREAL 
44893 SS40070AEREAL 
45693 SS40094AE REAL 
45793 sS40015AE REAL 
461 93 SS40096AE REAL 

SS400193 SS40017AE REAL 
SS400293 SS40018AE REAL 
SS400393 SS40019AE REAL 
SS400493 SS40020AE REAL 
SS400593 SS40021AE REAL 
SS400693 SS40022AE REAL 
SS400793 SS40023AE REAL 
SS400893 SS40024AE REAL 
SS400993 SS40025AE REAL 
SS401093 SS40026AE REAL 
SS401193 SS40027AE REAL 
SS401293 SS40028AE REAL 
SS401393 SS40029AE REAL 
SS401493 SS40030AE REAL 
SS401593 SS40031AE REAL 
SS401693 SS40032AE REAL 
SS401793 SS40033AE REAL 
SS401893 SS40034AE REAL 
SS401993 SS40035AE REAL. 
SS402093 SS40036AE REAL 
SS402 193 SS40037AE REAL 
SS402293 SS40016AE DUP 
SS402293 SS40038AE REAL 
SS402393 SS40039AE REAL 
SS402493 SS4004OAE REAL 
SS402593 SS40041AE REAL 
SS402693 SS40199AE REAL 
SS402793 SS40043AE REAL 
SS402893 SS40044AE REAL 
SS402993 SS40045AE REAL 
SS403093 SS40046AE REAL 
SS403 193 SS40047AE REAL 
SS403293 SS40048AE REAL 
SS403393 SS40049AE REAL 
SS403493 SS40050AE REAL 
SS403593 SS40051AE REAL 
SS403693 SS40052AE REAL 

40093 SS40060AE REAL 
40193 SS40485AE REAL 

* Codes are explained in Table I1 3 6-1 
58 wql 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40038AE TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 

MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 

11 3-166 

79400 
4970 

13500 
69600 
15100 
72500 

1600 
29800 
21100 
17000 
5560 

40700 
16000 
32100 

0 05 
0 14 
0 2  

0 05 
0 78 
0 1 1  
0 06 
0 06 
0 06 
0 07 
0 07 
0 05 
0 07 
0 05 
0 08 
0 05 
006 
0 05 
0 05 
0 06 
0 05 
0 05 
0 05 
0 05 
0 06 
0 06 
0 05 

1 8  
0 34 
0 1 1  

1 7  
0 13 
0 15 
0 14 
0 12 
0 1 1  
0 12 
0 21 
0 07 

1OOOMGKG 
2101 MGKG 
1167 MGKG E 
1182 MGKG 
1130 MGKG 
1 192 MGKG 

22553 MGKG 
2294 MGKG 

2199 5 MGKG 
1404 MGKG 
1449 MGKG 
1000 MGKG 
loo0 MGKG 
1000 MGKG 

0 2  MGKG UN 
0 3  MGKG BN 
0 2  MGKG N 

004 MGKG U 
0 2  MGKG N 
0 2  MGKG UN 
0 2  MGKG UN 

0 0 5  MGKG U 
0 0 5  MGKG U 

006 MGKG U 
0 2  MGKG BN 

0 2  MGKG UN 
0 3  MGKG UN 
0 2  MGKG UN 
0 3  MGKG BN 

004 MGKG U 
0 0 5  MGKG U 
004 MGKG U 

0 0 5  MGKG U 
0 0 5  MGKG U 

0 2  MGKG UN 

0 2  MGKG UN 
0 2  MGKG UN 

0 0 5  MGKG U 
0 0 5  MGKG U 
0 0 5  MGKG U 
005 MGKG U 
0 2  MGKG N 
0 2  MGKG N 
0 2  MGKG UN 
0 2  MGKG N 
0 2  MGKG UN 
0 2  MGKG UN 
0 2  MGKG UN 
0 2  MGKG U 
0 2  MGKG U 
0 2  MGKG U 
0 1  MGKG 

006 MGKG U 

JA 
V 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

R 
JA 
JA 
V 
JA 
V 
R 
V 
V 
JA 
V 
JA 
R 
R 
JA 
V 
V 
V 
R 
V 
V 
JA 
JA 
V 
V 
V 
V 
JA 
JA 
JA 
JA 
V 
V 
JA 
V 
V 
V 
V 
v 
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TABLE IL3 2-4 

suRFIcI4u SOIL 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

a 

Result 
Locatran SampleNo QCCodeflparcner Type Chenucal 

Detect Lab 
Result LmtUmts Qual *Valid* 

__ 
40293 SS40042AEREAL TRG 
40393 sS40053AEREAL TRG 
40593 SS40054AE REAL TRG 
40693 sS40057AEREAL TRG 
40793 SS40058AE REAL TRG 
40893 SS4OOO4AEREAL TRG 
40993 SS40072AE REAL SS40412AE TRG 
40993 SS40412AE DUP SS40072AE TRG 
41193 SS40007AE REAL TRG 
41293 SS40071AE REAL TRG 
41693 SS4041OAE REAL TRG 
41793 SS40069AE DUP SS40077AE TRG 
41793 SS40077AE REAL TRG 
41893 SS40003AE REAL TRG 
41993 SS40009AE REAL TRG 
42093 SS40013AE DUP SS4048OAE TRG 
42093 SS40480AE REAL TRG 
42293 SS40078AE REAL TRG 
42393 SS40079AE REAL TRG 
42693 SS40080AE REAL TRG 
42993 SS40056AE REAL TRG 
43 193 SS40084AE REAL TRG 
43293 SS40006AE REAL TRG 
43493 SS40086AE REAL TRG 
43593 SS40061AE REAL TRG 
43793 SS40088AEREAL TRG 
43893 SS4001OAE REAL TRG 
43993 SS40091AE REAL TRG 
44093 SS40090AEREAL TRG 
44193 SS40011AE REAL TRG 
44393 sS4o005AEREAL TRG 
44593 SS40001AE REAL TRG 
44793 SS40055AE REAL TRG 
44893 SS40070AE REAL TRG 
45693 SS40094AE REAL TRG 
45793 sS40015AE REAL TRG 
46193 SS40096AE REAL TRG 

40093 SS40060AE REAL TRG 
40193 SS40485AE REAL TRG 
40293 SS40042AE REAL TRG 
40393 SS40053AE REAL TRG 
40593 SS40054AE REAL TRG 
40693 SS40057AE REAL DIL 
40793 SS40058AE REAL TRG 
40893 SS40004AE REAL TRG 
40993 SS40412AE DUP SS40072AE DIL 
40993 SS40072AE REAL SS40412AE DIL 
41 193 SS40007AE REAL TRG 
41293 SS40071AE REAL DIL 
41693 SS40410AE REAL TRG 
41793 SS40069AE DUP SS40077AE TRG 
4 1793 SS40077AE REAL TRG 
41893 SS40003AE REAL TRG 

* Codes are explaned in Table I1 3 6-1 
58 wql 

MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 

I1 3-167 

0 21 0 3  MGKG JA 
013 0 0 5 M G K G  U V 
0 2  0 3  MGKG JA 

0 19 0 2  MGKG U JA 
0 17 0 2  MGKG U JA 
006 0 2  MGKG UN R 
0 12 0 2  MGKG U JA 
0 12 0 2  MGKG U JA 
018 007MGKG U V 
0 15 0 2  MGKG U JA 
013 005 MGKG U V 
011 0 0 5 M G K G  U V 
011 0 0 5 M G K G  U V 
0 35 0 2  MGKG JA 
018 005 MGKG V 
005 0 0 4 M G K G  U V 
012 004MGKG V 
0 18 0 2  MGKG U V 
0 13 0 2  MGKG JA 
016 0 0 6 M G K G  U V 
0 14 0 2  MGKG JA 
033 0 0 4 M G K G  V 
013 005 MGKG U V 
0 17 0 2 M G K G  U V 
0 05 0 2 M G K G  U V 
048 005 MGKG V 
012 005 MGKG U V 
0 1 1  OMGKG U V 
012 005  MGKG U V 
0 05 0 2  MGKG UN JA 
0 4  0 2  MGKG V 

0 05 0 2  MGKG UN R 
0 07 0 1  MGKG U V 
0 17 0 1  MGKG V 
0 15 0 2  MGKG UN JA 
0 14 0 2  MGKG UN JA 
0 12 0 2  MGKG U V 

127 028MGKG 
4 7  0 2 8 M G K G  
13  027MGKG 
1 4  027 MGKG 
6 4  028 MGKG 

298 108 MGKG 
769 035 MGKG 
2 94 0 2  MGKG 
228 071 MGKG 
207 071 MGKG 
168 024 MGKG 
389 133MGKG 
155 027MGKG 
8 1  023 MGKG 
8 5  023 MGKG 
7 8  024 MGKG 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
v 
V 
V 
V 
V 
V 
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TABLE IL3 2-4 

SURFICIAL SOIL 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMJNANTS OF CONCERN 

Result 
Locatm SampleNo QCCode/Partne~ Type 

41993 SS4OOO9AE REAL TRG 
42093 SS40013AE DUP SS40480AE TRG 
42093 SS4048OAEREAL TRG 
42293 SS40078AEREAL TRG 
42393 SS40079AE REAL TRG 
42693 SS40080AE REAL TRG 
42993 SS40056AE REAL TRG 
43193 SS40084AE REAL TRG 
43293 SS4ooo6AEREAL TRG 
43493 SS40086AE REAL TRG 
43593 SS40061AE REAL TRG 
43793 SS40088AE REAL TRG 
43893 SS4001OAE REAL TRG 
43993 sS40091AE REAL TRG 
44093 SS40090AE REAL TRG 
44193 SS40011AE REAL TRG 
44393 sS40005AE REAL TRG 
44593 sS40001AE REAL TRG 
44793 sS40055AE REAL TRG 
44893 SS40070AE REAL TRG 
45693 SS40094AE REAL DIL 
45793 sS40015AE REAL TRG 
46193 SS40096AE REAL DIL 

SS400193 SS40017AE REAL TRG 
SS400293 SS40018AE REAL TRG 
SS400393 SS40019AE REAL TRG 
SS400493 SS40020AE REAL TRG 
SS400593 SS40021AE REAL TRG 
SS400693 SS40022AE REAL TRG 
SS400793 SS40023AE REAL TRG 
SS400893 SS40024AE REAL TRG 
SS400993 SS40025AE REAL TRG 
SS401093 SS40026AE REAL TRG 
SS401193 SS40027AE REAL TRG 
SS401293 SS40028AE REAL TRG 
SS40 1393 SS40029AE REAL TRG 
SS401493 SS40030AE REAL TRG 
SS401593 SS40031AE REAL TRG 
SS401693 SS40032AE REAL TRG 
SS401793 SS40033AE REAL TRG 
SS401893 SS40034AE REAL TRG 
SS401993 SS40035AE REAL TRG 
SS402093 SS40036AE REAL TRG 
SS402193 SS40037AE REAL TRG 
SS402293 SS40016AE DUP SS40038AE TRG 
SS402293 SS40038AE REAL TRG 
SS402393 SS40039AE REAL TRG 
SS402493 SS40040AE REAL TRG 
SS402593 SS40041AE REAL TRG 
SS402693 SS40199AE REAL TRG 
SS402793 SS40043AE REAL TRG 
SS402893 SS40044AE REAL DIL 
SS402993 SS40045AE REAL TRG 
SS403093 SS40046AE REAL DIL 

- - 

* Codes are enplaned in Table I1 3 6-1 
58 wql 

Chextucal Result 
Detect 
L m t  unlts 

Lab 
Qual * Valid 

I1 3-168 

~~~ 

6 7  
153 
112 

1 3 3  
7 8  

13 6 
8 3  
5 1  

13 6 
103 
2 6  

5 99 
10 

2 7  
19 8 
1 6  
1 6  

83 3 
2 2  
4 6  
369 
19 5 
272 

1 
14 6 
6 24 
1 1 3  
1 1  9 
0 73 
2 9  

3 37 
1 92 
1 9  

2 33 
084 
250 
1 9  
4 1  

4 57 
141 
2 31 
0 66 
3 72 
744 

1 5  
1 8  

1 42 
2 86 
2 19 
3 67 
3 42 
21 5 
4 81 
464 

024 MGKG 
021 MGKG 
021 MGKG 
023 MGKG 
021 MGKG 
031 MGKG 
022 MGKG 
022 MGKG 
025 MGKG 
023 MGKG 
021 MGKG 
023 MGKG 
024 MGKG 
023 MGKG 
024 MGKG 
022 MGKG 
023 MGKG 
0 2  MGKG 

027 MGKG 
026 MGKG 

5 7  MGKG 
0 3  MGKG 

622 MGKG 
022 MGKG 
0 2 7  MGKG 
021 MGKG 
023 MGKG 
0 2  MGKG 

022 MGKG 
023 MGKG 
027 MGKG 
023 MGKG 
022 MGKG 
029 MGKG 
022 MGKG 
028 MGKG 
023 MGKG 
026 MGKG 
021 MGKG 
024 MGKG 
023 MGKG 
024 MGKG 
024 MGKG 
024 MGKG 
021 MGKG 
021 MGKG 
023 MGKG 
026 MGKG 
027 MGKG 
023 MGKG 
022 MGKG 
106 MGKG 
021 MGKG 
21 1 MGKG 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
v 
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TABLE II.3 2-4 

SURFICXAL SOIL 
NON-RADIOLOGICAL MORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Result Detect Lab 
Locatton SampleNo QCCode4Pmm Type C h a d  Result LmtUmts Qual *Valid* - - ----- 
SS403193 SS40047AE REAL DIL NITR.4- 
SS403293 SS40048AE REAL TRG "IRA- 
SS403393 SS40049AE REAL DIL NlTRAWNlTRlT 
SS403493 SS40050AE REAL TRG "RATENTRlT 
SS403593 SS40051AE REAL TRG NlTRAWNlTRlT 
SS403693 SS40052AE REAL TRG NlTRA- 

SS400193 SS40017AE REAL 
SS400293 SS40018AE REAL 
SS400393 SS40019AE REAL 
SS400493 SS40020AE REAL 
sS400593 SS4002lAE REAL 
SS400693 SS40022AE REAL 
SS400793 SS40023AE REAL 
SS400893 SS40024AE REAL 
SS400993 SS40025AE REAL 
SS401093 SS40026AE REAL. 
SS401193 SS40027AE REAL 
SS401293 SS40028AE REAL 
SS401393 SS40029AE REAL 
SS401493 SS40030AE REAL 
SS401593 SS40031AE REAL 
SS401693 SS40032AE REAL 
SS401793 SS40033AE REAL 
SS401893 SS40034AE REAL 
SS401993 SS40035AE REAL 
SS402093 SS40036AE REAL 
SS402193 SS40037AE REAL 
SS402293 SS40016AE DUP 
SS402293 SS40038AE REAL 
SS402393 SS40039AE REAL. 
SS402493 SS4004OAE REAL 
SS402593 SS40041AE REAL 
SS402693 SS40199AE REAL 
SS402793 SS40043AE REAL 
SS402893 SS40044A.E REAL. 
SS402993 SS40045AE REAL 
SS403093 SS40046AE REAL 
SS403193 SS40047AE REAL 
SS403293 SS40048AE REAL 
SS403393 SS40049AE REAL 
SS403493 SS40050AE REAL 
SS403593 SS40051AE REAL 
SS403693 SS40052AE REAL 

40093 SS40060AE REAL 
40193 SS40485AE REAL 
40293 SS40042AE REAL 
40393 SS40053AE REAL 
40593 SS40054AE REAL 
40693 SS40057AE REAL 
40793 SS40058AE REAL 
40893 SS40004AE REAL 
40993 SS40072AE REAL 
40993 SS40412AE DUP 

* Codes are explmned in Table I1 3 6-1 
58 wql 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40038AE TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS404 12AE TRG 
SS40072AE TRG 

SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 

I1 3-169 

765 
183 
429 
3 78 
4 78 

1 9  

1710 
2540 
6420 
1720 
3610 
4200 
1770 
3660 
2440 
1350 
3500 
1210 
2040 
1130 
1680 
1260 
3070 
1600 
1190 
3630 
2360 
1000 
866 

2060 
4480 
3730 
1630 
4030 
4100 
4910 

1 1300 
11300 
10100 
6120 
2530 
2210 
2370 
2340 
4570 
1190 
3550 
1240 
3880 
3430 
1860 
2890 
2870 

275 MGKG 
027 MGKG 
189 MGKG 
025 MGKG 
024 MGKG 
023 MGKG 

227 MGKG 
285 MGKG 
100 MGKG 
22 MGKG 

100 MGKG 
100 MGKG 

233 MGKG 
26 MGKG 
23 MGKG 

226 MGKG 
28 MGKG 

224 MGKG 
289 MGKG 
22 1 MGKG 
259 MGKG 

21 MGKG 
24 MGKG 
22 MGKG 

23 1 MGKG 
26 MGKG 
23 MGKG 

21 1 MGKG 
212 MGKG 

23 MGKG 
26 MGKG 
27 MGKG 
23 MGKG 

100 MGKG 
100 MGKG 
100 MGKG 
100 MGKG 
100 MGKG 
100 MGKG 
100 MGKG 
100 MGKG E 
100 MGKG E 
100 MGKG E 
27 MGKG 
28 MGKG 
28 MGKG N 
26 MGKG 
27MGKG N 

100 MGKG 
100 MGKG 

242 MGKG 
100 MGKG 
100 MGKG 

V 
V 
V 
V 
V 
V 

JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
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41193 SS40007AE REAL 
41293 SS40071AE REAL 
41693 SS4041OAEREAL 
41793 SS40069AE DUP 
41793 SS40077AE REAL 
41893 SS40003AEREAL 
41993 SS40009AEREAL 
42093 SS40013AE DUP 
42093 SS40480AE REAL 
42293 SS40078AE REAL 
42393 SS40079AE REAL 
42693 SS40080AE REAL 
42993 SS40056AE REAL 
43193 SS40084AE REAL 
43293 SS40006AEREAL 
43493 SS40086AE REAL 
43593 SS40061AE REAL 
43793 SS40088AE REAL 
43893 SS4001OAE REAL 
43993 SS40091AE REAL 
44093 SS4009OAEREAL 
44193 SS4001lAE REAL 
44393 sS40005AE REAL 
44593 sS40001AE REAL 
44793 SS40055AE REAL 
44893 SS40070AEREAL 
45693 SS40094AE REAL 
45793 sS40015AE REAL 
46193 SS40096AE REAL 

TRG 
TRG 
TRG 

SS40077AE TRG 
TRG 
TRG 
TRG 

SS40480AE TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 

SS400193 SS40017AE REAL 
SS400293 SS40018AE REAL 
SS400393 SS40019AE REAL 
SS400493 SS40020AE REAL 
SS400593 SS40021AE REAL 
SS400693 SS40022AE REAL 
SS400793 SS40023AE REAL 
SS400893 SS40024AE REAL 
SS400993 SS40025AE REAL 
SS401093 SS40026AE REAL 
SS401193 SS40027AE REAL 
SS401293 SS40028AE REAL 
SS401393 SS40029AE REAL 
SS401493 SS40030AE REAL 
SS401593 SS40031AE REAL 
SS401693 SS40032AE REAL 
SS401793 SS40033AE REAL 
SS401893 SS40034AE REAL 
SS401993 SS40035AE REAL 
SS402093 SS40036AE REAL 
SS402 193 SS40037AE REAL 
SS402293 SS40016A.E DUP 
SS402293 SS40038A.E REAL 
SS402393 SS40039AE REAL 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40038AE TRG 
TRG 
TRG 

SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 

* Coda are explained in Table I1 3 61 
58 wql I1 3-170 

TABLE IL3 2-4 

m c L U  SOIL 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Result Detect Lab 
Laahon SampleNo QCCrxWPartner Type C h a d  Result L m t  Umts Qual *Valid* - - ----- 

4530 
3320 
2020 
4070 
4300 
1110 
1550 
659 
573 

10400 
808 

3920 
595 

3 160 
2600 
8430 
463 

1280 
2610 
1970 
4400 
1370 
738 

1460 
1830 
1690 
9430 
1280 
4230 

2 3  
2 8  
1 1  
2 2  
1 6  
1 1  
2 3  
2 6  
2 3  
2 3  
2 8  
2 2  
2 9  
2 2  
2 6  
2 1  
2 4  
2 2  
2 3  
2 6  
2 3  
2 1  
2 1  
2 3  

36 MGKG 
100 MGKG 
27MGKG E 
23 MGKG 
23 MGKG 
24MGKG N 
24 MGKG 
21 MGKG 
21 MGKG 

100 MGKG 
21 MGKG N 
31 MGKG 
23MGKG N 
22 MGKG 
25 MGKG 

100 MGKG 
21 MGKG N 
23 MGKG E 
24 MGKG 
23 MGKG 
24 MGKG 

226 MGKG 
23 MGKG N 
22 MGKG 
28 MGKG 
29 MGKG 

100 MGKG 
100 MGKG 
100MGKG * 

2 3  MGKG UN 
2 8  MGKG UN 

5 MGKG UN 
2MGKG UN 
5 MGKG BN 
5MGKG UN 

2 3  MGKG UN 
3MGKG UN 
2MGKG UN 

2 3  MGKG UN 
3MGKG UN 

2 2  MGKG UN 
2 9  MGKG UN 
2 2  MGKG UN 
2 6  MGKG UN 

2 MGKG UN 
2MGKG UN 
2MGKG UN 

2 3  MGKG UN 
3 MGKG UN 
2 MGKG UN 

2 1  MGKG UN 
2 1 MGKG UN 

2MGKG UN 

JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
SA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 

JA 
JA 
V 
JA 
JA 
V 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
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TABLE IL3 2-4 

SURFICIAL SOIL 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Result Detect Lab 
Locat~cm SampleNo QCCode/partner Type Chermcal Result LmtUmts Qual *Valid* - - ----- 
SS402493 SS4004OAE REAL TRG 
SS402593 SS40041AE REAL TRG 
SS402693 SS40199AE REAL TRG 
SS402793 SS40043AE REAL TRG 
SS402893 SS40044AE REAL TRG 
SS402993 SS40045AE REAL TRG 
SS403093 SS40046AE REAL TRG 
SS403193 SS40047AE REAL TRG 
SS403293 SS40048AE REAL TRG 
SS403393 SS40049AE REAL TRG 
SS403493 SS4005OAE REAL TRG 
SS403593 SS4005lAE REAL TRG 
SS403693 SS40052AE REAL TRG 

40093 SS40060AE REAL TRG 
40193 SS40485AE REAL TRG 
40293 SS40042AEREAL TRG 
40393 SS40053AE REAL TRG 
40593 SS40054AE REAL TRG 
40693 sS40057AEREAL TRG 
40793 SS40058AE REAL TRG 
40893 SS40004AE REAL TRG 
40993 SS40072AE REAL SS40412AE TRG 
40993 SS40412AE DUP SS40072AE TRG 
4 1 1 93 SS40007AE REAL TRG 
41293 SS40071AE REAL TRG 
41693 SS4041OAE REAL TRG 
41793 Ss40069AE DUP SS40077AE TRG 
4 1793 SS40077AE REAL TRG 
41893 SS40003AE REAL TRG 
41993 SS40009AE REAL TRG 
42093 SS40013AE DUP SS40480AE TRG 
42093 SS40480AE REAL TRG 
42293 SS40078AEREAL TRG 
42393 SS40079AE REAL TRG 
42693 SS40080AE REAL TRG 
42993 SS40056AE REAL TRG 
43193 SS40084AE REAL TRG 
43293 SS40006AE REAL TRG 
43493 SS40086A.E REAL TRG 
43593 sS40061AEREAL TRG 
43793 SS40088AE REAL TRG 
43893 SS4001OAE REAL TRG 
43993 SS40091AE REAL TRG 
44093 SS4009OAEREAL TRG 
44193 SS40011AE REAL TRG 
44393 sS40005AE REAL TRG 
44593 sS40001AE REAL TRG 
44793 sS40055AE REAL TRG 
44893 SS40070AE REAL TRG 
45693 SS40094AE REAL TRG 
45793 SS40015AE REAL TRG 
46193 SS40096AEREAL TRG 

SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 

SS400193 SS40017AE REAL TRG SODIUM 

* Codes are explaned in Table 11 3 6-1 
58 wql 11 3-171 

2 6  
2 7  
2 3  
1 3  
2 6  
1 1  
2 5  
1 3  
1 5  
1 4  
2 4  
2 3  
2 4  
2 7  
2 8  
2 8  
2 6  
2 7  
3 7  
3 4  
2 4  
3 6  
2 4  
3 6  

3 
2 7  
2 3  
2 3  
2 4  
2 4  
2 1  
2 1  
2 4  
2 1  
3 1  
2 3  
2 2  
2 5  
2 3  
2 1  
2 3  
2 4  
2 3  
2 4  
2 3  
2 3  
2 2  
2 8  
2 9  
2 9  
2 8  
2 5  

227 

3 M G K G  UN 
3 MGKG UN 
2 M G K G  UN 
5 M G K G  BN 
5 M G K G  N 
5 MGKG UN 
5 M G K G  UN 
5 M G K G  UN 
5 MGKG UN 
5 M G K G  UN 

10MGKG U 
IOMGKG U 
IOMGKG U 
3 M G K G  UN 
3 M G K G  UN 
3 MGKG UN 
3 M G K G  UN 
3 M G K G  UN 

IOMGKG UN 
lOMGKG UN 

2 4  MGKG UN 
10 MGKG N 
IOMGKG UN 
4 M G K G  UN 

IOMGKG UN 
3 MGKG UN 
2 M G K G  UN 
2 M G K G  UN 
2 M G K G  UN 
2 M G K G  UN 
2 M G K G  UN 
2 M G K G  UN 

IOMGKG UN 
2 M G K G  UN 
3 M G K G  UN 
2 M G K G  UN 
2 M G K G  UN 
3MGKG UN 

10MGKG UN 
2 M G K G  UN 
2 M G K G  UN 
2 M G K G  UN 
2 M G K G  UN 
2 M G K G  UN 

2 3  MGKG UN 
2MGKG UN 

2 2  MGKG N 
3 MGKG UN 
3 MGKG UN 

IOMGKG UN 
IOMGKG UN 
10MGKG UN 

22699 MGKG U 

JA 
JA 
JA 
JA 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
JA 
JA 
JA 
JA 
V 
V 
JA 
V 
V 
JA 
V 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
V 

V 
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TAB= IL3 2-4 

SuRFICw, SOIL 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Result Detect Lab 
Locatm SampleNo QCCode/Partner Type Chemcal Result LlrmtUmts Qual *Valid* 

SS400293 SS40018AE REAL 
SS400393 SS40019AE REAL 
SS400493 SS40020AE REAL 
sS400593 sS40021AE REAL 
SS400693 SS40022A.E REAL 
SS400793 SS40023AE REAL 
SS400893 SS40024AE REAL 
SS400993 SS40025AE REAL 
SS401093 SS40026AE REAL 
SS401193 SS40027AE REAL 
SS401293 SS40028AE REAL 
SS401393 SS40029AE REAL 
SS401493 SS40030AE REAL 
SS401593 SS4003IAE REAL 
SS401693 SS40032AE REAL 
SS401793 SS40033AE REAL 
SS401893 SS40034AE REAL 
SS401993 SS40035AE REAL 
SS402093 SS40036AE REAL 
SS402193 SS40037AE REAL 
SS402293 SS40016AE DUP 
SS402293 SS40038AE REAL 
SS402393 SS40039AE REAL 
SS402493 SS4004OAE REAL 
SS402593 SS40041AE REAL 
SUO2693 SS40199AE REAL 
SS402793 SS40043AE REAL 
Sa02893 SS40044AE REAL 
SS402993 SS40045AE REAL 
SS403093 SS40046AE REAL 
SS403 193 SS40047AE REAL 
SS403293 SS40048AE REAL 
SS403393 SS40049AE REAL 
SS403493 SS4005OAE REAL 
SS403593 SS40051AE REAL 
SS403693 SS40052AE REAL 

40093 SS40060AE REAL 
401 93 SS40485AE REAL 
40293 SS40042AEREAL 
40393 SS40053AE REAL 
40593 SS40054AE REAL 
40693 SS40057AE REAL 
40793 SS40058AE REAL 
40893 SS40004AE REAL 
40993 SS40072AE REAL 
40993 SS40412AE DUP 
41 193 SS40007AE REAL 
41293 SS40071AE REAL 
41693 SS40410AE REAL 
41793 SS40069AE DUP 
41793 SS40077AE REAL 
41 893 SS40003AE REAL 
41 993 SS40009AE REAL 
42093 SS40013AEDUP 

* Codes are explaned in Table 11 3 & I  
58 wql 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40038AE TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40412AE TRG 
SS40072AE TRG 

TRG 
TRG 
TRG 

SS40077AE TRG 
TRG 
TRG 
TRG 

SS40480AE TRG 

SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 

I1 3-172 

285 
213 
220 
204 
214 
233 
26 1 
233 
226 
282 
224 
90 1 
22 1 
259 
212 
236 
220 
23 1 
257 
23 1 
21 1 
212 
23 1 
260 
268 
227 
212 
390 
212 

1620 
2440 
310 

1270 
240 
227 
245 
274 
284 
283 
259 
267 

1150 
340 
242 
230 
240 
360 
300 
84 1 
229 
228 
244 
238 
339 

28486MGKG U V 
IOOOMGKG U V 
1099 MGKG U V 
IOOOMGKG U V 
IOOOMGKG U V 

23253 MGKG U V 
1305 MGKG U V 
1163 MGKG U V 

22637 MGKG U V 
1408 MGKG U V 

2240 1 MGKG U V 
28906 MGKG B V 
22077 MGKG U V 
25873 MGKG U V 

1062 MGKG U V 
1178 MGKG U V 
1101 MGKG U V 

23148 MGKG U V 
1284MGKG U V 
1153 MGKG U V 

21126 MGKG U V 
21209 MGKG U V 

1157 MGKG U V 
1300 MGKG U V 
1342 MGKG U V 
1135 MGKG U V 
1000 MGKG U V 
1000MGKG B V 
1000 MGKG U V 
1000 MGKG B V 
1000 MGKG V 
1000MGKG U V 
1OOOMGKG B V 
1000 MGKG U V 
1000 MGKG U V 
1000 MGKG U V 
1372 MGKG U V 
1422MGKG U V 
2829 MGKG U V 
1295 MGKG U V 
2670 MGKG U V 
1000 MGKG B V 
1000 MGKG U V 

24155 MGKG U V 
1000 MGKG U V 
1000 MGKG U V 
1802 MGKG U V 
1000 MGKG U V 
1337 MGKG B V 
1145 MGKG U V 
1138 MGKG U V 
2436 MGKG U V 
1192 MGKG U V 
1028 MGKG B V 
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TABLE IL3 2-4 

l e SURFICIAL SOIL 
NON-RADIOLOGICAL INORGANIC POTENTIAL C 0 " T S  OF CONCERN 

Result Detect Lab 
Locahon SampleNo QCCode/parcner Type Chermcal Result L m t  Umts Qual * Valid * 

42093 SS4048OAEREAL 
42293 SS40078AE REAL 
42393 SS40079AE REAL 
42693 SS40080AE REAL 
42993 SS40056AE REAL 
43193 SS40084AE REAL 
43293 SS40006AE REAL 
43493 SS40086AE REAL 
43593 SS40061AE REAL. 
43793 SS40088AE REAL 
43893 SS4001OAE REAL 
43993 SS40091AE REAL 
44093 SS40090AE REAL 
44193 SS40011AE REAL 
44393 SS40005AE REAL 
44593 sS40001AE REAL 
44793 SS40055AE REAL 
44893 SS40070AE REAL 
45693 SS40094AE REAL 
45793 SS40015AE REAL 
46193 SS40096AE REAL 

* Codes are explained in Table I1 3 6-1 
sa wql 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 

11 3-173 

378 
240 
214 
310 
381 
220 
25 1 
230 
639 
233 
236 
226 
238 
225 
229 
220 
28 1 
290 

1490 
280 

1300 

1030 MGKG B 
1OOOMGKG U 
2141 MGKG U 
1550 MGKG U 
2281 MGKG B 
1101 MGKG U 
1255 MGKG U 
1OOOMGKG U 
2101 MGKG B 
1167 MGKG U 
1182 MGKG U 
1130 MGKG U 
1192 MGKG U 

22553 MGKG U 
2294 MGKG U 

2199 5 MGKG U 
1404MGKG U 
1449MGKG U 
lo00 MGKG 
1000 MGKG U 
1000 MGKG 

V 
JA 
V 
V 
V 
V 
V 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
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TABLE IL33-5 

SURFICIALSOIL 
RADIOu)(=ICAL POTENTIAL CONTAMINANTS OF CONCERN 

RcsUlt 

SS400 193 
SS400293 
55400393 
ss400493 
ss400593 
ss400693 
ss400793 
ss400893 
SS400993 
SS401093 
SS401193 
SS401293 
SS401393 
SS401493 
SS401593 
SS401693 
SUO 1 793 
SS40 1893 
SS401993 
SS402093 
SS402193 
SS402293 
SS402293 
SS402393 
SS402493 
SS402593 
SS402693 
SS402793 
SS402893 
SS402993 

I SS403093 

SS40017AE REAL TRG 
SS40018AE REAL TRG 
SS40019AE REAL TRG 
ss40020AE REAL TRG 
ss40021AE REAL TRG 
ss40022AE REAL TRG 
SS40023AE REAL TRG 
Ss40024AE REAL TRO 
SS40025AE REAL TRG 
SS40026AE REAL TRG 
SS40027AE REAL TRG 
SS40028AE REAL TRG 
SS40029AE REAL TRG 
SS40030AE REAL TRG 
SS40031AE REAL TRG 
SS40032AE REAL TRG 
ss40033AE REAL TRG 
SS40034AE REAL TRG 
SS40035AE REAL TRG 
SS40036AE REAL TRG 
SS40037AE REAL TRG 
SS40038AE REAL TRG 
SS40016AE DUP SS40038A TRG 
ss40039AE REAL TRG 
ss40040AE REAL TRG 
SS40041AE REAL TRG 
SS40199AE REAL TRG 
SS40043AE REAL TRG 
ss40044AE REAL TRG 
SS40045AE REAL TRG 
ss40046AE REAL TRG 

SS403193 SS40047AE REAL TRG 
SS403293 SS40048AE REAL TRG 
SS403393 SS40049AE REAL TRG 
SS403493 SS40050AE REAL TRG 
SS403593 SS40051AE REAL TRG 
SS403693 SS40052AE REAL TRG 

40093 SS40060AE REAL TRG 
40193 SS40485AE REAL TRG 
40293 SS40042AE REAL TRG 
40393 SS40053AE REAL TRG 
40593 SS40054AE REAL TRG 
40693 SS40057AE REAL TRG 
40793 SS40058AE REAL TRG 
40893 SS40004AE REAL TRG 
40993 SS40072AE REAL SS40412A TRG 
40993 SS40412AE DUP SS40072A TRG 
41193 SS40007AE REAL TRG 
41293 SS40071AE REAL TRG 
41693 SS40410AE REAL TRG 
41793 SS40077AE REAL TRG 
41793 SS40069AE DUP SS40077A TRG 
41893 SS40003AE REAL TRG 
41993 SS40009AE REAL TRG 
42093 SS40480AE REAL TRG 
42293 SS40078AE REAL TRG 
42393 SS40079AE REAL TRG 
42693 SS40080AE REAL TRG 
42993 SS40056AE REAL TRG 
43193 SS40084AE REAL TRG 
43293 SS40006AE REAL TRG 
43493 SS40086AE REAL TRG 
43593 ss40061AE REAL. TRG 
43793 SS40088AE REAL TRG 
43893 SS4001OAE REAL TRG 

Coderexplwned m T.Me I1 3 6-1 
59 v q l  

AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICKJM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM041 
AMERICIUM-241 
AMERICIUM-241 
AMERIClUh4-241 
AMERICIUM-241 
AMERICIUM-24 1 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 

04795 00642 PCVG 
2783 0295 PCYG 

27 2 3  PCYG 
07054 00879 PCYG 

92 6 9  PCYG 
55 4 1  PCUG 

1147 0129 PCYG 
0 1974 0 0329 PCVG 
20 18 2 19 PCYG 
1035 0121 PCYG 

00333 00111 PCVG 
00584 00161 PCYG 
0 2156 0 036 PCYG 

1238 0143 PCYG 
09783 0 118 PCVG 
2132 0231 PCYG 

0 1631 0 0284 PCYG 
1643 1 8  PCYG 
7045 0725 PCUG 
0 126 00252 PCYG 
2 105 0235 PCYG 
0054 00188 PCYG 
007  0023 PCYG 

1381 0154 PCUG 
00522 00141 PCYG 
00363 00127 PCYG 
03602 00586 PCUG 

220 54 PCYG 
130 7 5  PCYG 
3 2  044PCUG 
7 5  087  PCYG 

045 0076 PCYG 
093 015 PCYG 
0 2  0046PCUG 

0046 0022 PCUG 
0046 0022 PCYG 
025 0058 PCVG 

0035 00167 PCVG 
00519 00213 PCVG 
0028 0016 PCYG 
0081 0026 PCYG 
004 0016 PCUG 
058 0 1  PCYG 
2 1  024 PCYG 
1 5  023 PCYG 
2 5  036 PCVG 
2 5  033 PCYG 
4 5  0 7  PCVG 

2 044PCYG 
12 2 7  PCUG 

8962 0903 PCYG 
1079 108 PCYG 
113 025 PCYG 
043 0042 PCVG 
046 0044PCVG 

00585 0015 PCVG 
023 0046 PCVG 
034 0054 PCYG 
056 006 PCVG 

6 879 0 681 PCYG 
4 4  066 PCYG 

00856 00199 PCYG 
0098 003 PCYG 

110 18 PCYG 
1 7  034 PCYG 

I1 3 174 

I 

B 

A 

A 
A 

A 
A 

A 

A 

A 
A 
A 
A 

A 
A 
A 

A 
A 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
A 
A 
R 
V 
A 
V 
V 
V 
V 
V 
R 
V 
V 
V 
A 
V 

0 0026 
0 0025 

0 6  
0 0026 

0 5  
1 

0 0023 
0 004 
0 008 
0 007 

0 
0 0026 
0 0026 
0 0027 
0 0077 
0 0043 

0 003 
0 0039 
0 0071 
0 002 
0 005 

0 
0 

0 0025 
0 
0 
0 

2 1  
0 8  
0 3  

0 005 
0 005 
0 014 
0 008 
0 003 
0 003 
0 012 

0 
0 

0 012 
0 008 
0 004 
0 022 
0 024 
0 03 

0 054 
0 026 
0 027 
0 008 
0 05 

0 0024 
0 0081 

0 
0 01 
0 01 

0 0042 
0 005 
0 006 
0 02 

0 0039 
0 027 

0 0025 
0 008 
0 052 
0 047 
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TABLE IU3-5 

SURFICIAL SOIL 
RADIOLOGICAL POTENTLAL CONTAMINANTS OF CONCERN 

Result Detect 
Location SampleNo QCcode/psltna Type C b d  Reault Error Umts Qual * Valid* h t  

44093 SS40090AE REAL 
44193 SS40011AE REAL 
44393 ss40005AE REAL 
44593 SS4OOolAE REAL 
44793 ss40055AE REAL 
44893 Ss40070AE REAL 
45693 SS40094AE REAL 
45793 SS40015AE REAL 
46193 SS40096AE REAL 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS400393 SS40019AE REAL TRG 
SS400593 SS40021AE REAL TRG 
SS400693 SS40022AE REAL TRG 
SS400893 SS40024AE REAL TRG 
SS400993 SS40025AE REAL TRG 
SS401193 SS40027AE REAL TRG 
SS401793 SS40033AE REAL TRG 
SS402093 SS40036AE REAL TRG 
SS402193 SS40037AE REAL TRG 
SS402493 SS40040AE REAL TRG 
83402593 SS40041AE REAL TRG 
SS402693 SS40199AE REAL TRG 
SS402793 SS40043AE REAL TRG 
SS402893 SS40044AE REAL TRG 
SS402993 SS40045AE REAL TRG 
SS403093 SS40046AE REAL TRG 
SS403193 SS40047AE REAL TRG 
SS403293 SS40048AE REAL TRG 

SS403493 SS40050AE REAL TRG 
SS403593 SS40051AE REAL TRG 
SS403693 SS40052AE REAL TRG 

40093 SS4006OAE REAL TRG 
40193 SS40485AE REAL TRG 
40293 SS40042AE REAL TRG 
40393 SS40053AE REAL TRG 
40593 SS40054AE REAL TRG 
40693 SS40057AE REAL TRG 
40793 SS40058AE REAL TRG 
40893 SS40004AE REAL TRG 
40993 SS40072AE REAL SS40412 TRG 
40993 SS40412AE DUP SS40072A TRG 
41193 SS40007AE REAL TRG 
41293 SS40071AE REAL TRG 
41693 SS40410AE REAL TRG 
41793 SS40077AE REAL TRG 
41793 SS40069AE DUP SS40077A TRG 
41893 SS40003AE REAL TRG 
41993 SS40009AE REAL TRG 
42093 SS40480AE REAL TRG 
42293 SS40078AE REAL TRG 
42393 SS40079AE REAL TRG 
42693 SS4008OAE REAL TRG 
42993 SS40056AE REAL TRG 
43193 SS40084AE REAL TRG 
43293 SS40006AE REAL TRG 
43493 SS40086AE REAL TRG 
43593 SS40061AE REAL TRG 
43793 SS40088AE REAL TRG 
43893 SS4001OAE REAL TRG 
44093 SS40090AE REAL TRG 
44193 SS40011AE REAL TRG 
44393 SS40005AE REAL TRG 
44593 SS40001AE REAL TRG 
44793 SS40055AE REAL TRG 

a ss403393 ss401)49AE REAL TRG 

e 

AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 

CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM- 134 
CESIUM-134 
CESIUM-134 
CESIUM- 134 
CESIUM- 134 
CESIUM-134 
CESIUM- 134 
CESIUM-134 
CESIUM-134 
CESIUM- 134 
CESIUM- 134 
CESIUM- 134 
CESIUM-134 
CESIUM- 134 
CESIUM- 134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CES IUM- 134 
CESIUM-134 
CESIUM- 134 
CESIUM- 134 
CESIUM- 134 
CESIUM- 134 
CESIUM-134 
CESIUM-134 
CESIUM- 134 
CESIUM- 134 
CESIUM-134 
CESIUM-1 34 
CESIUM-134 
CESIUM-134 
CESIUM- 134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-1 34 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM- 134 
CESIUM- 134 
CESIUM-134 

0 97 
0 16 

0 408 
0 52 

0 2255 
0 0457 

0 16 
1 5  

0 58 

0 
0 
0 

-0 0083 
0 0333 
-0 032 
0 0081 
0 0218 

-0 0669 
-0 0016 
-0 0346 

-0 01 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 088 
0 079 

0 
0 
0 
0 
0 
0 
0 
0 

0 006 
0 012 
0 005 

-0 0442 
-0 0348 

0 068 
0 
0 

-0 0109 
0 003 
0 006 

0 
-0 239 

0 
0 0067 

0 
0 007 
0 002 

0 
0 

0 085 
0 

0 0281 

023  PCYG 
0022 PCYG 
0101 PCVG 
0053 PCYG 
0037 PCYG 

00211 PCYG 
0036 PCYG 
032 PCYG 

0098 PCYG 

PCYG 
PCYG 
PCYG 

00294 PCYG 
00262 PCYG 
00289 PCYG 
00264 PCYG 
00289 PCYG 
00319 PCUG 
00332 PCYG 
00248 PCYG 

PCYG 
PCUG 
PCYG 
PCYG 
PCYG 
PCYG 
PCYG 
PCYG 
PCYG 
PCVG 
PCUG 
PCYG 
PCYG 
PCUG 
PCYG 
PCYG 
PCYG 
PCYG 
PCYG 
PCUG 

0205 PCYG 
0 185 PCYG 
0074 PCYG 

00334 PCYG 
00464 PCYG 

PCYG 
PCVG 
PCYG 

00291 PCYG 
0 091 PCYG 
0 166 PCYG 

PCYG 
00495 PCVG 

PCI/G 
00256 PCVG 

PCVG 
0076 PCVG 
007 PCYG 

PCVG 
PCVG 
PCVG 
PCYG 

00284 PCYG 

00298 PCYG 

J 
J 
J 
J 
J 
J 
J 
J 
J 

U 
U 

J 
J 
U 

J 

J 

J 

U 

J 

V 
V 
V 
V 
A 
V 
A 
V 
A 

z 
Z 
Z 
z 
Z 

Z 
z 
V 
V 
V 
A 
A 

Z 
V 
V 

A 
z 
Z 
Z 
V 
V 
Z 

0 059 
0 01 
0 01 
0 01 

0 004 
0 

0 007 
0 06 

0 007 

0 2  
0 2  
0 2  

0 0488 
0 0486 
0 0457 
0 0447 
0 0518 
0 0476 
0 0545 
0 0379 
0 0482 
0 075 
02 
0 1  

0 11 
0 074 
0 075 
0 079 
0 073 
0 076 
0 074 

0 
0 

0 079 
0 11 
0 12 
0 14 
0 14 
0 3  

0 15 
0 15 
0 11 
0 24 

0 099 
0 0526 
0 0766 

0 
0 2  

0 08 
0 0463 

0 12 
0 14 

0 1  
0 0549 

0 1  
0 0436 
0 075 
0 091 
0 11 

0 077 
0 2  

0 
0 2  

0 0437 

CoQs cxplalncd m Table 11 3 6- I '" 59 wql II 3 175 FebunrylO 1995 



TABLE IL3.2-5 

SURFICIAL SOIL 
RAJM0IA)GICAL POTENTIAL CONTAMINANTS OF CONCERN 

Resun 
Locatron SunpleNo QCCodeiPartncr Type Chumcal Resun ~ m n u a  - II-- 

a 
44893 SS40070AE REAL TRG CESIUM-134 0 076 PCYG 
45693 SS40094AE REAL TRG CESIUM-134 0 PCYG 
45793 SS40015AE REAL TRG CESIUM-134 0 PCYG 
46193 SS40096AE REAL TRG CESIUM-134 0 PCYG 

SS400193 SS40017AE REAL TRG 
SS400293 SS40018AE REAL TRG 
SS400393 SS40019AE REAL TRG 
ss400493 ss40020AE REAL TRG 
SS400593 SS40021AE REAL TRG 
ss400693 ss40022AE REAL TRG 
SS400793 SS40023AE REAL TRG 
SS400893 SS40024AE REAL TRG 
SS400993 SS40025AE REAL TRG 
SS401093 SS40026AE REAL TRG 
SS401193 SS40027AE REAL TRG 
SS401293 SS40028AE REAL TRG 
SS401393 SS40029AE REAL TRG 
SS401493 SS40030AE REAL TRG 
SS401593 SS40031AE REAL TRG 
SS401693 SS40032AE REAL TRG 
SS401793 SS40033AE REAL TRG 
SS401893 SS40034AE REAL TRG 
SS401993 SS40035AE REAL TRG 
SS402093 SS40036AE REAL TRG 
SS402193 SS40037AE REAL TRG 
SS402293 SS40038AE REAL TRG 
SS402293 SS40016AE DUP SS40038A TRG 

SS402493 SS40040AE REAL TRG 
SS402593 SS40041AE REAL TRG 
SS402693 SS40199AE REAL TRG 
SS402793 SS40043AE REAL TRG 
98402893 SS40044AE REAL TRG 
SS402993 SS40045AE REAL TRG 
SS403093 SS40046AE REAL TRG 
SS403193 SS40047AE REAL TRG 
SS403293 SS40048AE REAL TRG 
SS403393 SS40049AE REAL TRG 
SS403493 SS40050AE REAL TRG 
SS403593 SS40051AE REAL TRG 
SS403693 SS40052AE REAL TRG 

40093 SS40060AE REAL TRG 
40193 SS40485A.E REAL TRG 
40293 SS40042AE REAL TRG 
40393 SS40053AE REAL TRG 
40593 SS40054AE REAL TRG 
40693 SS40057AE REAL TRG 
40793 SS40058AE REAL TRG 
40893 SS40004AE REAL TRG 
40993 SS40072AE REAL SS40412ATRG 
40993 SS40412AE DLJF' SS40072A TRG 
41193 SS40007AE REAL TRG 
41293 SS40071AE REAL TRG 
41693 SS40410AE REAL TRG 
41793 SS40077AE REAL TRG 
41793 SS40069AE DUP SS40077A TRG 
41893 SS40003AE REAL TRG 
41993 SS40009AE REAL TRG 
42093 SS40480AE REAL TRG 
42293 SS40078AE REAL TRG 
42393 SS40079AE REAL TRG 
42693 SS40080AE REAL TRG 
42993 SS40056AE REAL TRG 
43193 SS40084AE REAL TRG 

0 SS402393 SS40039AE REAL TRG 

I 

e 
* Codes explaned m Table II 3 6-1 
59 wql 

GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS AWHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 

113 176 

10 24 
19 98 

94 
12 81 

1 70 
54 

17 6 
15 

43 41 
17 49 
12 08 
11 68 
16 9 

24 44 
14 72 

11  9 
10 74 
49 57 
29 83 
16 94 
24 26 

15 4 
16 8 

26 28 
14 

17 48 
28 42 

440 
200 

59 
250 

46 
34 
32 
36 
26 
28 

13 8 
11 9 

17 
21 
28 
24 
36 
1 1  
43 
40 
47 
27 
65 

36 07 
36 31 

22 7 
1 1  

9 7  
9 143 

29 
31 
14 

14 25 

3 4 5  PCYG 
493 PCYG 

6 3  PCYG 
3 9 9  PCYG 

17 PCYG 
9 7  PCYG 

4 5 2  PCUG 
428 PCYG 
7 9 6  PCYG 
4 5 6  PCVG 
3 7  PCYG 

3 8 2  PCYG 
453 PCYG 
5 5 5  PCYG 
412 PCYG 
3 7 8  PCYG 
348 PCVG 
865 PCYG 
6 1 9  PCYG 
4 5 6  PCYG 

5 5  PCYG 
4 7  PCYG 

5 PCYG 
5 8  PCUG 

413 PCYG 
4 5 6  PCYG 
6 0 5  PCYG 

14 PCYG 
11 PCYG 

6 3  PCYG 
1 1  PCYG 

5 PCUG 
4 2  PCYG 

4 PCUG 
4 6  PCUG 
3 9  PCUG 
4 2  PCUG 
4 4  PCUG 
4 1  PCUG 
3 5  PCUG 
3 8  PCYG 
4 1  PCYG 
3 7  PCVG 
4 3  PCUG 
3 2  PCYG 
4 9  PCYG 
4 4  PCYG 
5 3  PCYG 
4 4  PCYG 

6 PCYG 
6 9 9  PCVG 
7 0 7  PCYG 

6 2  PCYG 
2 6  PCYG 
4 1  PCYG 
3 3  PCYG 
4 2  PCllG 
4 4  PCYG 
3 6  PCYG 

4 1 2  PCVG 

Detect 
Qual * Valid* Lamt 

U 0 
2 0 1  
2 0 075 
z 0 099 

2 5456 
2 6939 

R 2 
3 1669 

R 4 
R 5 

2 1874 
V 2 9  
V 2 83 

2 5456 
V 2 

3 1669 
2 8434 
2 7703 
2 3753 
2 8411 

V 2 
2 5404 
2 1883 

V 2 83 
V 2 31 
A 3 1  
A 3 2  

2 7737 
V 2 83 
V 2 31 
V 2 4  

3 6  
R 3 
R 4 

1 9  
2 
2 

2 8  
2 8  
2 6  
3 5  

A 3 3  
A 3 4  
A 3 
A 3 
A 2 1  
A 2 4  
A 2 
V 3 
A 2 2  
A 1 7  
A 2 9  
A 3 9  
A 2 8  
Y 2 2839 
Y 2 6982 
A 3 6  
V 2 
V 4 
A 2 6971 
A 2 7  
A 2 9  
V 4 
Y 2 7692 



TABLE IL33-5 

I S U R F I ~ S O I L  
RADIOLOGICAL POTENTIAL CONTAMINANTS OF CONCERN 

Result Detea 
J-ocat~on SampleNo Qccodalpartna Type Chmucrl Reault Error Umts Qual * Valid* Luna 

43293 Ss4ooo6AE REAL TRG GROSSALPHA 52 5 4  PCYG A 2 8  
43493 SS40086AE REAL TRG GROSSALPHA 8 561 3 27 PCYG A 2 9787 
43593 ss40061AE REAL TRG GROSSALPHA 28 4 3  PCYG A 3 2  
43793 SS40088AE REAL TRG GROSSALPHA 260 1 1  PCUG A 2 1  
43893 SS4001OAE REAL TRG GROSSALPHA 110 7 8  PCYG A 3 9  
43993 ss40091AE REAL TRG GROSSALPHA 32 5 1  PCYG A 4 9  
44093 ss4009oAE REAL TRG GROSSALPHA 20 3 8  PCYG A 3 4  
44193 SS40011AE REAL TRG GROSSALPHA 15 5 PCYG V 4 
44393 ss40005AE REAL TRG GROSSALPHA 183 54PCUG A 3 9  
44593 ss40001AE REAL TRG GROSSALPHA 11 3 1  PCYG V 3 
44793 ss40055AE REAL TRG GROSSALPHA 1 4 4  4 0 4  PCYG V 1 88 
44893 SS40070AE REAL TRG GROSSALPHA 163 4 9  PCYG A 3 5  
45693 SS40094AE REAL TRG GROSSALPHA 17 3 1  PCYG R 2 4  
45793 SS40015AE REAL TRG GROSSALPHA 45 4 8  PCYG A 2 7  
46193 SS40096AE REAL TRG GROSSALPHA 43 4 8  PCYG R 2 1  

------ 
e 

SS400193 SS40017AE REAL TRG 
SS400293 SS40018AE REAL TRG 
SS400393 SS40019AE REAL TRG 
SS400493 SS40020AE REAL TRG 
SS400593 SS40021AE REAL TRG 
SS400693 SS40022AE REAL TRG 
SS400793 SS40023AE REAL TRG 
SS400893 SS40024AE REAL TRG 
SS400993 SS40025AE REAL TRG 
SS401093 SS40026AE REAL TRG 
SS401193 SS40027AE REAL TRG 
SS401293 SS40028AE REAL TRG 
SS401393 SS40029AE REAL TRG 
SS401493 SS40030AE REAL TRG 
SS401593 SS40031AE REAL TRG 
SS401693 SS40032AE REAL TRG 
SS401793 SS40033AE REAL TRG 
SS401893 SS40034AE REAL TRG 
SS401993 SS40035AE REAL TRG 
SS402093 SS40036AE REAL TRG 
SS402193 SS40037AE REAL TRG 
SS402293 SS40038AE REAL TRG 
SS402293 SS40016AE D W  SS40038A TRG 
SS402393 SS40039AE REAL TRG 
SS402493 SS40040AE REAL TRG 
SS402593 SS40041AE REAL TRG 
SS402693 SS40199AE REAL TRG 
SS402793 SS40043AE REAL TRG 
SS402893 SS40044AE REAL TRG 
SS402993 SS40045AE REAL TRG 
SS403093 SS40046AE REAL TRG 
SS403193 SS40047AE REAL TRG 
SS403293 SS40048AE REAL TRG 
SS403393 SS40049AE REAL TRG 
ss403493 ss40osoAE REAL TRG 
SS403593 SS40051AE REAL TRG 
SS403693 SS40052AE REAL TRG 

40093 SS40060AE REAL TRG 
40193 SS4048SAE REAL TRG 
40293 SS40042AE REAL TRG 
40393 SS40053AE REAL TRG 
40593 SS40054AE REAL TRG 
40693 SS40057AE REAL TRG 
40793 SS40058AE REAL TRG 
40893 SS40004AE REAL TRG 
40993 SS40072AE REAL SS40412A TRG 
40993 SS40412AE DUP SS40072A TRG 
41193 SS40007AE REAL TRG 

I 41293 SS40071AE REAL TRG 

a 

PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239R40 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUh4-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUMNIUM-239/240 
PLUTONIUM-239/240 
PLUTO"M-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONlUM-239/240 
PLUTONIUM-239/240 
PLUTONW-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIuM339/240 
PLUTONIUM-239C240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 

0 2337 
5 528 

15 
0 8244 

32 
28 

0 4302 
0 337 
10 05 
1 527 

0 0463 
0 016 

0 1907 
2 734 
3 077 
1 864 
0 264 
7 448 
2 83 

0 3909 
9 219 

0 0101 
0 017 
5 329 

0 1225 
0 0267 

1 4 4 6  
56 
76 

0 96 
19 

0 5  
2 1  

046 
0 12 
0 08 
0 16 

0 0129 
0 0788 
0 039 
0 089 
0 06 

1 
3 3  
1 2  
7 9  

7 
3 4  
19 

00505 PCYG 
OS82 PCVG 

2 6  PCYG 
0 107 PCYG 

3 3  PCVG 
3 6  PCVG 

00714 PCVG 
00584 PCUG 

1 1 1  PCYG 
0182 PCYG 

00182 PCYG 
000857 PCUG 

00349 PCVG 
0316 PCVG 
0332 PCYG 
0208 PCYG 

00447 PCYG 
0758 PCYG 
0302 PCYG 

00773 PCUG 
102 PCYG 

00108 PCYG 
0011 PCYG 
0563 PCYG 

00336 PCYG 
00134 PCYG J 

0177 PCYG 
10 PCYG 

7 1  PCYG 
0 4 5  PCYG 

3 2  PCVG 
0 0 6  PCUG 
0 2 2  PCYG 

0058 PCYG 
0022 PCYG 
0018 PCYG 
0026 PCVG 

00085 PCVG 
0 0351 PCYG 

0018 PCVG 
0046 PCVG 
0024 PCVG 
0 15 PCVG 
0 6 5  PCVG 

0081 PCVG 
1 5  PCUG 
1 3  PCVG 

0 5 7  PCYG 
0 5 2  PCVG 

* Codu explllncd UI Table I1 3 6-1 
59 wql II 3 in 

R 

R 
R 

A 
A 

A 

A 

A 
A 
A 
A 

A 
A 
A 

R 
R 

A 
A 
A 
A 
A 
V 
V 
R 
V 
V 
V 
A 

0 0055 
0 0124 

0 9  
0 0096 

0 3  
0 8  

0 0129 
0 008 

0 
0 0086 

0 
0 0062 
0 0052 
0 0089 
0 0079 
0 0033 

0 005 
0 0073 
0 0061 
0011 

0 
0 009 

0 
0 0036 

0 009 
0 004 
0 007 
0 03 

1 
0 6  

0 018 
0 001 
0 001 
0 003 
0 006 
0 006 
0 008 
0 005 

0 
0 002 
0 015 
0 003 
0 002 
0 027 
0 007 
0 005 
0 014 
0011 
0 037 

OU4 Ropoacd IMllRA EA Defum Dofcmun 
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TABLE U33-5 

41693 SS40410AE REAL TRG 
41793 SS40077AE REAL TRG 
41793 SS40069AE DUP SS40077A TRG 
41893 SS40003AE REAL TRG 
41993 SS4OOO9AE REAL TRG 
42093 SS40480AE REAL TRG 
42293 SS40078AE REAL TRG 
42393 SS40079AE REAL TRG 
42693 SS4008OAE REAL TRG 
42993 SS40056AE REAL TRG 
43193 SS40084AE REAL TRG 
43293 SS4OOO6AE REAL TRG 
43493 SS40086AE REAL TRG 
43593 SS40061AE REAL TRG 
43793 SS40088AE REAL TRG 
43893 ss4001oAE REAL TRG 
44093 ss4009oAE REAL TRG 
44193 SS40011AE REAL TRG 
44393 ss40005AE REAL TRG 
44593 ss40001AE REAL TRG 
44793 SS40055AE REAL TRG 
44893 SS40070AE REAL TRG 
45693 SS40094AE REAL TRG 
45793 SS40015AE REAL TRG 
46193 SS40096AE REAL TRG 

SS400193 SS40017AE REAL 
SS400293 SS40018AE REAL ' SS400393 SS40019AE REAL 
SS400493 SS40020AE REAL 
SS400593 SS40021AE REAL 
SS400693 SS40022AE REAL 
SS400793 SS40023AE REAL 
SS400893 SS40024AE REAL 
ss400993 ss40025AE REAL 
SS401093 SS40026AE REAL 
SS401193 SS40027AE REAL 
SS401293 SS40028AE REAL 
SS401393 SS40029AE REAL 
SS401493 SS40030AE REAL 
SS401593 SS40031AE REAL 
SS401693 SS40032AE REAL 
SS401793 SS40033AE REAL 
SS401893 SS40034AE REAL 
SS401993 SS40035AE REAL 
SS402093 SS40036AE REAL 
SS402193 SS40037AE REAL 
SS402293 SS40038AE REAL 
SS402293 SS40016AE DUP SS 
SS402393 SS40039AE REAL 
SS402493 SS40040AE REAL 
SS402593 SS40041AE REAL 
SS402693 SS40199AE REAL 
SS402793 SS40043AE REAL 
SS402893 SS40044AE REAL 
SS402993 SS40045AE REAL 
SS403093 SS40046AE REAL 
SS403193 SS40047AE REAL 
SS403293 SS40048AE REAL 
SS403393 SS40049AE REAL 

SS403593 SS4005IAE REAL 
SS403693 SS40052AE REAL 

40093 SS40060AE REAL 
40193 SS40485AE REAL 

ss403493 S S ~ O O ~ O A E  REAL 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

140038A TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTO"h4-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-u9/240 
PLUTONlUM-239/240 
PLUTONIUM-239/240 
PLUTONWhi-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONWM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
PLUTONWM-239/240 

4 9  
9 033 
13 03 
104 
1 2  

0 26 
0 3215 

0 43 
0 31 
0 9  

5 324 
4 2  

0 6421 
0 68 

17 
2 1  

0 39 
0 069 
0211 
0 28 

0 4437 
0 0266 

0 16 
4 9  
12 

TRITIUM 
TRITIUM 
TRITIUM 
TRITNM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRrrIuM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITluM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
m I U M  
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 

-59 5 
140 4 

94 
37 os 

130 
61 

-7 8 
134 5 
68 26 
22 43 
164 8 
74 12 
1254 

155 1 
48 76 
113 1 
146 3 
153 1 
10 73 
155 1 
54 57 

-58 
-156 
-26 3 
137 5 
56 56 
179 3 

34 
250 
76 

1600 
820 
550 
710 
940 
620 
490 

20100 
118OOO 

I1 3 178 

1 PCYG 
0899 PCYG 

134 PCVG 
027 PCYG 

0091 PCYG 
0027 PCYG 

00492 PCYG 
008 PCYG 
006 PCWG 

0072 PCYG 
0532 PCYG 
061 PCWG 

00792 PCWG 
012 PCYG 
3 7  PCWG 

029 PCVG 
0 17 PCVG 

0015 PCWG 
0063 PCWG 
0035 PCYG 

00779 PCYG 
00142 PCYG 

1 2  PCYG 
0046 PCYG B 

022 PCWG B 

215 PCWL J 
226 PCWL X 
130 PCWL U 
220 PCWL x 
160 PCWL U 
120 PCWL u 
218 PCWL J 
224 PCWL J 
221 PCWL J 
219 PCWL X 
226 PCWL J 
222 PCWL x 
289 PCUL X 
226 PCWL X 
221 PCWL x 
224 PCWL X 
225 PCWL J 
226 PCYL X 
219 PCIL X 
226 PCWL J 
220 PCWL J 
167 PCVL 
160 PCIL 
217 PCWL J 
225 PCWL J 
220 PCWL J 
227 PCIL J 
260 PCWL U 
140 PCWL J 
130 PCWL U 
300 PCWL 
260 PCVL 
240 PCWL 
250 PCVL 
300 PCVL 
290 PCWL 
280 PCWL 

2200 PCVL 
12000 PCWL 

V 
A 
A 
A 
R 
R 
V 
V 
V 
R 
A 
A 
V 
A 
V 
V 
A 
R 
A 
R 
A 
A 
A 
A 
A 

V 

V 
V 

V 
V 

V 

V 

V 
V 
JA 
JA 

V 
V 
V 

V 
V 

JA 
JA 

0006 
0 0078 
0 0179 

0 
0 005 
0 004 

0 0077 
0 002 
0 007 
0 006 

0 0027 
0 002 

0 0071 
0 008 
0006 
0 006 
0 029 
0 007 
0 01 

0 006 
0 007 
0 009 
0 003 
0 019 
0015 

0 
0 

200 
0 

300 
200 

0 
260 
260 

0 
260 

0 
0 
0 
0 
0 

260 
0 
0 

260 
260 
200 
200 

0 
260 
260 
260 
420 
200 
200 
350 
340 
340 
340 
480 
470 
450 
615 

1360 
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TABLE iU3-5 

RAD10LoclcAL POT1 

M t  
L.ocat~m s.lllpleNo QCCode/putna Type 

40293 SS40042AE REAL TRG 
40393 ss40053AE REAL TRG 
40593 s540054AE REAL TRG 
40693 SS40057AE REAL TRG 
40793 SS40058AE REAL TRG 
40893 Ss4ooo4AE REAL TRG 
40993 SS40072AE REAL SS40412A TRG 
40993 SS40412AE DUP SS40072A TRG 
41193 SS40007AE REAL TRG 
41293 SS40071AE REAL TRG 
41693 SS40410AE REAL TRG 
41793 SS40077AE REAL TRG 
41793 SS40069AE DUP SS40077A TRG 
41893 SS40003AE REAL TRG 
41993 SS40009AE REAL TRG 
42093 SS40480AE REAL TRG 
42293 SS40078AE REAL TRG 
42393 SS40079AE REAL TRG 
42693 SS40080AE REAL TRG 
42993 SS40056AE REAL TRG 
43193 SS40084AE REAL TRG 
43293 SS40006AE REAL TRG 
43493 SS40086AE REAL TRG 
43593 SS40061AE REAL TRG 
43793 SS40088AE REAL TRG 
43893 SS4001OAE REAL TRG 
43993 SS40091AE REAL TRG 
44093 SS40090AE REAL TRG 
44193 ss40011AE REAL TRG 
44393 SS40005AE REAL TRG 
44593 ss40001AE REAL TRG 
44793 ss40055AE REAL TRG 
44893 SS40070AE REAL TRG 
45693 SS40094AE REAL TRG 
45793 SS40015AE REAL TRG 
46193 SS40096AE REAL TRG 

- 

SS400193 
SS400293 
SS400393 
SS400493 
SS400593 
ss400693 
SS400793 
SS400893 
SS400993 
SS401093 
SS401193 
SS401293 
SS40 1393 
SS401493 
SS401593 
SS401693 
SS401793 
SS401893 
SS401993 
SS402093 
SS402193 
SS402293 
SS402293 
SS402393 
SS402493 
SS402593 
SS402693 
SS402793 

SS40017AE REAL 
SS40018AE REAL 
SS40019AE REAL 
ss40020AE REAL 
ss40021AE REAL 
ss40022AE REAL 
SS40023AE REAL 
SS40024AE REAL 
SS40025AE REAL 
SS40026AE REAL 
SS40027AE REAL 
SS40028AE REAL 
SS40029AE REAL 
SS40030AE REAL 
SS40031AE REAL 
SS40032AE REAL 
SS40033AE REAL 
SS40034AE REAL 
SS40035AE REAL 
SS40036AE REAL 
SS40037AE REAL 
SS40038AE REAL 

SS40039AE REAL 
SS40040AE REAL 
SS40041AE REAL 
SS40199AE REAL 
SS40043AE REAL 

S S ~ O O I ~ A E  DUP ss4oa 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

138A TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITRTM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRlTIuM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
mm 
URANIUM-233,-234 
URANIUM 233,-234 
URANIUM 233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233;234 
URANW-233,-234 
URANIUM-233,-234 
URANIUM-233.-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233.-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233 -234 
URANNM-233,-234 
URANNM-233,-234 
URANIUM-233,-234 
URANIUM-233 -234 
URANIUM-233,-234 
URANIUM-233 -234 
URANIuM-233,-234 
URANIUM-233,-234 
URANlUM-233,-234 

Nl'SOFCONCERN 

Result 

300 
-980 
300 
520 
370 
-9 7 
480 
210 
640 

-260 
870 

5 818 
11 64 

900 
-87 
1 50 

21 42 
140 

-860 
18 

48 48 
1200 
129 3 

250 
250 

-270 
140 
240 
160 
280 
180 

124 6 
227000 

1300 
480 
280 

0 6646 
2 872 

2 3  
0 9283 

14 
1 3  

1213 
0 9129 

1 822 
1 732 

0 8618 
0 7488 
5 822 
1 327 
1284 
2 312 

0 7913 
3 31 

1 2  
0 8004 
0 9506 
0 457 
0 693 
3 165 

0 8139 
0 9642 
1 247 

7 9  

Qwl * Valid * 
Detect 
Lunlt 

270 PCVL 
1800 PCVL 
260 PCVL 
260 PCVL 
250 PCVL 
200 PCVL 
260 PCYL 
250 PCVL 
260 PCVL 
290 PCYL 
350 PCYL 
217 PCVL 
218 PCVL 
210 PCYL 
220 PCYL 
920 PCYL 
214 PCYL 
230 PCYL 
320 PCYL 
250 PCVL 
219 PCYL 
730 PCYL 
219 PCVL 
250 PCVL 
290 PCYL 
280 PCYL 
230 PCVL 
260 PCYL 
280 PCYL 
131 PCVL 
370 PCYL 
224 PCUL 

23000 PCVL 
280 PCVL 
280 PCYL 
230 PCVL 

0223 PCUG 
0639 PCYG 

0 4 4  PCYG 
0245 PCYG 

1 4  PCVG 
0 2 5  PCYG 

0329 PCYG 
0248 PCYG 
0 3 7  PCYG 

0 418 PCYG 
0 2 4  PCYG 

0211 PCYG 
0905 PCYG 
0288 PCUG 
0328 PCYG 
0 51 PCYG 

0244 PCYG 
0558 PCVG 
0288 PCVG 

0 2 2  PCUG 
0332 PCYG 
0 149 PCUG 
0208 PCVG 
0658 PCUG 
0225 PCllG 
0246 PCYG 
0287 PCYG 

0 7 3  PCYG 

U A 
U R 
U A 

V 
U V 
U V 

V 
U V 

A 
U R 

A 
J V 
J V 

U V 
U V 
J V 
U A 
U R 
U V 
J V 
U A 
J V 
U A 
U A 
U R 
U A 
U A 
U V 

U V 
J V 

JA 
A 
A 

U A 

JA 

JA 

V 

V 
V 

A 
A 

A 

A 

A 
A 
A 
A 

A 
A 
A 

B 

420 
4100 
420 
390 
390 
300 
390 
400 
380 
570 
530 

252 7 
252 7 

270 
400 

1000 
248 2 

380 
750 
400 

252 7 
1300 

248 2 
410 
490 
540 
370 
430 
500 
200 
600 
260 

1120 
340 
430 
360 

0 0867 
0 0756 

0 1  
0 0443 

0 1  
0 08 

0 0587 
0 029 
0 026 

0 0947 
0 

0 0564 
0 0584 
0 0455 
0 0537 
0 0806 

0 044 
0 0522 
0 0671 
0 027 
0 101 
0 02 

0 034 
0 0821 
0 022 
0 015 
0 021 
0 006 

II 3 179 
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I TABLE IU3-5 

SURFICIAL SOIL 
RADI0UK;IcAL POTENTIAL CONTAMINANTS OFCONCERN 

SS402893 SS40044AE REAL 
SS402993 SS40045AE REAL 
SS403093 SS40046AE REAL 
88403193 SS40047AE REAL 
SS403293 SS40048AE REAL 
ss403393 ss40049AE REAL 
SS403493 SS40050AE REAL 
SS403593 SS40051AE REAL 
SS403693 SS40052AE REAL 

40093 SS40060AE REAL 
40193 SS40485AE REAL 
40293 SS40042AE REAL 
40393 SS40053AE REAL 
40593 SS40054AE REAL 
40693 SS40057AE REAL 
40793 SS40058AE REAL 
40893 SS40004AE REAL 
40993 SS40072AE REAL 
40993 SS40412AE DLJP 
41193 SS40007AE REAL 
41293 SS40071AE REAL 
41693 SS40410AE REAL 
41793 ss40077AE REAL 
41793 SS40069AE DLJP 
41893 SS40003AE REAL 
41993 SS40009AE REAL 
42093 SS40480AE REAL 
42293 SS40078AE REAL 
42393 SS40079AE REAL 
42693 SS40080AE REAL 
42993 SS40056AE REAL 
43193 SS40084AE REAL 
43293 SS40006AE REAL 
43493 SS40086AE REAL 
43593 SS40061AE REAL 
43793 SS40088AE REAL 
43893 SS4001OAE REAL 
43993 SS40091AE REAL 
44093 SS40090AE REAL 
44193 SS40011AE REAL 
44393 SS40005AE REAL 
44593 ss40001AE REAL 
44793 SS40055AE REAL 
44893 SS40070AE REAL 
45693 SS40094AE REAL 
45793 SS40015AE REAL 
46193 SS40096AE REAL 

SS400193 
SS400293 
SS400393 
SS400493 
SS400593 
SS400693 
SS400793 
SS400893 
SS400993 
SS401093 
SS40 1 193 
SS401293 
SS40 1393 
SS40 1493 
SS401593 
SS401693 
SS401793 

SS40017AE REAL 
SS40018AE REAL 
SS40019AE REAL 
ss40020AE REAL 
SS40021AE REAL 
SS40022AE REAL 
SS40023AE REAL 
SS40024AE REAL 
SS40025AE REAL 
SS40026AE REAL 
SS40027AE REAL 
SS40028AE REAL 
SS40029AE REAL 
SS40030AE REAL 
SS40031AE REAL 
SS40032AE REAL 
SS40033AE REAL 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40412A TRG 
SS40072A TRG 

TRG 
TRG 
TRG 
TRG 

SS40077A TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

URANRIM-233.-234 
URANNM-233.-234 
URANIUM-233,-234 
URANIUM-233,-234 
uRANRTM-233,-234 
URANIUM-233,-234 
uRANTuM-233,-234 
URANIUM-233,-234 
uRANIuM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
uRANIuM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233.-234 
URANIUM-233,-234 
URANIUM 233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM 233,-234 
URANIUM-233,-234 
URANIUM 233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM 233,-234 
URANIUM-233,-234 
URANW-233,-234 
URANIUM 233,-234 
URANIUM-233,-234 
URANIUM-233.-234 
URANIUM-233,-234 
URANIUh4-233,-234 
uRANnlM-233.-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 
URANIUM-233,-234 

URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUh4-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 

Result 

5 7  
1 1  
41 
5 

2 1  
3 3  
1 2  
1 2  
1 2  

1 27 
0 978 

1 3  
1 

1 3  
2 5  
1 9  
0 9  
2 9  
2 9  
2 4  
1 1  
2 3  

3 507 
4 422 
0 94 
0 99 
0 95 

1 426 
0 99 

2 7  
0 93 

1509 
1 5  

152 
0 97 

6 1  
2 1  

0 65 
0 91 
089 

0 702 
0 84 

0 8747 
0 875 

2 9  
2 4  
6 6  

- Error Unas 

0 6 5  PCYG 
0 3  PCYG 
3 4  PCYG 

0 4 1  PCYG 
0 2 5  PCYG 
0 3 7  PCYG 

0 2  PCYO 
0 2  PCYG 

0 1 8  PCYG 
0 2 7  PCYG 

0217 PCYG 
0 3 6  PCYG 
0 2 7  PCYG 
0 3 5  PCYG 
0 4 2  PCYG 
0 3 8  PCYG 
0 2 2  PCUG 
0 6 5  PCYG 
0 9 3  PCYG 
0 6 9  PCUG 
0 2 9  PCYG 
0 5 5  PCYG 

0642 PCYG 
0 781 PCYG 
0234 PCYG 

0 2 7  PCYG 
0 2 5  PCYG 

0388 PCUG 
0 3 9  PCYG 
065 PCYG 
0 2 5  PCUG 

0329 PCUG 
0 3 3  PCYG 

0352 PCYG 
0 2 9  PCUG 

1 6  PCYG 
0 4 8  PCYG 
0 3 1  PCYG 
0 2 8  PCUG 
0 2 3  PCYG 

0 188 PCYG 
0 2 1  PCUG 

0398 PCYG 
0271 PCYG 

0 7  PCUG 
0 4 7  PCUG 
0 9 7  PCYG 

-- 

0 05 t7 
0 0927 

0 14 
0 0463 

0 75 
0 031 

0 0773 
0 0244 
0 0766 
0 0979 
0 0643 
0 032 

0 0861 
0 0191 
0 1145 
0 0451 
0 026 

00609 PCYG 
00842 PCUG 

0095 PCYG 
00487 PCUG 

0 1 9  PCUG 
0042 PCUG 

00724 PCUG 
00362 PCYG 
00601 PCYG 
00911 PCYG 
00582 PCYG 
00405 PCYG 
00638 PCUG 
00296 PCYG 
00843 PCYG 
00556 PCYG 
0 0421 PCYG 

Qual* Valid * 

V 
V 

B 

B 
B 
B 

B 

B 
B 
B 

B 
B 

B 
B 
B 
B 

B 
B 
B 

J 

J 
J 

U 

J 

J 
J 

A 
A 
A 
A 
A 
A 
A 
V 
A 
A 
V 
A 
A 
A 
A 
A 
A 
V 
A 
V 
V 
V 
A 
A 
A 
A 
A 
V 
V 
A 
V 
A 
V 
A 
A 
V 
A 
V 

0 1  
0 1  

0 019 
0 021 
0 013 
0006 
0 007 
0 018 
0 006 
0 019 
0 016 
0 026 
0011 
0 016 
0 013 
0011 
0 09 

0 017 
0 093 
0 042 
0 012 
0 017 
0 061 

0 0717 
0 021 

0 1  
0 1  

0 0883 
0 066 
0 018 

0 1  
0 0644 
0 011 

0 0723 
0 014 
0 037 
0 052 
0 026 
0 014 

0 1  
0 

0 1  
0 048 
0 044 
0 061 
0 012 
0 028 

0 0792 
0 0502 

V 0 1  
0 0492 

V 0 08 
V 0 08 

0 0651 
A 0 017 
A 0 021 

0 1168 
A 0 

0 OS08 
0 0486 
0 0423 
0 0595 
0 0647 

A 0 034 

* Cades cxplruvd in Table I1 3 6-1 ’ 51\ 59wql 11 3 180 
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TABLE -3-5 

SURFICIALSOIL 
RADIOLOGICAL POTENTIAL CONTAMINANTS OF CONCERN 

SS401893 SS40034AE REAL TRG 
SS401993 SS40035AE REAL TRG 
SS402093 SS40036AE REAL TRG 
SS402193 SS40037AE REAL TRG 
SUO2293 SS40038AE REAL TRG 
SS402293 SS40016AE DUP SS40038A TRG 
SS402393 SS40039AE REAL TRG 
SS402493 SS40040AE REAL TRG 
SS402593 SS40041AE REAL TRG 
SS402693 SS40199AE REAL TRG 
SS402793 SS40043AE REAL TRG 
SS402893 SS40044AE REAL TRG 
SS402993 SS40045AE REAL TRG 
SS403093 SS40046AE REAL TRG 
S W 3 1 9 3  SS40047AE REAL TRG 
SS403293 SS40048AE REAL TRG 
SS403393 SS40049AE REAL TRG 
SS403493 SS40050AE REAL TRG 
SS403593 SS40051AE REAL TRG 
SS403693 SS40052AE REAL TRG 

40093 SS4006OAE REAL TRG 
40193 SS40485AE REAL TRG 
40293 SS40042AE REAL TRG 
40393 SS40053AE REAL TRG 
40593 SS40054AE REAL TRG 
40693 SS40057AE REAL TRG 
40793 SS40058AE REAL TRG 
40893 SS40004AE REAL TRG 
40993 SS40072AE REAL SS40412ATRG 
40993 SS40412AE DUP SS40072A TRG 
41193 SS40007AE REAL TRG 
41293 SS40071AE REAL TRG 
41693 SS40410AE REAL TRG 
41793 SS40077AE REAL TRG 
41793 SS40069AE DUP SS40077A TRG 
41893 SS40003AE REAL TRG 
41993 SS40009AE REAL TRG 
42093 SS40480AE REAL TRG 
42293 SS40078AE REAL TRG 
42393 SS40079AE REAL TRG 
42693 SS40080AE REAL TRG 
42993 SS40056AE REAL TRG 
43193 SS40084AE REAL TRG 
43293 SS40006AE REAL TRG 
43493 SS40086AE REAL TRG 
43593 SS40061AE REAL TRG 
43793 SS40088AE REAL TRG 
43893 SS4001OAE REAL TRG 
43993 SS40091AE REAL TRG 
44093 SS40090AE REAL TRG 
44193 SS40011AE REAL TRG 
44393 SS40005AE REAL TRG 
44593 ss40001AE REAL TRG 
44793 SS40055AE REAL TRG 
44893 SS40070AE REAL TRG 
45693 SS40094AE REAL TRG 
45793 SS40015AE REAL TRG 
46193 SS40096AE REAL TRG 

SS400193 SS40017AE REAL TRG 
SS400293 SS40018AE REAL TRG 
SS400393 SS40019AE REAL TRG 
SS400493 SS4002OAE REAL TRG 
SS400593 SS40021AE REAL TRG 
SS400693 SS40022AE REAL TRG 

* Ccdcs cxplauvd rn Table I1 3 6-1 
59 wql 

URAMUM-235 
URANKJM-235 
URANIUM-235 
URANKJM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URAh’IUh4-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-23 5 
URANIUM-235 
URANIUM-235 
URANIUM335 
URANIUM-235 
URANIUM-235 
URANIUM 235 
URANIUM-235 
URANIUM-235 
URANIUM 235 

URANIUM 235 
URANIUM 235 
URANIUM-235 
URANIUM 235 

URANIUM 235 

URANIUM-235 

URANIUM-235 

URANIUM-235 
URANIUM-235 
URANIUM 235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-23 5 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANRIM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 

URANIUM-238 
URANIUM-238 
URANW-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 

0 133 
0 0541 
0 034 

0 0539 
0 0194 
0 0462 
0 1309 
0 0562 
0 0321 
0 0554 

0 49 
0 3  

0 055 
2 3  

0 18 
0 086 
0 17 
0 05 

0 053 
0 065 

0 0998 
0 0315 
0 038 
0 08 

0 056 
0 18 
0 13 

0 014 
0 25 
0 26 

0 089 
0 088 
0 02 

0 1163 
0 0796 
0 0404 
0 017 
0 076 

0 1241 
-0 008 
0 019 
0 11 

0 0749 
0 025 

0 07 
0 53 
0 21 
0 12 

0 065 
0 032 

0 0349 
0 091 

0 0644 
0 0302 

0 51 
0 18 
0 19 

0 6369 
1 473 

2 2  
0 8559 

8 4  
1 3  

o 0478 

00761 PCYG 
00542 PCYG 
00406 PCYG 
00776 PCVG 
00276 PCYG 
00569 PCYG 
00975 PCYG 
00543 PCYG 
00406 PCUG 
00509 PCYG 

0 1  PCUG 
0 1 2  PCYG 

0074 PCYG 
0 2 8  PCYG 

0046 PCYG 
0 0 4  PCVG 

0058 PCUG 
0034 PCYG 
0036 PCYG 
0036 PCYG 

00668 PCYG 
00388 PCYG 

0054 PCYG 
0068 PCUG 
0066 PCYG 

0 0 9  PCYG 
0084 PCVG 
0028 PCYG 

0 1 5  PCYG 
0 2 2  PCUG 
0 1  PCYG 

0072 PCYG 
0 0 4  PCYG 

00805 PCYG 
00677 PCUG 
00408 PCYG 
0034 PCYG 
0 061 PCYG 

00979 PCYG 
0001 PCYG 
0044 PCYG 
0093 PCYG 

00618 PCYG 
0038 PCUG 

00538 PCYG 
0 0 7  PCYG 
0 3 3  PCYG 
0 1 3  PCYG 
0 1 3  PCYG 

0068 PCUG 
0064 PCYG 

00295 PCYG 
0078 PCYG 
0 105 PCYG 

00605 PCYG 
0 2 3  PCYG 

0 1  PCYG 
0 1  PCYG 

0217 PCYG 
0402 PCI/G 
0 4 1  PCVG 

0233 PCYG 
089 PCVG 
0 2 3  PCYG 

J 
J 
J 

J 
J 
J 

U 

J 
J 
J 
J 
J 
J 

J 
BJ 
J 
J 
J 
U 
J 
J 
J 
J 
J 

U 
U 

U 
U 
J 

BJ 
J 
J 

J 
J 
J 
U 

U 
J 

B 
J 
J3J 

A 
A 
A 
A 

A 
A 
A 

V 
V 

A 
A 
A 
A 
A 
A 
A 
V 
A 
A 
V 
A 
A 
A 
A 
A 
A 
V 
A 
V 
V 
V 
A 
A 
A 
A 
A 
V 
V 
A 
V 
A 
V 
A 
A 
V 
A 
V 

V 

V 
V 

0 0378 
0 0607 
0 015 
0 077 

0 
0 024 

0 0739 
0 032 
0 027 
0 015 
0 024 

0 08 
0 1  

0 006 
0 004 
0 005 
0 006 
0 007 
0 007 
0006 
0 019 
0 016 
0 016 
0 019 
0 016 
0 013 
0 029 

0 1  
0 017 
0 035 
0 025 
0 012 
0 017 

0 0536 
0 0555 

0 
0 1  
0 1  

0 0739 
0 066 
0 031 

0 1  
0 0583 
0 019 

0 0647 
0 014 
0 037 
0 046 
0 026 
0 024 

0 1  
0 

0 1  
0 084 
0 031 

0 02 
0 02 
0 01 

0 0818 
0 0976 

0 1  
0 0443 

0 1  
0 07 

OU4 Rq”C4I IMllRA EA k u m  Davncnt 
11 3 181 FckupryIO 1995 



I TABLE II.33-5 

suRFIclALsolL 
RADIOLoclcAL POTENTIAL CONTAMINANTS OF CONCERN 

Rceult 
Lm&m SampleNo QCcodJpartM Type Chcaud Result EsnxUruts Qual* Valid* Lama - ---_I_-- 

SS400793 SS40023AE REAL TRG 
SS400893 SS40024AE REAL TRG 
SS-3 SS40025AE REAL TRG 
SS401093 SS40026AE REAL TRG 
SS401193 SS40027AE REAL TRG 
SS401293 SS40028AE REAL TRG 
SS401393 SS40029AE REAL TRG 
SS401493 SS40030AE REAL TRG 
SS401593 SS40031AE REAL TRG 
93401693 SS40032AE REAL TRG 
SS401793 SS40033AE REAL TRG 
SS401893 SS40034AE REAL TRG 
SS401993 SS40035AE REAL TRG 
SS402093 SS40036AE REAL TRG 
SS402193 SS40037AE REAL TRG 
SS402293 SS40038AE REAL TRG 
SS402293 SS40016AE DUP SS40038A TRG 
SS402393 SS40039AE REAL TRG 
SS402493 SS40040AE REAL TRG 
SS402593 SS40041AE REAL TRG 
SS402693 SS40199AE REAL TRG 
SS402793 SS40043AE REAL TRG 
SS402893 SS40044AE REAL TRG 
SS402993 SS40045AE REAL TRG 
SS403093 SS40046AE REAL TRG 
SS403193 SS40047AE REAL TRG 
SS403293 SS40048AE REAL TRG 
ss403393 ss40049AE REAL TRG 
SS403493 SS40050AE REAL TRG 

TRG 
TRG 

' @ SS403593 SS40051AE REAL 
SS403693 SS40052AE REAL 

40093 SS4OO6OAE REAL TRG 
40193 SS40485AE REAL TRG 
40293 SS40042AE REAL TRG 
40393 SS40053AE REAL TRG 
40593 SS40054AE REAL TRG 
40693 SS40057AE REAL TRG 
40793 SS40058AE REAL TRG 
40893 SS40004AE REAL TRG 
40993 SS40072AE REAL SS40412A TRG 
40993 SS40412AE DUP SS40072A TRG 
41193 SS40007AE REAL TRG 
41293 SS40071AE REAL TRG 
41693 SS40410AE REAL TRG 
41793 SS40077AE REAL TRG 
41793 SS40069AE DUP SS40077A TRG 
41893 SS40003AE REAL TRG 
41993 SS40009AE REAL TRG 
42093 SS40480AE REAL TRG 
42293 SS40078AE REAL TRG 
42393 SS40079AE REAL TRG 
42693 SS4008OAE REAL TRG 
42993 SS40056AE REAL TRG 
43193 SS40084AE REAL TRG 
43293 SS40006AE REAL TRG 
43493 SS40086AE REAL TRG 
43593 SS40061AE REAL TRG 
43793 SS40088AE REAL TRG 
43893 SS4001OAE REAL TRG 
43993 SS40091AE REAL TRG 
44093 SS40090AE REAL TRG 
44193 SS40011AE REAL TRG 
44393 SS40005AE REAL TRG 
44593 ss40001AE REAL TRG 
44793 SS40055AE REAL TRG 

0 
* Codu explauvd UI Tabk I1 3 6-1 ' ''' 59wql 

URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM 238 
URANIUM-238 
URANIUM-238 
URANIUM 238 
URANIUM-238 
URANIUM-238 
URANIUM 238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 

II 3-182 

0 9091 
0 9765 

1 276 
1 429 

0 7836 
0 7497 
3 574 
1 339 

0 7416 
1135 
1032 
2 517 
1117 

0 9633 
1126 
0 515 
0 681 
1 429 
1148 
1 228 
1325 

6 3  
4 7  
1 5  
27 

3 3  
2 

2 3  
1 5  
1 2  
1 3  

1 04 
0 978 

1 2  
1 2  
1 2  
19  
1 1  

0 82 
16  
1 2  

0 89 
1 1  
2 6  

2 268 
2444 
0 738 
0 69 
0 66 

1013 
1 3  
1 2  

0 93 
1 797 

1 4  
0 9689 

0 88 
5 

5 2  
1 1  

0 78 
0 74 

0 708 
0 92 

1015 

0275 PCYG 
0259 PCYG 

0 2 9  PCUG 
0368 PCYG 
0227 PCYG 
0211 PCYG 
0608 PCYG 

0 2 9  PCYG 
0233 PCYG 
0316 PCYG 
0287 PCYG 
0453 PCYG 
0275 PCYG 
0246 PCYG 
0365 PCYG 
016 PCVG 

0204 PCYG 
0376 PCYG 

0 2 8  PCUG 
0288 PCYG 
0298 PCVG 
061 PCYG 
0 5 6  PCVG 
0 3 5  PCYG 

2 3  PCUG 
0 2 9  PCYG 
0 2 4  PCVG 
0 2 9  PCYG 
0 2 3  PCYG 
0 2  PCYG 
0 2  PCYG 

0 2 4  PCYG 
0217 PCYG 
0 3 5  PCYG 
0 2 9  PCUG 
0 3 4  PCYG 
0 3 6  PCYG 
0 2 8  PCYG 
0 2  PCYG 

0 4 3  PCYG 
0 5 3  PCVG 
0 3 6  PCYG 
0 2 8  PCUG 
0 6  PCYG 

0464 PCYG 
0496 PCYG 
0 199 PCYG 

0 2 1  PCYG 
0 1 9  PCYG 

0 312 PCYG 
0 4 5  PCUG 
0 3 8  PCYG 
0 2 5  PCYG 

0371 PCYG 
0 3 2  PCYG 

0265 PCYG 
0 2 8  PCYG 

1 4  PCYG 
0 9 5  PCYG 
0 4 3  PCI/G 
0 2 5  PCVG 
0 2 3  PCYG 
019 PCVG 
0 2 1  PCYG 

0437 PCVG 

B 

B 
B 
B 
B 
B 
B 
B 

B 
B 
B 
B 
B 

B 
B 
B 
B 
B 

B 
B 

B 

B 
B 
B 
B 
B 

A 
A 

A 

A 

A 
A 
A 
A 

A 
A 
A 

V 
V 

A 
A 
A 
A 
A 
A 
A 
V 
A 
A 
V 
A 
A 
A 
A 
A 
A 
V 
A 
V 
V 
V 
A 
A 
A 
A 
A 
V 
V 
A 
\' 
A 
V 
A 

0 0587 
0 029 
0 015 

0 1168 
0 017 

0 0538 
0 0408 
0 0381 
0 064 

0 0837 
0 02 

0 0542 
0 0651 
0 027 

0 
0 02 

0 024 
0 0783 
0 032 
0 034 
0 026 
0 006 
009 
0 1  

0 014 
0 024 
0 005 
0 015 
0 016 
0 007 
0 006 
0 019 
0 016 
0 016 
0 019 
0 016 
0 043 
0 011 
0 09 

0 017 
0 06 

0 042 
0 02 

0 029 
0 0692 
0 0742 

0 
0 1  
0 1  

0 0739 
0 078 
0 049 

0 1  
0 0625 
0 019 

0 1015 
0 014 
0 062 
0 025 
0 026 
0 014 

0 1  
0 

0 08 
0 084 



TABLE IL3.2-5 

SURFICIAL SOIL 
I 

RADIOIDGICAL POTENTIAL CONTAMINANTSOF CONCERN 

Result 
Lacatmu SampleNo QCcode/plutna Type chanrcll Result Emor Umta Qual * Valid* Lunrt 

44893 SS40070AE REAL TRG URANIUM-238 112 031 PCUG A 0 044 
45693 SS40094AE REAL TRG URANIUM-238 1 9  053PCVG B V 0 02 
45793 SS40015AE REAL TRG URANIUM-238 2 3  047PCUG A 0 012 
46193 ss40096AE REAL TRG URANIUM-238 4 1  067  PCUG B V 0 01 



TAELX W3-6 

SURFICIAL SOIL 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Rault 

SS400193 SS40017AE REAL 
SS400293 SS40018AE REAL 
SS400393 SS40019AE REAL 
ss400493 ss40020AE REAL 
ss400593 ss40021AE REAL 
88400693 SS40022AE REAL 
SS400793 SS40023AE REAL 
SS400893 SS40024AE REAL 
SS400993 SS40025AE REAL 
SS401093 SS40026AE REAL 
SS401193 SS40027AE REAL 
SS401293 SS40028AE REAL 
SS401393 SS40029AE REAL 
SS401493 SS40030AE REAL 
SS401593 SS40031AE REAL 
SS401693 SS40032AE REAL 
SS401793 SS40033AE REAL 
SS401893 SS40034AE REAL 
SS401993 SS40035AE REAL 
SS402093 SS40036AE REAL 
SS402193 SS40037AE REAL 
SS402293 SS40038AE REAL 
SS402293 SS40016AE DUP 
SS402393 SS40039AE REAL 
SS402493 SS40040AE REAL 
SS402593 SS40041AE REAL 

SS402793 SS40043AE REAL 
SS402893 SS40044AE REAL 
SS402993 SS40045AE REAL 
SS403093 SS40046AE REAL 
SS403193 SS40047AE REAL 
SS403293 SS40048AE REAL 
ss403393 ss40049AE REAL 
SS403493 SS40050AE REAL 
SS403593 SS40051AE REAL 
38403693 SS40052AE REAL 

40093 SS40060AE REAL 
40193 SS40485AE REAL 
40293 SS40042AE REAL 
40393 SS40053AE REAL 
40593 SS40054AE REAL 
40693 SS40057AE REAL 
40793 SS40058AE REAL 
40893 SS40004AE REAL 
40993 SS40072AE REAL 
40993 SS40412AE DUP 
41193 SS40007AE REAL 
41293 SS40071AE REAL 
41693 SS40410AE REAL 
41793 SS40077AE REAL 
41793 SS40069AE D W  
41893 SS40003AE REAL 
41993 SS40009AE REAL 
42093 SS40480AE REAL 
42093 SS40013AE D W  
42293 SS40078AE REAL 
42393 SS40079AE REAL 
42693 SS40080AE REAL 
42993 SS40056AE REAL 
43193 SS40084AE REAL 
43293 SS40006AE REAL 
43493 SS40086AE REAL 
43593 SS40061AE REAL 
43793 SS40088AE REAL 

I SS402693 SS40199AE REAL 

a 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40038AE TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40412AE TRG 
SS40072AE TRG 

TRG 
TRG 
TRG 
REX 

SS40077AE REX 
TRG 
REX 
TRG 

SS40480AE TRG 
TRG 
TRG 
TRG 
TRG 
REX 
REX 
TRG 
TRG 
TRG 

BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)A"RACENE 
BENZO(a)A"UCENE 
BENZqa) ANTHRACENE 
BEN2qa)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)A"RACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZqa) ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)A"RACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)A"RACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)A"RACENE 
BENZO(a))A"RACENE 
BENZO(a)ANTHRACENE 
BENZO(a)A"RACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)A"RACENE 
BENZqa)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)A"RACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)A"RACENE 
BENZO(a)A"RACENE 
BENZO(a)A"RACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BEN2qa)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BEN2qa)ANTHRACENE 
BENZO(a)ANTHRACENE 
BEN2qa)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 

370 UGKG U 
140UGKG J 
170 UGKG J 
840 UGKG 

51 UGKG J 
360UGKG U 

86 UGKG J 
46UGKG J 

103 UGKG J 
480 UGKG U 
360 UGKG U 
470 UGKG U 

56 UGKG J 
330 UGKG J 
94 UGKG J 

410 UGKG 
120 UGKG J 
140 UG/KG J 
38 UGKG J 

850 UGKG 
59 UGKG J 

360 UGKG U 
130 UGKG J 
40UGXG J 

440UGKG U 
170 UGKG J 
420 UGKG 
110 UG/KG J 
340UGlKG U 
160 UGKG J 
460 UGKG U 
100 UGKG J 
630 UGKG U 
420 UGKG U 
390 UGKG U 
160 UGKG J 
480 UGXG U 
46OUGKG U 
450 UGKG U 
440UGKG U 
460 UGKG U 
46OUGKG J 
520 UGKG J 
400 UG/KG U 
320 UGKG J 
360 UG/KG J 
150 UGKG J 
180 UGKG J 
66 UG/KG J 
79 UGKG J 

110 UGKG J 
102 UGKG J 
120 UGKG J 
350 UGKG U 
340 UGKG U 
380 UGKG U 
210 UG/KG J 
63 UG/KG J 
54 UG/KG J 
53 UG/KG J 

380 UG/KG U 
69 UG/KG J 
57 UG/KG J 

1900 UGKG 

1100 UGKG 

V 
A 
A 
V 
A 
V 
A 
A 
V 
A 
V 
V 
V 
A 
A 
A 
V 
A 
A 
A 
V 
A 
V 
A 
A 
V 
A 
V 
A 
V 
A 
V 
A 
V 
V 
V 
A 
V 
V 
V 
V 
V 
A 
A 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 
JA 
A 
A 
A 
A 
JA 
JA 
A 
A 

370 
460 
350 
380 
340 
360 
380 
460 
3 80 
360 
480 
360 
470 
380 
430 
360 
390 
380 
400 
400 
390 
350 
360 
380 
440 
440 
380 
370 
3 50 
340 
700 
460 
440 
630 
420 
390 
390 
480 
460 
450 
440 
460 
600 
590 
330 
390 
400 
500 
740 
450 
390 
380 
400 
400 
350 
340 
3 80 
360 
520 
370 
360 

380 
350 
380 

420 

I 315 * Coda arc explauwd UI Table Ill 3 6-1 
113 184 



TABLE Iu3-6 

SURFICIAL SOIL 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Result Daea 
Locatma SampieNo QCcodsQCPartmr Type Charucll Rgult Umta Qual+ Valid+ Lmut e 

43893 SS4001OAE REAL, 
43993 ss40091AE REAL 
44093 SS4009OAE REAL, 
44193 SS40011AE REAL 
44393 ss4ooo5AE REAL 
44793 ss40055AE REAL 
44893 SS40070AE REAL 
45693 SS40094AE REAL 
45793 SS40015AE REAL 
46193 SS40096AE REAL 

SS400193 
SS400293 
SS400393 
SS400493 
SS400593 
SS400693 
SS400793 
SS400893 
SS400993 
SS40 1093 
SS401193 
SS401293 
SS401393 
SS401493 
SS401593 
SS401693 
SS401793 0 SS401893 
SS401993 
SS402093 
SS402193 
SS402293 
SS402293 
SS402393 
SS402493 

I 

SS40017AE REAL 
SS40018AE REAL 
SS40019AE REAL 
ss40020AE REAL 
ss40021AE REAL 
ss40022AE REAL 
SS40023AE REAL 
SS40024AE REAL 
SS40025AE REAL 
SS40026AE REAL 
SS40027AE REAL 
SS40028AE REAL. 
SS40029AE REAL 
SS40030AE REAL 
SS40031AE REAL 
SS40032AE REAL 
ss40033AE REAL 
SS40034AE REAL 
SS40035AE REAL 
SS40036AE REAL 
SS40037AE REAL 
SS40038AE REAL 
SS40016AE DUP 
SS40039AE REAL 
ss4004oAE REAL 

SS402593 SS40041AE REAL 
SS402693 SS40199AE REAL 
SS402793 SS40043AE REAL 
SS402893 SS40044AE REAL 
SS402993 SS40045AE REAL 
SS403093 SS40046AE REAL 
SS403193 SS40047AE REAL 
SS403293 SS40048AE REAL 
SS403393 SS40049AE REAL 
SS403493 SS40050AE REAL 
SS403593 SS40051AE REAL 
SS403693 SS40052AE REAL 

40093 SS40060AE REAL 
40193 SS40485AE REAL 
40293 SS40042AE REAL 
40393 SS40053AE REAL 
40593 SS40054AE REAL 
40693 SS40057AE REAL 
40793 SS40058AE REAL 
40893 SS40004AE REAL 
40993 SS40072AE REAL 
40993 SS40412AE DUP 
41193 SS40007AE REAL 
41293 SS40071AE REAL 
41693 SS40410AE REAL 
41793 SS40077AE REAL 
41793 SS40069AE DUP 
41893 SS40003AE REAL 
41993 SS40009AE REAL 

TRG 
TRG 
REX 
TRG 
TRG 
REX 
TRG 
TRG 
TRG 
TRG 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40038AE TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40412AE TRG 
SS40072AE TRG 

TRG 
TRG 
TRG 
REX 

SS40077AE REX 
TRG 
REX 

BENZO(a)A”RACENE 
BENZO(8)ANTHRACENE 
BENZO(a)A”RACENE 
BENZO(a)ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)A”RACENE 
BENZO(8)ANTHRACENE 
8ENZqa)ANTHRACENE 
BENZO(8)A”RACENE 
BENZO(a)ANTHRACENE 

BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PYRENE 
BENZO(a)PY RENE 
BENZO(a)PYRENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PYRENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PYRENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)€’Y RENE 
BEN2qa)PYRENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PYRENE 
BENZo(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PYRENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PYRENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PYRENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 

110 UGKG J 
380 UGKG U 

51 UGKG J 
360UGKG U 

68 UGKG J 
440UGKG U 
440UGKG U 
210 UGKG J 
490UGKG J 
80 UGKG J 

370 UGKG U 
170 UGKG J 
230 UGKG J 
900 UGKG 

65 UGKG J 
45 UGKG J 
78 UGKG J 
63 UGKG J 

110 UGKG J 
480 UGKG U 
360 UGKG U 
470 UGKG U 

56 UGKG J 
350 UGKG J 
102 UGKG J 
470 UGKG 
150 UGKG J 
160 UGKG J 
48 UGKG J 

980 UGKG 
120 UGKG J 
360 UG/KG U 
140UGKG J 
48 UGXG J 

440UGKG U 
210 UGKG J 
470 UGKG 
130 UGKG J 
36 UGKG J 

180 UGKG J 
46OUGKG U 
110 UGKG J 
630 UGKG U 
420 UGKG U 
390 UGKG U 
200 UGKG J 
480 UG/KG U 
46OUGKG U 
450 UGKG U 
440 UG/KG U 
460 UG/KG U 
550 UG/KG J 
590 UG/KG 
88 UG/KG J 

360 UG/KG J 
420 UGXG 
180 UG/KG J 
230 UGKG J 

67 UG/KG J 
390 UG/KG U 
380 UG/KG U 
130 UG/KG J 
140 UG/KG J 

2100 UGKG 

A 
V 
A 
V 
A 
V 
V 
A 
A 
A 

V 
A 
A 
V 
A 
A 
A 
A 
V 
A 
V 
V 
V 
A 
A 
A 
V 
A 
A 
A 
V 
A 
V 
A 
A 
V 
A 
V 
A 
A 
A 
V 
A 
V 
V 
V 
A 
V 
V 
V 
V 
V 
A 
JA 
A 
A 
JA 
A 
A 
A 
JA 
JA 
A 
A 

400 
380 
400 
360 
380 
440 
440 
480 
500 
420 

370 
460 
350 
380 
340 
360 
380 
460 
3 80 
360 
480 
360 
470 
380 
430 
360 
390 
380 
400 
400 
390 
350 
360 
380 
440 
440 
380 
370 
350 
340 
700 
460 
440 
630 
420 
390 
390 
480 
460 
450 
440 
460 
600 
590 
330 
390 
400 
500 
740 
450 
390 
3 80 
400 
400 

* Ca*s are cxplauvd in Table 111 3 6-1 .N? mwq1 I1 3 185 
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TABLE IL3.2-6 

SURFICIAIJ SOIL 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 0 

Locatam SampleNo QCCode 
_I_ 

42093 SS4048DAE REAL 
42093 SS40013AE DUP 
42293 SS40078AE REAL 
42393 SS40079AE REAL 
42693 S S 4 0 0 t O A E  REAL 
42993 SS40056AE REAL 
43193 SS40084AE REAL 
43293 SS4ooo6AE REAL 
43493 SS40086AE REAL 
43593 ss40061AE REAL 
43793 SS40088AE REAL 
43893 SS4001OAE REAL 
43993 SS40091AE REAL 
44093 ss4009oAE REAL 
44193 SS400llAE REAL 
44393 ss40005AE REAL 
44793 ss40055AE REAL 
44893 SS40070AE REAL 
45693 SS40094AE REAL 
45793 SS40015AE REAL 
46193 SS40096AE REAL 

SS400193 SS40017AE REAL 
SS400293 SS40018AE REAL 
SS400393 SS40019AE REAL 
SS400493 SS40020AE REAL 
SS400593 SS40021AE REAL 
SS400693 SS40022AE REAL 
SS400793 SS40023AE REAL 

1 @ SS400893 SS40024AE REAL 
SS400993 SS40025AE REAL 
SS401093 SS40026AE REAL 
SS401193 SS40027AE REAL 
SS401293 SS40028AE REAL 
SS401393 SS40029AE REAL 
SS401493 SS40030AE REAL 
SS401593 SS40031AE REAL 
SS401693 SS40032AE REAL 
SS401793 SS40033AE REAL 
SS401893 SS40034AE REAL 
SS401993 SS40035AE REAL 
SS402093 SS40036AE REAL 
SS402193 SS40037AE REAL 
SS402293 SS40038AE REAL 
SS402293 SS40016AE DUP 
SS402393 SS40039AE REAL 
SS402493 SS40040AE REAL 
SS402593 SS40041AE REAL 
SS402693 SS40199AE REAL 
SS402793 SS40043AE REAL 
SS402893 SS40044AE REAL 
SS402993 SS40045AE REAL 
SS403093 SS40046AE REAL 
SS403193 SS40047AE REAL 
SS403293 SS40048AE REAL 
SS403393 SS40049AE REAL 
SS403493 SS40050AE REAL 
SS403593 SS40051AE REAL 
SS403693 SS40052AE REAL 

40093 SS40060AE REAL 
40193 SS40485AE REAL 
40293 SS40042AE REAL 
40393 SS40053AE REAL 
40593 SS40054AE REAL 
40693 SS40057AE REAL 

a 
3'7 60 wql 

* Codes M c x p l d  u1 Table 111 3 6-1 

Rcsult 
QCp- Typo 

TRG 
SS40480AE TRG 

TRG 
TRG 
TRG 
TRG 
REX 
REX 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 
TRG 
TRG 
REX 
TRG 
TRG 
TRG 
TRG 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40038AE TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

~ 

BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(.)PY RENE 
BEN2qa)PYRENE 
BENZO(a)PY RENE 
BEN2qa)PYRENE 
BENZO(a)PY RENE 
BENZqa)PYRENE 
BENZO(a)PY RENE 
BENZO(a)PYRENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PYRENE 
BENZO(a)PY RENE 
BENZO(a)PYRENE 
BENZO(a)PYRENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 
BENZO(a)PY RENE 

BENZO(b)FLUORANTHENE 
BENZO(b)FLUORA"ENE 
BENZO@)FLUORANTHENE 
BENZO@)FLUORANTHENE 
BENZO@)FLUORA"ENE 
BENZO(b)FLUORA"ENE 
BENZO(b)FL.UOR"THENE 
BENZO@)FLUORANTHENE 
BENZO(b)FLUORA"ENE 
BENZO(b)FLUORA"ENE 
BENZO(b)FLUORANTHENE 
BENZO@)FLUORA"ENE 
BENZO@)FLUORA"ENE 
BENZO(b)FLXJORA"ENE 
BENZO(b)FLUORANTHENE 
BENZO@)FLUORA"ENE 
BENZO(b)FLUORA"ENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO@)FLUORANTHENE 
BENZO@)FLUORA"ENE 
BENZO(b)FLUORANTHENE 
BENZO@)FLUORA"ENE 
BENZO(b)FLUORA"ENE 
BENZO(b)FLUORA"ENE 
BENZO(b)FLUORANTHENE 
BENZO@)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO@)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO@)FLUORA"ENE 
BENZO(b)FLUORA"ENE 
BENZO@)FLUORANTHENE 
BENZO@)FLUORANTHENE 
BENZO@)FLUORANTHENE 
BENZO@)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZ9)FLUORANTHENE 
BENZO@)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO@)FLUORANTHENE 
BENZO@)FLUORANTHENE 

I1 3-186 

Rssult urn Qual * Valid* 

350 UGKG 
340 UGKG 
380 UGKG 
240 UGKG 
520 UGKG 
60 UGKG 

360 UGKG 
1000 UGKG 
380 UGKG 

86 UGKG 
57 UGKG 

400 UGKG 
380 UGKG 
400 UGKG 
360 UG/KG 

72 UGKG 
440 UGKG 
440 UGKG 
200 UGKG 
530 UGKG 
87 UGKG 

370 UGKG 
280 UGKG 
350 UGKG 

1400 UGKG 
64 UGKG 
64 UGKG 

120 UGKG 
94 UGXG 

3300 UGKG 
170 UGKG 
76 UGKG 

360 UGKG 
470 UGKG 

96 UGKG 
530 UGKG 
190 UGKG 
750 UGKG 
270 UGKG 
260 UGKG 

71 UGKG 
1700 UGKG 

94 UGKG 
360 UGKG 
210 UGKG 

69 UGKG 
440 UGKG 
340 UGKG 
540 UG/KG 
140 UGKG 
32 UGKG 

160 UG/KG 
460 UGKG 
100 UG/KG 
90 UG/KG 
52 UG/KG 
43 UG/KG 

210 UG/KG 
480 UG/KG 
460 UG/KG 
450 UG/KG 
70 UGKG 

460 UG/KG 
890 UGKG 

u v  
U JA 
U JA 
J A 
U JA 
J A 
U JA 

JA 
U JA 
J A  
J A 
U A  
u v  
U JA 
u v  
J A 
U JA 
U JA 
J A  

V 
J A  

u v  
J X A  
X JA 
X JA 
J A 
J X A  
J X A  
J X A  
X JA 
J X A  
J X A  
u v  
u v  
J X A  
X JA 
J X A  
X JA 
J X A  
J X A  
J X A  
X JA 
J X A  
u v  
J X A  
J X A  
u v  
J X A  

V 
J A 
J X A  
J A 
u v  
J A 
J X A  
J X A  
J X A  
J A 
u v  
u v  
u v  
J X A  
u v  
X JA 

Daect 
Lunlt 

350 
340 
380 
360 
520 
370 
360 
420 
380 
350 
380 
400 
380 
400 
360 
380 
440 
440 
480 
500 
420 

_I 

370 
460 
350 
380 
340 
360 
3 80 
460 
3 80 
360 
480 
360 
470 
380 
430 
360 
390 
380 
400 
400 
390 
350 
360 
380 
440 
440 
380 
370 
350 
340 
700 
460 
440 
630 
420 
390 
390 
480 
460 
450 
440 
460 
600 

OU4 Proposed IMllRA EA Dccuun Doauaem 
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TABLE IL33-6 

SURFlcLAL SOIL 
ORCANIC POTENTIAL CONTAMINANTS OF CONCERN 

R!28ult 
Locatton SampleNo QCCodeQCPatlncr Type Chamcal Result Umts Qual* V&d* Lmut ----- 

40793 SS40058AE REAL 
40893 SS40004AE REAL 
40993 SS40072AE REAL 
40993 SS40412AE DUP 
41193 Ss4ooo7AE REAL 
41293 SS40071AE REAL 
41693 SS40410AE REAL 

41793 SS40069AE DUP 
41893 SS40003AE REAL 
41993 SS40009AE REAL 
42093 SS40480AE REAL 
42093 SS40013AE DUP 
42293 SS40078AE REAL 
42393 SS40079AE REAL 
42693 SS40080AE REAL 
42993 SS40056AE REAL 
43193 SS40084AE REAL 
43293 SS40006AE REAL 
43493 SS40086AE REAL 
43593 SS40061AE REAL 
43793 SS40088AE REAL 
43893 ss4001oAE REAL 
43993 SS40091AE REAL 
44093 ss4009oAE REAL 
44193 SS40011AE REAL 
44393 ss40005AE REAL 
44793 ss40055AE REAL 
44893 SS40070AE REAL 
45693 SS40094AE REAL 
45793 ss40015AE REAL 
46193 SS40096AE REAL 

41793 ss4oon.a REAL 

SS400193 SS40017AE REAL 
SS400293 SS40018AE REAL 
SS400393 SS40019AE REAL 
SS400493 SS40020AE REAL 
SS400593 SS40021AE REAL 
SS400693 SS40022AE REAL 
SS400793 SS40023AE REAL 
33400893 SS40024AE REAL 
SS400993 SS40025AE REAL 
SS401093 SS40026AE REAL 
SS401193 SS40027AE REAL 
SS401293 SS40028AE REAL 
SS401393 SS40029AE REAL 
SS401493 SS40030AE REAL 
SS401593 SS40031AE REAL 

I SS401693 SS40032AE REAL 
SS401793 SS40033AE REAL 
SS401893 SS40034AE REAL 
SS401993 SS40035AE REAL 
SS402093 SS40036AE REAL 
SS402193 SS40037AE REAL 
SS402293 SS40038AE REAL 
SS402293 SS40016AE DUP 
SS402393 SS40039AE REAL 
SS402493 SS40040AE REAL 
SS402593 SS40041AE REAL 
SS402693 SS40199AE REAL 
SS402793 SS40043AE REAL 
SS402893 SS40044AE REAL 
SS402993 SS40045AE REAL 
SS403093 SS40046AE REAL 
SS403193 SS40047AE REAL 

! 31 g * Codes arc e x p l d  m Table 111 3 6-1 
60 mil 

TRG 
TRG 

SS40412AE TRG 
SS40072AE TRG 

TRG 
TRG 
TRG 
REX 

ss40077AE REX 
TRG 
REX 
TRG 

SS40480AE TRG 
TRG 
TRG 
TRG 
TRG 
REX 
REX 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 
TRG 
TRG 
REX 
TRG 
TRG 
TRG 
TRG 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40038AE TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

BENZO(b)FLUORANTHENE 
BENZO@)FLUOM"ENE 
BENZO@)FLUORAh"ENE 
BENZO@)FLUORA"ENE 
BENZO@)FLUORANTHENE 
BENZO@)FLUORA"EE 
BENZO@)FLUOU"ENE 
BENZO@)FLUORANTHENE 
BENZO@)FL.UORANTHENE 
BENZO(b)FLUOU"ENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORA"ENE 
BENZO(b)FLUORA"ENE 
BENZO(b)FLUORA"ENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORA"ENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORA"ENE 
BENZO@)FLUORANTHENE 
BENZO@)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORA"ENE 
BENZO(b)FLUORA"ENE 
BENZO@)FLUORANTHENE 
BENZO@)FLUORANTHENE 
BENZO@)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO@)FL,UORANTHENE 
BENZO@)FLUORANTHENE 
BENZO(b)FLUORANTHENE 
BENZO(b)FLUORANTHENE 

BENZO(&)PERY LENE 
BENZO(&)PERY LENE 
BENZO(glu)PERYLENE 
BENZO(&)PERY LENE 
BENZO(glu)PERY LENE 
BENZO(&)PERYLENE 
BENZO(&)PERY LENE 
BENZO(&)PERY LENE 
BENZq&)PERYLENE 
BENZO(&)PERY LENE 
BENZO(&)PERY LENE 
BENZO(glu)PERYLENE 
BENZO(&)PERY LENE 
BENZO(glu)PERY LENE 
BENZO(&)PERY LENE 
BENZO(glu)PERY LENE 
BENZO(gtu)PERY LENE 
BENZO(&)PERY LENE 
BENZO(glu)PERY LENE 
BENZO(&)PERYLENE 
BENZO(&)PERY LENE 
BENZO(&)PERYLENE 
BENZO(glu)PERY LENE 
BENZO(glu)PERY LENE 
BENZO(gtu)PERY LENE 
BENZO(&)PERY LENE 
BENZO(&)PERY LENE 
BENZq&)PERYLENE 
BENZO(glu)PERYLENE 
BENZO(&)PERY LENE 
BENZO(&)PERYLENE 
BENZO(gtu)PERY LENE 

I13 187 

910 UGKG X 
400UGKG U 
570 UGKG X 
690 UGKG X 
270 UGKG JX 
370 UGKG JX 
110 UGKG JX 
180 UGKG JX 
200UGKG JX 
200 UGKG JX 
240 UGKG JX 

40UGKG JX 
340UGKG U 
380 UGKG U 
370 UGKG X 
130 UGKG JX 
100 UGKG JX 
1OOUGKG JX 

1800 UGKG X 
380 UGKG U 
150 UGKG JX 
100 UGKG JX 
230 UGKG JX 
380 UGKG U 

85 UGKG JX 
360 UGKG U 
110 UGKG JX 
60UGKG JX 

440 UG/KG U 
290 UGKG JX 
840 UGKG X 
14OUGKG JX 

370 UGKG U 
110 UGKG J 
210 UGKG J 
590 UGKG 
70 UGKG J 

360UGKG U 
380 UGKG U 

58UGKG J 

69 UGKG J 
480 UG/KG U 
360 UGKG U 
470 UGKG U 
380 UGKG U 
240 UGKG J 

80 UG/KG J 
300UGKG J 
130 UGKG J 
110 UGKG J 
400UGKG U 
900 UG/KG 

15 UGKG J 
360 UGKG U 
76 UGKG J 

440 UGKG U 
440UGKG U 
180 UGKG J 
330 UGKG J 
140 UG/KG J 
340UGKG U 
130 UGKG J 
460 UGKG U 

1300 UGKG 

JA 
V 
JA 
JA 
A 
A 
A 
A 
A 
A 
A 
A 
JA 
JA 
JA 
A 
A 
A 
JA 
JA 
A 
A 
A 
V 
A 
V 
A 
A 
JA 
A 
JA 
A 

V 
A 
A 
JA 
A 
JA 
V 
A 
JA 
A 
V 
V 
V 
V 
A 
A 
A 
A 
A 
V 
JA 
A 
V 
A 
V 
V 
A 
A 
A 
V 
A 
V 

590 
330 
390 
400 
500 
740 
450 
390 
380 
400 
400 
350 
340 
380 
360 
520 
370 
360 
420 
380 
350 
380 
400 
380 
400 
360 
380 
440 
440 
480 
500 
420 

370 
460 
350 
380 
340 
360 
380 
460 
380 
360 
480 
360 
470 
3 80 
430 
360 
390 
3 80 
400 
400 
390 
3 50 
360 
380 
440 
440 
380 
370 
3 SO 
340 
700 
460 
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TABLE IU3-6 

SURFICULSOIL 
ORGANIC POTENTIAL CONTAMINANTS OF co" 

Rgult 
W a n  SunpleNo Q C C o d e Q C P m  Type 

SS403293 SS40048AE REAL TRG 
ss403393 ss40049AE REAL TRG 
SS403493 SS40050AE REAL TRG 
SS403593 SS40051AE REAL TRG 
SS403693 SSW52AE REAL TRG 

40093 ss4oo6oAE REAL TRG 
40193 SS40485AE REAL TRG 
40293 SS40042AE REAL TRG 
40393 ss40053AE REAL TRG 
40593 ss40054AE REAL TRG 
40693 SS40057AE REAL TRG 
40793 SS40058AE REAL TRG 
40893 SS40004AE REAL TRG 
40993 SS40072AE REAL SS40412AE TRG 
40993 SS40412AE DUP SS40072AE TRG 
41193 SS40007AE REAL TRG 
41293 SS40071AE REAL TRG 
41693 SS40410AE REAL TRG 
41793 SS40077AE REAL REX 
41793 SS40069AE DUP SS40077AE REX 
41893 SS40003AE REAL TRG 
41993 SS40009AE REAL REX 
42093 SS40480AE REAL TRG 
42093 SS40013AE DUP SS40480AE TRG 
42293 SS40078AE REAL TRG 
42393 SS40079AE REAL TRG 
42693 SS4008Oa REAL TRG 
42993 SS40056AE REAL TRG 
43193 SS40084AE REAL REX 
43293 SS40006AE REAL REX 
43493 SS40086AE REAL TRG 
43593 SS40061AE REAL TRG 
43793 SS40088AE REAL TRG 
43893 SS4001OAE REAL TRG 
43993 SS40091AE REAL TRG 
44093 ss40090AE REAL REX 
44193 SS40011AE REAL TRG 
44393 SS40005AE REAL TRG 
44793 SS40055AE REAL REX 
44893 SS40070AE REAL TRG 
45693 SS40094AE REAL TRG 
45793 SS40015AE REAL TRG 
46193 SS40096AE REAL TRG 

- - 

SS400193 
SS400293 
SS400393 
SS400493 
SS400593 
SS400693 
SS400793 
SS400893 
SS400993 
SS401093 
SS401193 
SS401293 
SS401393 
SS401493 
SS401593 
SS401693 
SS40 1793 
SS401893 
SS401993 
SS402093 
SS402 193 

SS40017AE REAL. 
SS40018AE REAL 
SS40019AE REAL 
ss40020AE REAL 
ss40021AE REAL. 
ss40022AE REAL 
SS40023AE REAL 
SS40024AE REAL 
SS40025AE REAL 
SS40026AE REAL 
SS40027AE REAL 
SS40028AE REAL 
SS40029AE REAL 
SS40030AE REAL 
SS40031AE REAL 
SS40032AE REAL 
SS40033AE REAL 
SS40034AE REAL 
SS40035AE REAL 
SS40036AE REAL 
SS40037AE REAL 

* Ccdcsvc cxp l lmd lnTaMc 111 3 6-1 
60 wql 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

chanrc;ll 

BENZO@u)PERY LENE 
BENZ0cgtu)PERY LENE 
BENZO(gtu)PERYLENE 
BENZ0cgtu)PERY LENE 
BENZO(&)PERYLENE 
BENZO(&)PERY LENE 
BENZO#u)PERYLENE 
BENZO(&)PERYLENE 
BENZO(ghr)PERY LENE 
BENZO(ghr)PERY LENE 
BENZO(ghu)PERYLENE 
BEN2qglu)PERYLENE 
BENZO(ghr)PERYLENE 
BENZO(gtu)PERYLENE 
BENZO(&)PERY LENE 
BEN2qglu)PERYLENE 
BENZO(&)PERY LENE 
BENZO(&)PERY LENE 
BEN2qglu)PERYLENE 
BEN2qgtu)PERY LENE 
BEN2qgtu)PERY LENE 
BENZO(glu)PERYLENE 
BENzo(ghl)PERYLENE 
BENZO(*)PERY LENE 
BENZO(glu)PERY LENE 
BEN2qglu)PERYLENE 
BENZO(gtu)PERY LENE 
BENZO(gtu)PERY LENE 
BENZO(glu)PERY LENE 
BENZO(gtu)PERY LENE 
BENZO(gtu)PERY LENE 
BEN2qgIu)PERY LENE 
BENZO(gh)PERYLENE 
BENZqgh)PERY LENE 
BENZq@)PERY LENE 
BEN2qglu)PERY LENE 
BEN2qgb)PERYLENE 
BENZO(@)PERY LENE 
BENZqglu)PERY LENE 
BEN2qghi)PERY LENE 
BENZO(ghl)PERYLENE 
BEN2qglu)PERY LENE 
BEN2qglu)PERY LENE 

BENZO(k)FLUORA"ENE 
BENZO(k)FLUORANTHENE 
BEN2qk)FLUORA"ENE 
BENZqk)FLUORANTHENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BEN2qk)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BEN2qk)FLUORA"ENE 
BENZO(k)FLUORANTHENE 
BENZqk)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 

BENZO(k)FLUORANTHENE 

- 

B&NZO(~)FLUORANTHENE 

II 3 I88 

Result Umts Qual* Valid.* 

84 UGKG J A 
630 UGKG U V 
420 UGKG U V 
390UGKG U V 
170 UGKG J A 
480 UGKG U V 
460 UGKG U V 
450 UGKG U V 
440UGKG U V 
46OUGKG U V 
410UGKG J A 
400 UGKG J A 
400UGKG U V 
260 UGKG J A 
280UGKG J A 
120 UGKG J A 
740 UGKG U JA 

55 UGXG J A 
390 UGKG U JA 
380 UGKG U JA 
110 UGKG J A 
82 UGKG J A 

350 UGXG U V 
340 UGKG U JA 
380 UGKG U JA 
200 UGKG J A 
520 UGKG U JA 

55 UG/KG J A 
360 UGKG U JA 
520 UGKG JA 
380 UGKG U JA 

71 UGKG J A 
54 UGKG J A 
87 UG/KG J A 

380 UGKG U V 
400UGKG U JA 
360 UGKG U V 

81 UGKG J A 
440 UGXG U JA 
440 UGKG U JA 
160 UGKG J A 
500UGKG U V 
420 UGKG U V 

---_I 

370 UG/KG U V 
330 UGKG JX R 
430 UGKG X JA 

1500 UGKG X JA 
42 UGKG J A 
78 UGKG JX A 

130 UGKG JX R 
110 UG/KG JX A 

3700 UGKG X JA 
190 UGKG JX R 
86 UG/KG JX A 

360 UG/KG U V 
470 UG/KG U V 
110 UG/KG JX R 
630 UGKG X R 
210 UG/KG JX A 
850 UG/KG X JA 
300 UGlKG JX A 
300 UGKG Jx R 
80 UG/KG JX A 

1900 UG/KG X JA 

Detect 
Lumt 

440 
630 
420 
390 
390 
480 
460 
450 
440 
460 
600 
590 
330 
390 
400 
500 
740 
450 
390 
380 
400 
400 
350 
340 
380 
360 
520 
370 
360 
420 
3 80 
350 
380 
400 
380 
400 
360 
380 
440 
440 
480 
500 
420 

3 70 
460 
350 
380 
340 
360 
3 80 
460 
380 
360 
480 
360 
470 
380 
430 
360 
390 
3 80 
400 
400 
390 
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TABLE Il.33-6 

SuRFIclALSoIL 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Reaylt 
Locatam SampleNo QCCodeQCPartna Type chermcal Result Umts Qual* Valid* Luna - --_I-- 

SS402293 SS40038AE REAL 
55402293 SS40016AE DUP 
SS402393 SS40039AE REAL 
55402493 SS40040AE REAL 
SS402593 SS40041AE REAL 
SS402693 SS40199AE REAL 
SS402793 SS40043AE REAL 
SS402893 SS40044AE REAL 
SS402993 SS4004SAE REAL 
SS403093 SS40046AE REAL. 
39403193 SS40047AE REAL 
SS403293 SS40048AE REAL 
SS403393 SS40049AE REAL 
ss403493 ss4005oAE REAL 
ss403593 ss40051AE REAL 
SS403693 SS40052AE REAL 

40093 SS40060AE REAL 
40193 SS40485AE REAL 
40293 SS40042AE REAL 
40393 ss40053AE REAL 
40593 ss40054AE REAL 
40693 SS40057AE REAL 
40793 SS40058AE REAL 
40893 SS40004AE REAL 
40993 SS40072AE REAL 
40993 SS40412AE DUP 
41193 SS40007AE REAL 
41293 SS40071AE REAL 
41693 SS40410AE REAL 
41793 SS40077AE REAL 
41793 SS40069AE DUP 
41893 SS40003AE REAL 
41993 SS40009AE REAL 
42093 SS40480AE REAL 
42093 SS40013AE DUP 
42293 SS40078AE REAL 
42393 SS40079AE REAL 
42693 SS4008OAE REAL 
42993 SS40056AE REAL 
43193 SS40084AE REAL 
43293 SS40006AE REAL 
43493 SS40086AE REAL 
43593 SS40061AE REAL 
43793 SS40088AE REAL 
43893 SS4001OAE REAL 
43993 SS40091AE REAL 
44093 SS40090AE REAL. 
44193 SS40011AE REAL 
44393 ss40005AE REAL 
44793 ss40055AE REAL 
44893 SS40070AE REAL 
45693 SS40094AE REAL 
45793 ss4001sAE REAL 
46193 SS40096AE REAL 

SS400193 
SS400293 
SS400393 
SS400493 
SS400593 
SS400693 
SS400793 
SS400893 
SS400993 
SS401093 

SS40017AE REAL 
SS40018AE REAL 
SS40019AE REAL 
ss40020AE REAL 
SS40021AE REAL 
SS40022AE REAL 
SS40023AE REAL 
SS40024AE REAL 
SS40025AE REAL 
SS40026AE REAL 

TRG 
SS40038AE TRG 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40412AE TRG 
SS40072AE TRG 

TRG 
TRG 
TRG 
REX 

SS40077AE REX 
TRG 
REX 
TRG 

SS40480AE TRG 
TRG 
TRG 
TRG 
TRG 
REX 
REX 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 
TRG 
TRG 
REX 
TRG 
TRG 
TRG 
TRG 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

BENZO@)FLUORANTHENE 
BENZO(k)FL.UORANTHENE 
BENZO(k)FLUORANT"E 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FL.LJORA"ENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORA"HENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FL.UORA"ENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORA"HENE 
BENZO(k)FLUORAIVI"ENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORA"ENE 
BENW)FLUORANTHENE 
BENZO(k)FL.UORA"ENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORA"ENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(k)FLUORANTHENE 

BIS(2-ETHYLHEXYL)PHTHALAT 
BIS(2-ETHYLHEXYL)PHTHALAT 
BIS(2-ETHYLHEXYL)PHTHALAT 
BIS(2-ETHY LHEXYL)PHTHALAT 
BIS(2-ETHYLHEXYL)PHTHALAT 
BIS(2-ETHY LHEXYL)PHTHALAT 
BIS(2-ETHY LHEXYL)PHTHALAT 
BIs(2-ETHYLHEXYL)PHTHALAT 
BIS(2-ETHYLHEXYL)PHTHALAT 
BIS(2-ETHYLHEXYL)PHTH ALAT 

I1 3 189 

1OOUGKG JX 
360 UGKG U 
240UGKG JX 
78 UGKG JX 

44OUGKG U 
380 UGKG JX 
280 UGKG J 
81 UGKG J 
32 UGKG JX 

110 UGKG J 
46OUGKG U 
75 UGKG J 

110 UGKG JX 
62 UGKG JX 
SO UGKG JX 

130 UGKG J 
480 UGKG U 
460 UGKG U 
450 UGKG U 

46OUGKG U 
1100 UGKG X 
1100 UGKG X 
400 UGKG U 
700 UG/KG X 
850 UGKG X 
330 UGKG JX 
46OUGKG JX 
14OUGlKG JX 
220 UGKG JX 
250 UGKG JX 
300 UGKG JX 
360 UGKG JX 

59 UGKG JX 
340UGKG U 
380 UGKG U 
450 UGKG X 
IS0 UGKG JX 
150 UGKG IX 
120 UGKG JX 

2200 UGKG X 
380 UGKG U 
190 UGKG JX 
130 UGKG JX 
220 UGKG JX 
380 UG/KG U 
100 UG/KG JX 
360 UGKG U 
160 UG/KG JX 
89 UG/KG JX 

440 UGKG U 
340UGKG JX 
970 UGKG X 
170 UGKG JX 

85 UGKG JX 

79 UG/KG J 

350 UG/KG U 
380 UG/KG U 
340 UG/KG U 
360 UGKG U 
66 UG/KG J 

460 UGKG U 
380 UG/KG U 
43 UG/KG J 

3300 UG/KG 

R 
V 
A 
A 
V 
A 
A 
A 
A 
A 
V 
A 
A 
A 
A 
A 
V 
V 
V 
A 
V 
JA 
JA 
V 
JA 
JA 
A 
A 
A 
A 
A 
A 
A 
A 
JA 
JA 
JA 
A 
A 
A 
JA 
JA 
A 
A 
A 
V 
A 
V 
A 
A 
JA 
A 
JA 
A 

A 
V 
JA 
V 
JA 
JA 
A 
V 
V 
A 

350 
360 
380 
440 
440 
380 
370 
350 
340 
700 
460 
440 
630 
420 
390 
390 
480 
460 
450 
440 
460 
600 
590 
330 
390 
400 
500 
740 
450 
390 
380 
400 
400 
350 
340 
380 
360 
520 
370 
360 
420 
380 
350 
380 
400 
380 
400 
360 
380 
440 
440 
480 
500 
420 

370 
460 
350 
380 
340 
360 
380 
460 
380 
360 

OU4 pmpmed IM/IRA EA Daum Daauncnt 
FekvUy10 1995 



TABLE IU.2-6 

SURFICIAL SOIL 

I 

ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

RCSUlt Daea 
Locatton SamplcNo QCCodeQCPutna Type Chcmd Result Umb Qual' Valid* Lmut 

SS401193 SS40027AE REAL 
SS401293 SS40028AE REAL 
SS401393 SS40029AE REAL 
SS401493 SS40030AE REAL 
SS401593 SS40031AE REAL 
S5401693 SS40032AE REAL 
SS401793 SS40033AE REAL 
SS401893 SS40034AE REAL 
SS401993 SS40035AE REAL 
SS402093 SS40036AE REAL 
SS402193 SS40037AE REAL 
SS402293 SS40038AE REAL 
SS402293 SS40016AE DUP 
SS402393 SS40039AE REAL 
SS402493 SS40040AE REAL 
SS402593 SS40041AE REAL 
SS402693 SS40199AE REAL 
SS402793 SS40043AE REAL 
SS402893 SS40044AE REAL 
SS402993 SS40045AE REAL 
SS403093 SS40046AE REAL 
SS403193 SS40047AE REAL 
SS403293 SS40048AE REAL 
SS403393 SS40049AE REAL 
SS403493 SS40050AE REAL 
SS403593 SS40051AE REAL 
SS403693 SS40052AE REAL 

40093 SS4006OAE REAL 
40193 SS40485AE REAL 
40293 SS40042AE REAL 
40393 SS40053AE REAL 
40593 SS40054AE REAL 
40693 SS40057AE REAL 
40793 SS40058AE REAL 
40893 SS40004AE REAL 
40993 SS40072AE REAL 
40993 SS40412AE DUP 
41193 SS40007AE REAL 
41293 SS40071AE REAL 
41693 SS40410AE REAL 
41793 SS40077AE REAL 
41793 SS40069AE DUP 
41893 SS40003AE REAL 
41993 SS40009AE REAL 
42093 SS40480AE REAL 
42093 SS40013AE DUP 
42293 SS40078AE REAL 
42393 SS40079AE REAL 
42693 SS40080AE REAL 
42993 SS40056AE REAL 
43193 SS40084AE REAL 
43293 SS40006AE REAL 
43493 SS40086AE REAL 
43593 SS40061AE REAL 
43793 SS40088AE REAL 
43893 SS4001OAE REAL 
43993 SS40091AE REAL 
44093 SS40090AE REAL 
44193 SS40011AE REAL 
44393 SS40005AE REAL 
44793 ss40055AE REAL 
44893 SS40070AE REAL 
45693 SS40094AE REAL 
45793 SS40015AE REAL 
46193 SS40096AE REAL 

e 
* Codu a n  cxplancd m Table 111 3 6-1 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40038AE TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40412AE TRG 
SS40072AE TRG 

TRG 
TRG 
TRG 
REX 

SS40077AE REX 
TRG 
REX 
TRG 

SS40480AE TRG 
TRG 
TRG 
TRG 
TRG 
REX 
REX 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 
TRG 
TRG 
REX 
TRG 
TRG 
TRG 
TRG 

BIS(2-ETHYLHEXYL)PHTHALAT 
BIS(2-ET"nm)PHTHALAT 
BIs(2-ETHYLHEXYL)PHTHALAT 
BIS(2-ETHYLHEXYL)PHTIMLAT 
BIS(2-ETHY LHEXYL)PHTHALAT 
BIS(2-ETHYLHEXYL)PHTHALAT 
BIS(2-ET"EXYL)PHTHALAT 
BIS(2-ETHYLHEXYL)P"ALAT 
BIS(2-ETHY LHEXYL)PHTHALAT 
BIS(2-ETHYLHEXYL)P"ALAT 
BIS(2-ETHYLHEXYL)PHTHALAT 
BIS(2-ETHY LHEXYL)PHTHALAT 
BIS(2-ETHYLHEXYL)PHTHALAT 
BIS(2-ET"EXYL)PHTHALAT 
BIS(2-ETHYLHEXYL)PHTHALAT 
BIS(2-ETHY LHEXYL)PHTHALAT 
BIS(2-ETHY LHEXYL)PHTHALAT 
BIS(2-ETHY LHEXYL)PHTHALAT 
BIS(2-ETHYLHEXYL)PHTHALAT 
BIS(2-ETHY LHEXYL)PHTHALAT 
BIS(2-ETHYLHEXYL)PHTHALAT 
BIS(2-ETHYLHEXYL)PHTHALAT 
BIS(2-ETHYLHEXYL)PHTHALAT 
BIS(2-ETHY LHEXYL)PHTHALAT 
BIS(2-ETHY LHEXYL)PHTHALAT 
BIS(2-ETHY LHEXYL)P"ALAT 
BIS(2-ETHYLHEXYL)PHTHALAT 
BIS(2-ETHY LHEXYL)PHTHALAT 
BIS(2-ETHY LHEXYL)PHTHALAT 
BIS(2-ETHYLH EXYL)PHTHALAT 
BIS(2-ETHYLHEXYL)PHTH ALAT 
BIS(2-ETHY LHEXYL)PHTHALAT 
BlS(2-ETHY LHExyL)PHTHALAT 
BIS(2-ETHYLHEXYL)PHTHALAT 
BIS(2-ETHY LHEXYL)PHTHALAT 
BIS(2-ETHY LHEXYL)PHTHALAT 
BIS(2-ETHYLHEXYL)PHTHALAT 
BIS(2-ETHYLHEXYL)PHTHALAT 
BIS(2-ETHY LHExyL)PHTHALAT 
BIS(2-ETHY LHExyL)PHTHALAT 
BIS(2-ETHY LHEXYL)PHTHALAT 
BIS(2-ETHYLHEXYL)PHTHALAT 
BIS(2-ETHYLHEXYL)PHTHALAT 
BIS(2-ETHYLHEXYL)P"ALAT 
BIS(2-ETHY LHEXYL)PHTHALAT 
BIS(2-ETHY LHEXYL)PHTHALAT 
BIS(2-ETHYLHEXYL)PHTHALAT 
BIS(2-ETHYLHEXYL)PHTH ALAT 
BIS(2-ETHY LHEXYL)PHTHALAT 
BIS(2-ETHY LHEXYL)PHTHALAT 
BIS(2-ETHYLHEXYL)PHTHALAT 
BIS(2-ETHY LHEXYL)PHTH ALAT 
BIS(2-ETHY LHEXYL)PHTHALAT 
BIS(2-ETHYLHEXYL)PHTHALAT 
BIS(2 ETHYLHEXYL)PHTHALAT 
BlS(2 ETHYLHEXYL)PHTHALAT 
BIS(2 ETHYLHEXYL)PHTHALAT 

BIS(2 ETHYLHEXYL)PHTHALAT 
BlS(2 ETHYLHEXYL)PHTHALAT 

BIS(2 ETHYLHEXYL)PHTHALAT 
BIS(2 ETHYLHEXYL)PHTHALAT 
BIS(2 ETHYLHEXYL)PHTHALAT 

BlS(2-ETHYLHEXYL)PHTHALAT 

BIS(2-ETHYLHEXYL)PHTHHALAT 

BlS(2-ETHY LHEXYL)PHTHALAT 

I1 3 IW 

68 UGKG J 
360 UGKG U 
470 UGKG U 
68 UGKG J 

430 UGKG U 
42 UGKG J 

270 UGKG J 
740 UGKG 
540 UGKG 
45 UGKG J 

270 UGKG J 
43 UGKG J 

360 UGKG U 
380 UGKG U 
440UGKG U 
440UGKG U 
340UGKG J 
370 UGKG U 
350 UGKG U 
340UGKG U 

21000 UGKG BE 
460UGKG U 
440 UG/KG U 
630 UGKG U 
420 UG/KG U 
44 UG/KG J 

180 UGKG J 
480 UG/KG U 

59 UGKG J 
75 UGKO J 
460 UG/KG U 
110 UGKG J 
160 UGKG J 
40OUGKG U 
110 UGKG J 
120 UGKG J 
74 UGKG J 

260 UGKG J 
450 UGKG U 
130 UGKG J 
160 UGKG J 

400 UG/KG U 
200 UGKG J 
130 UGKG J 
380 UGKG U 
360 UGKG U 
130 UGKG J 
81 UG/KG J 

1 100 UG/KG 

4000 UGKG 

1000 UGKG 
600 UGKG 
42 UGKG J 
89 UGKG J 
56 UGKG J 

160 UG/KG J 
44 UG/KG J 
69 UG/KG J 

2600 UG/KG 
3800 UG/KG 
3600 UGIKG 
440 UGlKG U 
73 UG/KG J 

180 UG/KG J 
480 UG/KG 

A 
v 
V 
A 
V 
A 
A 
V 
V 
A 
A 
A 
V 
V 
V 
V 
A 
JA 
JA 
JA 
A 
JA 
JA 
JA 
V 
A 
A 
V 
V 
A 
A 
V 
A 
A 
V 
A 
A 
A 
A 
V 
A 
A 
V 
V 
A 
A 
JA 
JA 
A 
A 
V 
JA 
A 
A 
A 
A 
A 
A 
V 
V 
V 
V 
A 
A 
V 

480 
360 
470 
380 
430 
360 
390 
380 
400 
400 
390 
350 
360 
3 80 
440 
440 
380 
3 70 
350 
340 
700 
460 
440 
630 
420 
390 
390 
480 
460 
450 
440 
460 
600 
590 
330 
390 
400 
500 
740 
450 
390 
380 
400 
400 
350 
340 
3 80 
360 
520 
370 
360 
420 
380 
350 
380 
400 
3 80 
400 
360 
380 
440 
440 
480 
500 
420 



TABLE a336 

suRFIclALsoIL 
ORGANIC POTENTLAL CONTAMINANTS OF CONCERN 

Rault 
Locat~on SampleNo QCCodeQCPartner Type Chcmcd Result Umts Qual* Valid* - -I__-- 

SS400193 SS40017AE REAL 
89400293 SS40018AE REAL 
SS400393 SS40019AE REAL 
SS400493 SS40020AE REAL 
ss400593 ss40021AE REAL 
ss400693 ss40022AE REAL 
SS400793 SS40023AE REAL 
SS400893 SS40024AE REAL 
SS400993 SS40025AE REAL 
SS401093 SS40026AE REAL 
SS401193 SS40027AE REAL 
SS401293 SS40028AE REAL 
88401393 SS40029AE REAL 
SS401493 SS40030AE REAL 
SS401593 SS40031AE REAL 
SS401693 SS40032AE REAL 
SS401793 SS40033AE REAL 
SS401893 SS40034AE REAL 
SS401993 SS40035AE REAL 
SS402093 SS40036AE REAL 
SS402193 SS40037AE REAL 
SS402293 SS40038AE REAL 
SS402293 SS40016AE DUP 
SS402393 SS40039AE REAL 
SS402493 SS40040AE REAL 
SS402593 SS40041AE REAL 
SS402693 SS40199AE REAL 
SS402793 SS40043AE REAL 
SS402893 SS40044AE REAL 
SS402993 SS40045AE REAL 
SS403093 SS40046AE REAL 

I SS403193 SS40047AE REAL 
SS403293 SS40048AE REAL 
ss403393 ss40049AE REAL 
SS403493 SS40050AE REAL 
SS403593 SS40051AE REAL 
SS403693 SS40052AE REAL 

40093 SS4006OAE REAL 
40193 SS40485AE REAL 
40293 SS40042AE REAL 
40393 SS40053AE REAL 
40593 ss40054AE REAL 
40693 SS40057AE REAL 
40793 SS40058AE REAL 
40893 SS40004AE REAL 
40993 SS40072AE REAL 
40993 SS40412AE DUP 
41193 SS40007AE REAL 
41293 SS40071AE REAL 
41693 SS40410AE REAL 
41793 SS40077AE REAL 
41793 SS40069AE DUP 
41893 SS40003AE REAL 
41993 SS40009AE REAL 
42093 SS40480AE REAL 
42093 SS40013AE DUP 
42293 SS40078AE REAL 
42393 SS40079AE REAL 
42693 SS40080AE REAL 
42993 SS40056AE REAL 
43193 SS40084AE REAL 
43293 SS40006AE REAL 
43493 SS40086AE REAL 

l 43593 SS40061AE REAL 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40038AE TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40412AE TRG 
SS40072AE TRG 

TRG 
TRG 
TRG 
REX 

SS40077AE REX 
TRG 
REX 
TRG 

SS40480AE TRG 
TRG 
TRG 
TRG 
TRG 
REX 
REX 
TRG 
TRG 

CHRYSENE 
CHRY SENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRY SENE 
CHRYSENE 
CHRYSENE 
CHRY SENE 
CHRYSENE 
CHRY SENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRY SENE 
CHRY SENE 
CHRYSENE 
CHRY SENE 
CHRY SENE 
CHRYSENE 
CHRYSENE 
CHRY SENE 
CHRY SENE 
CHRYSENE 
CHRYSENE 
CHRY SENE 
CHRY SENE 
CHRYSENE 
CHRY SENE 
CHRYSENE 
CHRYSENE 
CHRY SENE 
CHRY SENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRY SENE 
CHRY SENE 
CHRY SENE 
CHRYSENE 
CHRY SENE 
CHRY SENE 
CHRYSENE 
CHRY SENE 
CHRY SENE 
CHRYSENE 
CHRYSENE 
CHRY SENE 
CHRYSENE 
CHRYSENE 
CHRY SENE 
CHRY SENE 
CHRY SENE 
CHRYSENE 
CHRY SENE 
CHRY SENE 
CHRYSENE 
CHRY SENE 
CHRY SENE 
CHRYSENE 
CHRYSENE 
CHRY SENE 

370 UGKG 
190 UGKG 
210 UGKG 
950 UGKG 
66 UGKG 
360 UGKG 
89 UGKG 
61 UGKG 

2200 UGKG 
120 UGKG 
480 UGKG 
360 UGKG 
470 UGKG 
62 UGKG 
390 UGKG 
120 UGKG 
470 UGKG 
170 UGKG 
160 UGKG 
42 UGKG 

1070 UGKG 
64 UG/KG 
360 UGKG 
140 UGKG 
44 UGKG 

440 UG/KG 
210 UGKG 
560 UGKG 
130 UGKG 
36 UGKG 

180 UGKG 
460 UG/KG 
120 UGKG 
630 UGKG 
420 UGKG 
390 UGKG 
220 UGKG 
480 UGKG 
460 UG/KG 
450 WGKG 
440 UGKG 
460 UGKG 
590 UGKG 
630 UGKG 
96 UGKG 
380 UGKG 
450 UGKG 
180 UGKG 
240 UG/KG 
78 UGKG 
110 UGKG 
160 UGXG 
150 UG/KG 
140 UG/KG 
350 UG/KG 
340 UG/KG 
380 UGKG 
260 UG/KG 
77 UG/KG 
75 UG/KG 
73 UG/KG 

1200 UG/KG 
380 UG/KG 
89 UG/KG 

u v  
J A 
J A  

V 
J A  
u v  
J A  
J A 

V 
J A 
u v  
u v  
u v  
J A  
J A 
J A 

V 
J A 
J A 
J A 

V 
J A 
u v  
J A 
J A  
u v  
J A 

V 
J A 
J A 
J A 
u v  
J A 
u v  
u v  
u v  
J A 
u v  
u v  
u v  
u v  
u v  
J A 

V 
J A 
J A 

V 
J A 
J A  
J A  
J A 
J A 
J A 
J A 
u v  
u v  
U JA 
J A 
J A 
J A 
J A 

JA 
U JA 
J A 

OU4 Prqmscd IMlIRA EA 
I1 3 191 

- 

370 
460 
350 
380 
340 
360 
380 
460 
380 
360 
480 
360 
470 
380 
430 
360 
390 
380 
400 
400 
390 
350 
360 
380 
440 
440 
380 
370 
350 
340 
700 
460 
440 
630 
420 
390 
390 
480 
460 
450 
440 
460 
600 
590 
330 
390 
400 
500 
740 
450 
390 
3 80 
400 
400 
350 
340 
380 
360 
520 
370 
360 
420 
380 
350 



TABLE XL33-6 

SURFICIALSOIL 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Raadt Detect 
-on SampleNo QCCodeQCPartncr Type Chcnud Rault U m  Qual* Valid* Lmut - ----- 

43793 SS40088AE REAL 
43893 ss4001oAE REAL 
43993 SS40091AE REAL 
44093 ss4009oAE REAL 
44193 SS40011AE REAL 
44393 ss40005AE REAL 
44793 ss40055AE REAL 
44893 SS40070AE REAL 
45693 SS40094AE REAL 
45793 SS40015AE REAL 
46193 SS40096AE REAL 

SS400193 SS40017AE REAL 
SS400293 SS40018AE REAL 
SS400393 SS40019AE REAL 
SS400493 SS40020AE REAL 
SS400593 SS40021AE REAL 
SS400693 SS40022AE REAL 
SS400793 SS40023AE REAL 
SS400893 SS40024AE REAL 
SS400993 SS40025AE REAL 
SS401093 SS40026AE REAL 
SS401193 SS40027AE REAL 
SS401293 SS40028AE REAL 
SS401393 SS40029AE REAL 
SS401493 SS40030AE REAL 
SS401593 SS40031AE REAL 
SS401693 SS40032AE REAL 
SS401793 SS40033AE REAL 
SS401893 SS40034AE REAL 
SS401993 SS40035AE REAL 
SS402093 SS40036AE REAL 
SS402193 SS40037AE REAL 
SS402293 SS40038AE REAL 
SS402293 SS40016AE DUP 
SS402393 SS40039AE REAL 
SS402493 SS40040AE REAL 
SS402593 SS40041AE REAL 
SS402693 SS40199AE REAL 
SS402793 SS40043AE REAL 
SS402893 SS40044AE REAL 
SS402993 SS40045AE REAL 
SS403093 SS40046AE REAL 
SS403193 SS40047AE REAL 
SS403293 SS40048AE REAL 
SS403393 SS40049AE REAL 
SS403493 SS40050AE REAL 
SS403593 SS40051AE REAL 
SS403693 SS40052AE REAL 

40093 SS40060AE REAL 
40193 SS40485AE REAL 
40293 SS40042AE REAL 
40393 SS40053AE REAL 
40593 SS40054AE REAL 
40693 SS40057AE REAL 
40793 SS40058AE REAL 
40893 SS40004AE REAL 
40993 SS40072AE REAL 
40993 SS40412AE DUP 
41193 SS40007AE REAL 
41293 SS40071AE REAL 
41693 SS40410AE REAL 
41793 SS40077AE REAL 
41793 SS40069AE DUP 
41893 SS40003AE REAL 

TRG 
TRG 
TRG 
REX 
TRG 
TRG 
REX 
TRG 
TRG 
TRG 
TRG 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40038AE TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40412AE TRG 
SS40072AE TRG 

TRG 
TRG 
TRG 
REX 

SS40077AE REX 
TRG 

CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRYSENE 
CHRY SENE 
CHRYSENE 
CHRY SENE 

DI-n-BUTYL PHTHALATE 

DI-n-BUTYL PHTHALATE 
D I a B U T n  PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
D1-n-BUTYL. PHTHALATE 

D1-n-BUTYL PHTHALATE 

D I a - B W L  PHTHALATE 
DI-WBUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DIa-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 

DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 

DIa-BUTYL PHTHALATE 

DI-*BUTYL PHTHALATE 
DIa-BUTYL PHTHALATE 
DIq-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATZ 

DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 

DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DIaBUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BWL PHTHALATE 

DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 

D1-n-BUTYL PHTHALATE 

DI-II-BUTYL PHTHALATE 

DI-*BUTYL PHTHALATE 

113 192 

69 UGKG J 
140UGKG J 
380 UGKG U 
58 UGKG J 
360 UGKG U 
82 UGKG J 

440UGKG U 
440UGKG U 
210 UGKG J 
570 UGKG 
% U G K G  J 

370 UGKG U 
460UGKG U 
350 UGKG U 
41 UGKG J 
65 UGKG J 
360 UGKG U 
380 UGKG U 
46OUGKG U 
49 UGKG J 
360 UGKG U 
480 UGKG U 
360 UGKG U 
470 UGKG U 
380 UGKG U 
430 UG/KG U 
360 UGKG U 
390 UGKG U 

40OUGKG U 
50 UGKG J 
53 UGKG J 
900 UGKG 
360 UGKG U 
380 UGKG U 
440UGKG U 
440UGKG U 
380 UGKG U 
370 UGKG U 
53 UGKG J 
51 UGKG J 
160 UGKG J 
460UGKG U 
440UGKG U 
67 UGKG J 
420 UGtKG U 
390 UGKG U 
390 UGKG U 
480 UG/KG U 
79 UGKG J 
450 UGKG U 
440 UGKG U 
460 UG/KG U 
66 UG/KG J 
80 UG/KG J 
400 UG/KG U 
43 UG/KG J 
52 UG/KG J 

500 UG/KG U 
96 UGlKG J 
450 UG/KG U 
390 UG/KG U 
380 UG/KG U 
400 UG/KG U 

1700 UGKG 

A 
A 
V 
A 
V 
A 
V 
V 
A 
V 
A 

V 
V 
V 
A 
A 
V 
V 
V 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
A 
V 
V 
V 
V 
V 
V 
V 
A 
A 
A 
V 
V 
A 
JA 
V 
V 
V 
A 
JA 
JA 
V 
A 
A 
V 
A 
A 
JA 
A 
V 
V 
V 
V 

380 
400 
380 
400 
360 
380 
440 
440 
480 
500 
420 

370 
460 
350 
3 80 
340 
360 
380 
460 
3 80 
360 
480 
360 
470 
380 
430 
360 
390 
3 80 
400 
400 
390 
350 
360 
380 
440 
440 
380 
370 
350 
340 
700 
460 
440 
630 
420 
390 
390 
480 
460 
450 
440 
460 
600 
590 
330 
390 
400 
500 
740 
450 
390 
3 80 
400 



TABLE IL3.2-6 

suRFIcIALson 
ORGANIC POTENTIAL CONTAMINANTS O F C O "  

Result 
Locat~on SampleNo QCCodeQCPattncr Type 

41993 SS40009AE REAL REX 
42093 SS40480AE REAL TRG 
42093 SS40013AE DUF' SS40480AE TRG 
42293 SS40078AE REAL TRG 
42393 SS40079AE REAL TRG 
42693 SS40080AE REAL TRG 
42993 SS40056AE REAL TRG 
43193 SS40084AE REAL REX 
43293 SS40006AE REAL REX 
43493 SS40086AE REAL TRG 
43593 SS40061AE REAL TRG 
43793 SS40088AE REAL TRG 
43893 SS4001OAE REAL TRG 
43993 SS40091AE REAL TRG 
44093 SS40090AE REAL REX 
44193 SS40011AE REAL TRG 
44393 SS40005AE REAL TRG 
44793 ss40055AE REAL REX 
44893 SS40070AE REAL TRG 
45693 SS40094AE REAL TRG 
45793 SS40015AE REAL TRG 
46193 SS40096AE REAL TRG 

- 

I SS400193 SS40017AE REAL 
SS400293 SS40018AE REAL 
SS400393 SS40019AE REAL 
SS400493 SS40020AE REAL 
SS400593 SS40021AE REAL 
88400693 SS40022AE REAL 
SS400793 SS40023AE REAL 
SS400893 SS40024AE REAL 
SS400993 SS40025AE REAL 
SS401093 SS40026AE REAL 
SS401193 SS40027AE REAL 
SS401293 SS40028AE REAL 
SS401393 SS40029AE REAL 
SS401493 SS40030AE REAL 
SS401593 SS40031AE REAL 
SS401693 SS40032AE REAL 
SS401793 SS40033AE REAL 
SS401893 SS40034AE REAL 
SS401993 SS40035AE REAL 
SS402093 SS40036AE REAL 
SS402193 SS40037AE REAL 
SS402293 SS40038AE REAL 
SS402293 SS40016AE DUP 
SS402393 SS40039AE REAL 
SS402493 SS40040AE REAL 
SS402593 SS40041AE REAL 
SS402693 SS40199AE REAL 
SS402793 SS40043AE REAL 
SS402893 SS40044AE REAL 
SS402993 SS40045AE REAL 
SS403093 SS40046AE REAL 
SS403193 SS40047AE REAL 
SS403293 SS40048AE REAL 
SS403393 SS40049AE REAL 
SS403493 SS40050AE REAL 
SS403593 SS40051A.E REAL 
SS403693 SS40052AE REAL 

40093 SS40060A.E REAL 
40193 SS40485AE REAL 
40293 SS40042AE REAL 
40393 SS40053A.E REAL 
40593 SS40054AE REAL 

a 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40038AE TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

C k 4  

DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 

DIn-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 

DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 

DI-*BUTYL PHTHALATE 

Dh-BUTYL PHTHALATE 

DI-*BUTYL PHTHALATE 
D1-n-BUTYL PHTHALATE 
Dh-BUTYL PHTHALATE 
DI-*BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
DI-n-BUTYL PHTHALATE 
D1-n-BUTYL PHTHALATE 

DI-n-BUTYL PHTHALATE 
DI-*BUTYL PHTHALATE 

D1-n-BUTYL PHTHALATE 
DI-II-BLJTYL PHTHALATE 
DIa-BUTYL PHTHALATE 
DI-wBUTYL PHTHALATE 

FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 

Result Umts Qual* Valid* ----- 
400UGKG U V 
36 UGKG J A 

3 4 0 U G K G  U V 
380 UGKG U JA 
3 6 0 U G X G  U JA 
62 UGXG J A 

370 UGKG U V 
55 UGKG J A 
79 UGKG J A 

380 UGKG U JA 
39 UGKG J A 

380 UGKG U V 
900 U W G  V 
380 UGKG U V 
400UGKG U V 

91 UGKG J A 
730 UGKG V 
440UGKG U V 
44OUGKG U V 
120 UGKG J A 
104 UGKG J A 
93 UGKG J A 

54 UGKG 
320 UG/KG 
340 UGKG 

1700 UGKG 
108 UG/KG 
47 UG/KG 

200 UGKG 
110 UGKG 

4700 UGKG 
270 UG/KG 

65 UGKG 
360 UGKG 
470 UGKG 
110 UGKG 
710 UGKG 
250 UGKG 
920 UGKG 
310 UG/KG 
300 UGKG 
90 UGKG 

2100 UGKG 
150 UGKG 
74 UGKG 

310 UGKG 
92 UGKG 

440 UGKG 
370 UGKG 

1000 UGKG 
210 UGKG 

63 UGKG 
300 UGXG 
460 UGKG 
220 UGKG 
98 UG/KG 
43 UG/KG 
40 UG/KG 
200 UGKG 
480 UG/KG 
460 UGlKG 
450 UGKG 

70 UG/KG 
460 UGKG 

J A 
J A  
J A 

V 
J A  
J A  
J A 
J A 

V 
J A 
J A 
u v  
u v  
J A 

V 
J A 

V 
J A 
J A 
J A 

V 
J A 
J A 
J A 
J A 
u v  
J A 

V 
J A 
J A 
J A 
u v  
J A 
J A 
J A 
J A 
J A 
u v  
u v  
u v  
J A 
u v  

Deted 
Luna 

400 
350 
340 
380 
360 
520 
370 
360 
420 
380 
350 
380 
400 
3 80 
400 
360 
3 80 
440 
440 
480 
500 
420 

- 

370 
460 
350 
380 
340 
360 
380 
460 
380 
360 
480 
360 
470 
380 
430 
360 
390 
380 
400 
400 
390 
350 
360 
380 
440 
440 
380 
370 
350 
340 
700 
460 
440 
630 
420 
390 
390 
480 
460 
450 
440 
460 

* Codes arc cxpiwrd M TaMc 111 3 6- I I 33q 6owql II 3 193 

I_- 

OU4 Proposed IMllRA EA 



I TABLE IL33-6 

SURFICIAL SOIL 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

RWlt 
Locahon SanrpleNo QCCodeQCPartna - 

40693 ss40057AE REAL 
40793 SS40058AE REAL 
40893 SS40004AE REAL 
40993 SS40072AE REAL SS40412AE 
40993 SS40412AE DUP SS4007ZAE 
41193 SS40007AE REAL 
41293 SS40071AE REAL 
41693 SS40410AE REAL 
41793 SS40077AE REAL 
41793 SS40069AE DUP SS40077AE 
41893 SS40003AE REAL 
41993 SS40009AE REAL 
42093 SS40480AE REAL 
42093 SS40013AE DUP SS40480AE 
42293 SS40078AE REAL 
42393 SS40079AE REAL 
42693 SS40080AE REAL 
42993 SS40056AE REAL 
43193 SS40084AE REAL 
43293 SS4OOO6AE REAL 
43493 SS40086AE REAL 
43593 SS40061AE REAL 
43793 SS40088AE REAL 
43893 SS4001OAE REAL 
43993 SS40091AE REAL 
44093 ss40090AE REAL 
44193 SS40011AE REAL 
44393 SS40005AE REAL 
44793 ss40055AE REAL 
44893 SS40070AE REAL 
45693 SS40094AE REAL 
45793 SS40015AE REAL 
46193 SS40096AE REAL 

SS400193 
SS400293 
SS400393 
ss400493 
SS400593 
SS400693 
SS400793 
SS400893 
ss400993 
SS401093 
SS401193 
SS401293 
SS401393 
SS401493 
SS401593 
SS401693 
SS401793 
SS401893 
SS40 1993 
SS402093 
SS402193 
SS402293 
SS402293 
SS402393 
SS402493 
SS402593 
SS402693 
SS402793 
SS402893 
SS402993 

I SS403093 

SS40017AE REAL 
SS40018AE REAL 
SS40019AE REAL 
ss40020AE REAL 
ss40021AE REAL 
ss40022AE REAL 
SS40023AE REAL 
SS40024AE REAL 
SS40025AE REAL 
SS40026AE REAL 
SS40027AE REAL 
SS40028AE REAL 
SS40029AE REAL 
SS40030AE REAL 
SS40031AE REAL 
SS40032AE REAL 
SS40033AE REAL 
ss40034AE REAL 
SS40035AE REAL 
SS40036AE REAL 
SS40037AE REAL 
SS40038AE REAL 
SS40016AE DUP 
SS40039AE REAL 
SS40040AE REAL 
SS40041AE REAL 
SS40199AE REAL 
SS40043AE REAL 
SS40044AE REAL 
SS40045AE REAL 
SS40046AE REAL 

Type 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 
REX 
TRG 
REX 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 
REX 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 
TRG 
TRG 
REX 
TRG 
TRG 
TRG 
TRG 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40038AE TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

chanrcal 

FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
F L U O W E N E  
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FLUORANTHENE 
FL.UORANTHENE 
FLUORANTHENE 

INDENo(l.2.3cd)PYRENE 
INDENO(l,2,3cd)PYRENE 
INDENo(l,2,3d)PYRENE 
INDENO(1,2,3d)PYRENE 
INDENO(l,2,3cd)PYRENE 
INDENO( 1,2,3d)PYRENE 
INDENq 1,2,3d)PYRENE 
INDEN0(1,2,3d)PYRENE 
INDENq 1,2,3cd)PYRENE 
INDENO( 1.2,3-cd)PYRENE 
INDEN0(1,2,3cd)PYRENE 
INDENq 1,2,3d)PYRENE 
INDENq 1,2,3cd)PYRENE 
INDENO( 1,2,3cd)PYRENE 
INDENO(1,Z 3cd)PYRENE 
INDENO( 1,2,34)PYRENE 
INDENO(l,2,3cd)PYRENE 
INDENO(l,2,3d)PYRENE 
INDENq 1,2,3cd)PYRENE 
INDENO( 1,2,34)PYRENE 
INDENq 1,2,3d)PYRENE 
INDEN0(1,2 3-cd)PYRENE 
INDENO( 1,2,3cd)PYRENE 
INDENO(l2,3d)PYRENE 
lNDENO(1,Z 3cd)PYRENE 
INDENq 1 2.3cd)PY RENE 
INDENO(l2,3-cd)PYRENE 
INDENq 1,2,3cd)PY RENE 
INDENO(12,3d)PYRENE 
INDENO(I.2 3d)PYRENE 
INDENq 1,2,34)PYRENE 

Result Umts -- 
1200 UGKG 
1400 UGKG 
190 UGKG 
770 UGKG 
800 UGKG 
370 UGKG 
430 UGKG 
140 UGKG 
220 UGKG 
220 UGKG 
270 UGXG 
290 UGKG 
48 UGKG 

340 UGKG 
380 UGKG 
500 UGKG 
130 UGKG 
150 UGKG 
130 UGKG 

3000 UGKG 
380 UG/KG 
130 UGKG 
120 UGKG 
280 UGKG 
380 UGKG 
110 UGKG 
52 UGKG 

160 UGKG 
72 UGKG 

440 UGKG 
540 UGKG 

1100 UGKG 
190 UGKG 

370 UGKG 
110 UGKG 
210 UGKG 
650 UGKG 
73 UGKG 

360 UGKG 
42 UGKG 
61 UGKG 

1600 UGKG 
74 UGKG 
51 UGKG 

360 UGKG 
470 UGKG 
380 UGKG 
270 UGKG 
90 UGKG 

300 UGKG 
140 UG/KG 
120 UG/KG 
43 UGKG 

930 UGKG 
350 UGKG 
360 UG/KG 

87 UGKG 
440 UG/KG 
440 UG/KG 
170 UG/KG 
340 UG/KG 
150 UG/KG 
340 UG/KG 
110 UG/KG 

Qual* Valid* .-- 
V 
V 

J A 
V 
V 

J A  
J A  
J A 
J A  
J A  
J A  
J A  
J A  
U V  
U JA 

V 
J A  
J A 
J A  

JA 
U JA 
J A  
J A  
J A  
u v  
J A 
J A 
J A  
J A  
u v  

V 
V 

J A  

u v  
J A  
J A 

JA 
J A  
U JA 
J A 
J A  

J A 
J A 
u v  
u v  
u v  
J A 
J A 
J A 
J A  
J A 
J A 

u v  
u v  
J A 
u v  
u v  
J A 
J A 
J A 
u v  
J A 

JA 

JA 

Daea 
L d  

600 
590 
330 
390 
400 
500 
740 
450 
390 
3 80 
400 
400 
350 
340 
380 
360 
520 
370 
360 
420 
380 
350 
380 
400 
380 
400 
360 
380 
440 
440 
480 
500 
420 

- 

370 
460 
350 
3 80 
340 
360 
380 
460 
380 
360 
480 
360 
470 
380 
430 
360 
390 
380 
400 
400 
390 
3 50 
360 
380 
440 
440 
380 
370 
350 
340 
700 

II 3 I94 
OU4 Ropoacd IMIIRA EA 



TABLE Iu34 

SURFICIALSOIL 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

R d  
Locatron SampleNo Q C C o d e Q C P a h a  Type C k c a l  ReauE Umta Qual* Valid* L m t  

SS403193 SS40047AE REAL 
88403293 SS40048AE REAL 
ss403393 ss40049AE Rwu. 
ss403493 ss4005oAE REAL 
SS403593 SS40051AE REAL 
SS403693 SS40052AE REAL 

40093 ss4oO60AE REAL 
40193 SS40485AE REAL 
40293 SS40042AE REAL 
40393 ss40053AE REAL 
40593 ss40054AE REAL 
40693 SS40057AE REAL 
40793 SS40058AE REAL 
40893 SS40004AE REAL 
40993 SS40072AE REAL 
40993 SS40412AE DUP 
41193 SS40007AE REAL 
41293 SS40071AE REAL 
41693 SS4041OAE REAL 
41793 SS40077AE REAL 
41793 SS40069AE DUP 
41893 SS40003AE REAL 
41993 SS40009AE REAL 
42093 SS40480AE REAL 
42093 SS40013AE DUP 
42293 SS40078AE REAL 
42393 SS40079AE REAL 
42693 SS40080AE REAL 
42993 SS40056AE REAL 
43193 SS40084AE REAL 
43293 SS40006AE REAL 
43493 SS40086AE REAL 
43593 SS40061AE REAL 
43793 SS40088AE REAL 
43893 SS4001OAE REAL 
43993 SS40091AE REAL 
44093 SS40090AE REAL 
44193 SS40011AE REAL 
44393 ss40005AE REAL 
44793 ss40055AE REAL 
44893 SS40070AE REAL 
45693 SS40094AE REAL 
45793 ss40015AE REAL 
46193 SS40096AE REAL 

SS400193 
SS400293 
SS400393 
83400493 
ss400593 
SS400693 
SS400793 
SS400893 
SS400993 
SS40 1 093 
SS401193 
SS401293 
SS401393 
SS40 1493 
SS401593 
SS401693 
SS401793 
SS401893 
SS401993 
SS402093 

8 

SS40017AE 
SS400 18AE 
SS40019AE 
ss40020AE 
SS40021AE 
ss40022AE 
SS40023AE 
SS40024AE 
ss40025AE 
SS40026AE 
SS40027AE 
SS40028AE 
SS40029AE 
SS40030AE 
SS4003 1 AE 
SS40032AE 
ss40033AE 
SS40034AE 
SS40035AE 
SS40036AE 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40412AE TRG 
SS40072AE TRG 

TRG 
TRG 
TRG 
REX 

SS40077AE REX 
TRG 
REX 
TRG 

SS40480AE TRG 
TRG 
TRG 
TRG 
TRG 
REX 
REX 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 
TRG 
TRG 
REX 
TRG 
TRG 
TRG 
TRG 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

INDENO(192,3-cd)PYRENE 
INDENO(l.2.3d)PYRENE 
INDENo(1,2,3d)PYRENE 
INDENO(l.2.3d)PYRENE 
INDENO(l.2.3-cd)PYRENE 
fNDENO(l,2,3d)PYRENE 
INDENql,2.3-cd)PYRENE 
INDENq 1,2.3-cd)PYRENE 
INDENO(l.2.3-cd)PYRENE 
INDENq1,2,3d)PYRENE 
INDENq 1.2.3-cd)PYRENE 
lNDENO(1.2.3-cd)PYRENE 
INDENq 1,2,3-cd)PYRENE 
INDENq 1,2,3d)PYRENE 
INDENo(1,2,3+d)PYRENE 
INDENq 1,2,3cd)PYRENE 
INDENo(l,2,3-cd)PYRENE 
INDENO(l,2,3ul)PYRENE 
INDENo(l,2,3+d)PYRENE 
INDENq 1,2,3-cd)PYRENE 
INDEN0(1,2,3-cd)PYRENE 
lNDENO( 1.2.34)PYRENE 
INDEN0(1,2,3+d)PYRENE 
INDENo(l,2,3-cd)PYRENE 
INDEN0(1,2,34)PYRENE 
INDENO(l.2.3-cd)PYRENE 
INDENo(l.2.34)PYRENE 
INDENq 1,2,3-cd)PYRENE 
INDENO(l,2,3cd)PYRENE 
INDENq 1.2.3-cd)PYRENE 
INDENo(l,2,3+d)PYRENE 
INDENq 1.2.3-cd)PYRENE 
INDENo(l.2,3-cd)PYRENE 
INDENo(l,2,34)PYRENE 
INDENO( 1,2,3d)PYRENE 
INDENo(l.2.34)PYRENE 
INDENO(l,2,3-cd)PYRENE 
INDENO(l.2.34)PYRENE 
INDENO(l,2,3d)PYRENE 
INDENq 1,2,3Cd)PY RENE 
INDENq 1 ,2,3-cd)PY RENE 
INDEN0(1,2,3cd)PYRENE 
INDENO(I,2,3+d)PYRENE 
INDENq 1,2,3d)PYRENE 

PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 

II 3 1% 

46OUGKG U 
87 UGKG J 

630 UGKG U 
420 UGKG U 
390UGKG U 
150 UGKG J 
480 UGKG U 
46OUGKG U 
450 UGKG U 
440UGKG U 
460UGKG U 
480 UGKG J 
480 UGKG J 
76 UGKG J 

270 UGKG J 
340 UG/KG J 
140UGKG J 
740 UGKG U 
60 UG/KG J 

390 UGKG U 
380 UGKG U 
110 UGKG J 
90 UGKG J 

350 UGKG U 
340 UG/KG U 
380 UG/KG U 
210 UGKG J 
520 UG/KG U 
58 UGKG J 

360 UGKG U 
590 UGKG 
380 UGKG U 
70 UGKG J 
55 UGKG J 
99 UGKG J 

380 UGKG U 
400 UGKG U 
360 UGKG U 

77 UGKG J 
440UGKG U 
440UGKG U 
170 UGKG J 
410 UGKG J 
79 UGKG J 

41 UGKG J 
220 UGKG J 
310 UGKG J 

77 UGKG J 
40 UGIKG J 

190 UGKG J 
73 UGKG J 

190 UG/KG J 
480 UGKG U 
360 UG/KG U 
470 UGKG U 

65 UG/KG J 
680 UGKG 
160 UG/KG J 
610 UGIKG 
220 UG/KG J 
180 UG/KG J 
55 UGKG J 

1200 UG/KG 

3700 UGKG 

V 
A 
V 
V 
V 
A 
V 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
M 
A 
JA 
JA 
A 
A 
V 
JA 
JA 
A 
JA 
A 
JA 
JA 
JA 
A 
A 
A 
V 
JA 
V 
A 
JA 
JA 
A 
A 
A 

A 
A 
A 
V 
A 
A 
A 
A 
V 
A 
V 
V 
V 
A 
V 
A 
v 
A 
A 
A 

460 
440 
630 
420 
390 
390 
480 
460 
450 
440 
460 
600 
590 
330 
390 
400 
500 
740 
450 
390 
380 
400 
400 
350 
340 
380 
360 
520 
370 
360 
420 
3 80 
350 
3 80 
400 
380 
400 
360 
380 
440 
440 
480 
500 
420 

360 
460 
350 
380 
340 
360 
3 80 
460 
3 80 
360 
480 
360 
470 
380 
430 
360 
390 
3 80 
400 
400 

OU4 Propoaod IMlIRA EA k u m  Dofumcllt 
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I TABLE IU3-6 

SURFICLAL SOIL 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Rgult 
Location SampleNo QCCodeQCPattaer Type C k d  Result Umts Qual* Valid* h t  - -__.--- 

SS402193 SS40037AE REAL 
98402293 SS40038AE REAL 
55402293 SS40016AE DUP 
SS402393 SS40039AE REAL 
SS402493 SS40040AE REAL 
SS402593 SS40041AE REAL 
SS402693 SS40199AE REAL 
SS402793 SS40043AE REAL 
SS402893 SS40044AE REAL 
SS402993 SS40045AE REAL 
SS403093 SS40046AE REAL 
SS403193 SS40047AE REAL 
SS403293 SS40048AE REAL 
SS403393 SS40049AE REAL 
SS403493 SS40050AE REAL 
SS403593 SS40051AE REAL 
SS403693 SS40052AE REAL 

40093 SS40060AE REAL 
40193 SS40485AE REAL 
40293 SS40042AE REAL 
40393 SS40053AE REAL 
40593 SS40054AE REAL 
40693 SS40057AE REAL 
40793 SS40058AE REAL 
40893 SS40004AE REAL 
40993 SS40072AE REAL 
40993 SS40412AE DUP 
41193 SS40007AE REAL 
41293 SS40071AE REAL 
41693 SS40410AE REAL 
41793 SS40077AE REAL 
41793 SS40069AE DUP 
41893 SS40003AE REAL 
41993 SS40009AE REAL 
42093 SS40480AE REAL 
42093 SS40013AE DUP 
42293 SS40078AE REAL 
42393 SS40079AE REAL 
42693 SS40080AE REAL 
42993 SS40056AE REAL 
43193 SS40084AE REAL 
43293 SS40006AE REAL 
43493 SS40086AE REAL 
43593 SS40061AE REAL 
43793 SS40088AE REAL 
43893 SS4001OAE REAL 
43993 SS40091AE REAL 
44093 SS40090AE REAL 
44193 SS40011AE REAL 
44393 SS40005AE REAL 
44793 SS40055AE REAL 
44893 SS40070AE REAL 
45693 SS40094AE REAL 
45793 SS40015AE REAL 
46193 SS40096AE REAL 

SS400193 SS40017AE REAL 
SS400293 SS40018AE REAL 
SS400393 SS40019AE REAL 
SS400493 SS40020AE REAL 
SS400593 SS4002IAE REAL 
SS400693 SS40022AE REAL 
SS400793 SS40023AE REAL 
SS400893 SS40024AE REAL 
SS400993 SS40025AE REAL 

I 

0 
A 

TRG 
TRG 

SS40038AE TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40412AE TRG 
SS40072AE TRG 

TRG 
TRG 
TRG 
REX 

SS40077AE REX 
TRG 
REX 
TRG 

SS40480AE TRG 
TRG 
TRG 
TRG 
TRG 
REX 
REX 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 
TRG 
TRG 
REX 
TRG 
TRG 
TRG 
TRG 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 
PHENANTHRENE 

PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 

I500 UGKG 
120 UGKG J 
48 UGKG J 
180 UGKG J 
65 UGKG J 

440UGKG U 
190 UGKG J 
950 UGKG 
180 UGKG J 
38 UGKG J 

290UGKG J 
460UGKG U 
180 UGKG J 
74 UGKG J 

420 UGKG U 
390UGKG U 

74 UGKG J 
480 UGKG U 
460 UGKG U 
450 UGKG U 
440 UG/KG U 
460UGKG U 
860 UGKG 

1100 UGKG 
120 UGKG J 
490 UGKG 
520 UG/KG 
270 UGKG J 
270 UGKG J 
98 UGKG J 

140 UGKG J 
200 UG/KG J 
180 UGKG J 
180 UGKG J 
37 UGKG J 

340UGKG U 
380 UGKG U 
340UGKG J 

9 9 U G K G  J 
130 UGKG J 
81 UG/KG J 

380 UGKG U 
5 7 U G X G  J 
87 UGKG J 

170 UG/KG J 
380 UGKG U 

78 UGKG J 
360 UGKG U 
130 UGKG J 
440 UGKG U 
440 UG/KG U 
390 UGKG J 
940 UG/KG 
150 UG/KG J 

2300 UGKG 

54 UG/KG J 
350 UG/KG J 
570 UG/KG 

1300 UG/KG 
130 UG/KG J 
100 UGlKG J 
180 UG/KG J 
93 UGKG J 

3600 UGXG 

V 
A 
A 
A 
A 
V 
A 
V 
A 
A 
A 
V 
A 
A 
V 
V 
A 
V 
V 
V 
V 
V 
V 
V 
A 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
V 
JA 
A 
A 
A 
A 
JA 
JA 
A 
A 
A 
V 
A 
V 
A 
V 
V 
A 
V 
A 

A 
A 
V 
V 
A 
A 
A 
A 
V 

390 
350 
360 
380 
440 
440 
380 
370 
3 50 
340 
700 
460 
440 
630 
420 
390 
390 
480 
460 
450 
440 
460 
600 
590 
330 
390 
400 
500 
740 
450 
390 
380 
400 
400 
350 
340 
380 
360 
520 
370 
360 
420 
380 
350 
380 
400 
380 
400 
360 
380 
440 
440 
480 
500 
420 

370 
460 
350 
380 
340 
360 
380 
460 
3 80 

*Codes arc cxplamcd m Table 111 3 6-1 
60 wql 11 3-196 
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TABLE IU.2-6 

SURmCIAL SOIL 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Result 
Lacat~on SampleNo QCCodeQCPpIQla Typs Cham& Result Uruts Qual* Valid* - -PI_-- 

SS401093 
SS401193 
55401293 
SS401393 
SS40 1493 
SS401593 
S5401693 
SS401793 
SS401893 
SS401993 
SS402093 
SS402193 
SS402293 
SS402293 
SS402393 
SS402493 
SS402593 
SS402693 
SS402793 
SS402893 
SS402993 
SS403093 
SS403193 

SS40026AE REAL 
SS40027AE REAL 
SS40028AE REAL 
SS40029AE REAL 
SS40030AE REAL 
SS40031AE REAL 
SS40032AE REAL 
Ss40033AE REAL 
ss40034AE REAL 
SS40035AE REAL 
SS40036AE REAL 
ss40037AE REAL 
SS40038AE REAL 
SS40016AE DUP 
SS40039AE REAL 
ss40040AE REAL 
SS40041AE REAL 
SS40199AE REAL 
SS40043AE REAL 
ss40044AE REAL 
SS40045AE REAL 
ss40046AE REAL 
SS40047AE REAL 

SS403293 SS40048AE REAL 
ss403393 ss40049AE REAL 
SS403493 SS40050AE REAL 
SS403593 SS40051AE REAL 
SS403693 SS40052AE REAL 

40093 SS4006OAE REAL 
40193 SS40485AE REAL 
40293 SS40042AE REAL 
40393 SS40053AE REAL 
40593 ss40054AE REAL 
40693 SS40057AE REAL 
40793 SS40058AE REAL 
40893 SS40004AE REAL 
40993 ss40072AE REAL 
40993 SS40412AE DUP 
41193 SS40007AE REAL 
41293 SS40071AE REAL 
41693 SS40410AE REAL 
41793 SS40077AE REAL 
41793 SS40069AE DUP 
41893 SS40003AE REAL 
41993 SS40009AE REAL 
42093 SS40480AE REAL 
42093 SS40013AE DUP 
42293 SS40078AE REAL 
42393 SS40079AE REAL 
42693 SS40080AE REAL 
42993 SS40056AE REAL 
43193 SS40084AE REAL 
43293 SS40006AE REAL 
43493 SS40086AE REAL 
43593 SS40061AE REAL 
43793 SS40088AE REAL 
43893 SS40010AE REAL 
43993 SS40091AE REAL 
44093 SS40090AE REAL 
44193 SS40011AE REAL 
44393 SS40005AE REAL 
44793 SS40055AE REAL 
44893 SS40070AE REAL 
45693 SS40094AE REAL 
45793 SS40015AE REAL 

a 
Coder a n  c x p l d  UL Table 111 3 6- I 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40038AE TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40412AE TRG 
SS40072AE TRG 

TRG 
TRG 
TRG 
REX 

SS40077AE REX 
TRG 
REX 
TRG 

SS40480AE TRG 
TRG 
TRG 
TRG 
TRG 
REX 
REX 
TRG 
TRG 
TRG 
TRG 
TRG 
REX 
TRG 
TRG 
REX 
TRG 
TRG 
TRG 

PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRJZNE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 
PYRENE 

113 197 

260UGKG J 
51 UGKG J 

360UGKG U 
470 UGKG U 
130 UGKG J 
760 UGKG 
180 UGKG J 
670 UGKG 
260UGKG J 
320 UGKG J 
66 UGKG J 

130 UGKG J 
75 UGKG J 

210 UGKG J 
65 UGKG J 

440UGKG U 
310 UGKG J 

1100 UGKG 
370 UGKG 

57 UGKG J 
310 UGKG J 
460 UGKG U 
210 UGKG J 

90 UGKG J 
49 UGKG J 

390 UGKG U 
210 UGKG J 
480 UGKG U 
46OUGKG U 
450 UGKG U 

71 UGKG J 
46OUGKG U 

1900 UGKG 

1200 UGKG 
1400 UGKG 

180 UGKG J 
820 UGKG 
880 UGKG 
340UGKG J 
420 UGKG J 
150 UGKG J 
270 UGKG J 
410 UGKG 
290 UGKG J 
310 UGKG J 

53 UGKG J 
340UGKG U 
380 UGKG U 
660 UGKG 
210 UG/KG J 
170 UGKG J 
150 UGKG J 

380 UG/KG U 
140 UG/KG J 
140 UGKG J 
230 UG/KG J 
380 UG/KG U 
140 UG/KG J 
48 UG/KG J 

190 UGlKG J 
86 UG/KG J 

440 UGKG U 
460 UG/KG J 

2900 UGKG 

1200 UG/KG 

A 
A 
V 
V 
A 
V 
A 
V 
A 
A 
A 
V 
A 
A 
A 
A 
V 
A 
V 
V 
A 
A 
V 
A 
A 
A 
V 
A 
V 
V 
V 
A 
V 
V 
V 
A 
V 
V 
A 
A 
A 
A 
JA 
A 
A 
A 
V 
JA 
JA 
A 
A 
A 
JA 
JA 
A 
A 
A 
V 
A 
A 
A 
A 
V 
A 
V 

360 
480 
360 
470 
380 
430 
360 
390 
380 
400 
400 
390 
350 
360 
380 
440 
440 
380 
370 
350 
340 
700 
460 
440 
630 
420 
390 
390 
480 
460 
450 
440 
460 
600 
590 
330 
390 
400 
500 
740 
450 
390 
380 
400 
400 
3 50 
340 
380 
360 
520 
370 
360 
420 
3 80 
350 
380 
400 
380 
400 
360 
380 
440 
440 
480 
500 

OU4 Pmpoaal IMllRA EA Dccum Daumcnt 
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TABLEIL3.2-6 

SURFICIALSOIL 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Result 

46193 SS4OO%AE REAL 

SS400193 SS40017AE REAL 
88400293 SS40018AE REAL 
SS400393 SS40019AE REAL 
ss400493 ss40020AE REAL 
ss400593 ss40021AE REAL 
SS400693 SS40022AE REAL 
SS400793 SS40023AE REAL 
SS400893 SS40024AE REAL 
SS400993 SS40025AE REAL 
SS401093 SS40026AE REAL 
SS401193 SS40027AE REAL 
SS401293 SS40028AE REAL 
SS401393 SS40029AE REAL 
SS401493 SS40030AE REAL 
SS401593 SS40031AE REAL 
SS401693 SS40032AE REAL 
SS401793 SS40033AE REAL 
SS401793 SS40033AE REAL 
SS401893 SS40034AE REAL 
SS401893 SS40034AE REAL 
SS401993 SS40035AE REAL 
SS402093 SS40036AE REAL 
SS402193 SS40037AE REAL 
SS402293 SS40038AE REAL 
SS402293 SS40016AE DUP 
SS402393 SS40039AE REAL 
SS402493 SS40040AE REAL 
SS402593 SS40041AE REAL 
SS402693 SS40199AE REAL 
SS402793 SS40043AE REAL 
SS402893 SS40044AE REAL 
SS402993 SS40045AE REAL 
SS403093 SS40046AE REAL 
SS403193 SS40047AE REAL 

ss403393 ss40049AE REAL 
SS403493 SS40050AE REAL 
SS403593 SS40051AE REAL 
SS403693 SS40052AE REAL 

40093 ss4oO60AE REAL 
40193 SS40485AE REAL 
40293 SS40042AE REAL 
40393 SS40053AE REAL 
40593 SS40054AE REAL 
40693 SS40057AE REAL 
40793 SS40058AE REAL 
40893 SS40004AE REAL 
40993 SS40412AE DUP 
40993 SS40072AE REAL 
41 193 SS40007AE REAL 
41293 SS40071AE REAL 
41693 SS40410AE REAL 
41793 SS40077AE REAL 
41793 SS40069AE DUP 
41893 SS40003AE REAL 
41993 SS40009AE REAL 
42093 SS40480AE REAL 
42093 SS40013AE DUP 
42293 SS40078AE REAL 
42393 SS40079AE REAL 
42693 SS40080AE REAL 
42993 SS40056AE REAL 
43193 SS40084AE REAL 

c 

~~403293 ss4oo4a.a REAL 

e 
* Codes arc erplund in Table I11 3 6- I 
60 wql 

TRG 

TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
DIL 
TRG 
DIL 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40038AE TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 
TRG 

SS40072AE TRG 
SS40412AE TRG 

TRG 
TRG 
TRG 
TRG 

SS40077AE TRG 
DIL 
TRG 
TRG 

SS40480AE TRG 
DLI 
TRG 
TRG 
TRG 
DIL 

PYRENE 

AROCLOR-1254 
AROCLOR-1254 
AROCLOR-1254 
AROCLOR-1254 
AROCLOR-I254 
AROCLOR- 1254 
AROCLOR- 1254 
AROCLOR-1254 
AROCLOR-1254 
AROCLOR-I 254 
AROCLOR-1254 
AROCLOR-1254 
AROCLOR-1254 
AROCMR-1254 
AROCLOR-1254 
AROCLOR- 1254 
AROCLOR-1254 
AROCLOR- 1254 
AROCLOR-1254 
AROCLOR-1254 
AROCLOR-1254 
AROCLOR-1254 
AROCLOR- 1254 
AROCLOR-1254 
AROCLOR- 1254 
AROCLOR- 1254 
AROCLOR- 1254 
AROCLOR-1254 
AROCLOR-1254 
AROCLOR-1254 
AROCLQR- 1254 
AROCLOR-1254 
AROCLOR-1254 
AROCLQR-1254 
AROCLOR-1254 
AROCLOR-1254 
AROCLOR-1254 
AROCLOR- 1254 
AROCLOR- 1254 
AROCLOR-1254 
ARWLOR-1254 
AROCLOR-1254 
AROCMR- 1254 
AROCMR-1254 
AROCLOR-1254 
AROCLOR-1254 
AROCLOR-1254 
AROCLOR- 1254 
AROCLOR-1254 
AROCLOR-1254 
AROCLOR-1254 
AROCLOR-1254 
AROCLOR-1254 
AROCLOR-1254 
AROCLOR-1254 
AROCLOR-1254 
AROCLOR- 1254 
AROCLOR- 1254 
AROCLOR- I254 
AROCLOR-1254 
AROCLOR-1254 
AROCLOR- 1254 
AROCLQR-I254 

II 3-198 

2 0 0 U G X G  I 

180 UGXG U 
220 UGKG U 
170 UGKG U 
180 UGXG U 
16OUGXG U 
170 UGXG U 
180 UGKG U 
220 UGKG U 
180 UGKG U 
170 UGKG U 
230 UGKG U 
170 UGKG U 
230 UGKG U 
180 UGKG U 
210 UGKG U 
170 UGKG U 

11900 UGKG D 
190 UGKG UX 

2960 UGKG D 
180 UGKG UX 
190 UGKG U 
190 UGKG U 
960 UGKG 
170 UGKG U 
170 UGKG U 
180 UGKG U 
210 UGKG U 
210 UGKG U 
180 UGKG U 
180 UGKG U 
170 UGKG U 
160 UGKG U 
340UGKG U 
220 UGKG U 
210 UGKG U 
300 UGKG U 
200 UGKG U 
190 UGKG U 
190 UGKG U 
230 UGKG U 
220 UGKG U 
210 UGKG U 
210 UGKG U 
220 UGKG U 
290 UG/KG U 
280 UGKG U 
190 UGKG U 
190 UGKG U 
190 UGXG U 
240UGKG U 
360 UGKG U 
210 UGKG U 
190 UG/KG U 
180 UGtKG U 

7630 UGKG D 
190 UG/KG U 
170 UG/KG U 
160 UGKG U 

1800 UG/KG U 
170 UG/KG U 
250 UG/KG U 
180 UGKG U 
597 UGKG D 

A 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 

IA 

V 
V 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
V 
V 
V 
V 
V 
V 
V 
JA 

420 

180 
220 
170 
1 80 
160 
170 
180 
220 
180 
1 70 
230 
170 
230 
180 
210 
1 70 
1900 
190 
900 
180 
190 
190 
190 
I70 
1 70 
180 
210 
210 
I80 
180 
1 70 
160 
340 
220 
210 
300 
200 
190 
190 
230 
220 
210 
210 
220 
290 
280 
160 
190 
190 
240 
360 
210 
190 
1 80 
1900 
I90 
1 70 
160 
1800 
170 
250 
180 
350 



TABLE Iu.2-6 

SuRFIaALSoIL  
ORGAhTC! POTENTIAL CONTAMlNANTS OF CONCERN 

Dstea 
R d  UnaS Qual+ Valid+ krmt - -__.-I_- 

43293 SS4OOO6AE REAL TRG AROCLOR-1254 282 UGKG JA 200 
43493 SS40086AE REAL DL1 AROCLOR-1254 1800 UGKG U JA 1800 
43593 ss40061AE REAL TRG AROCLOR-1254 170 UGXG U V 170 
43793 SS40088AE REAL TRG AROCLOR-1254 180 UGKG U V 180 
43893 SS4001OAE REAL TRG AROCMR-1254 19OUGXG U V 190 
43993 ss40091AE REAL TRG AROCLOR-1254 180 UGKG U V 180 
44093 ss4oo9oAE REAL TRG AROCLOR-I254 190 UGKG U V 190 
44193 SS40011AE REAL TRG AROCLOR-1254 170UGXG U V 170 
44393 ss40005AE REAL TRG AROCLOR-1254 180 UGXG U V 180 
44793 ss40055AE REAL TRG AROCLOR-1254 210 UGXG U V 210 
44893 SS40070AE REAL TRG AROCMR-1254 210 UGXG U V 210 
45693 SS40094AE REAL TRG AROCLOR-1254 230 UGKG U V 230 
45793 SS40015AE REAL TRG AROCWR-1254 240 UGXG U V 240 
46193 SS40096AE REAL TRG AROCLOR-1254 200UGXG U V 200 

* CaQI arc cxplamcd m Table 111 3 61 i 3% 6owql I1 3 199 
OU4 Reposed IMIIRA EA Dsum Dazmrm 

February10 1995 



TABLE II.3.3-1 

SAMPLES SELECTED FOR LABORATORY PHYSICAL AND CHEMICAL ANALYSIS 
BY D.B. STEPHENS AND ASSOCIATES 

42893 

43693 

0 61 wpf 

BH406 1 1 AE Alluvium 3 0 - 3 7  

1 1 - 1 7  BH406 12AE Alluvium 

Location Sample Geologic Depth 

(feet) 
Number unit Interval 

40593 BH40396AE Alluvium 3 2 - 3 9  

40593 BH40397AE Alluvium 10 0 - 10 7 

40593 BH40398AE Alluvium 15 3 - 16 0 

40593 BH40401AE Alluvium 2 0 3 - 2 1 0  

~~~ I_ 41793 BH40602AE Alluvium 7 0 - 7 7  

[I 41293 I BH40603AE I Bedrock I 4 1 - 4 8  
I I 11 43793 I BH40604AE [ Bedrock I 12 0 - 12 8 
I I 11 40693 I BH40605AE ] Bedrock I 2 1 - 2 8  

I 11 40793 I BH40606AE I Alluvium 4 0 - 4 5  
I I 

I 6 1 - 6 8  11 40793 I BH40607AE I Alluvium 
I I 

40993 I BH40608AE I Alluvium I 4 0 - 4 7  

1) 40993 [ BH40610AE I Bedrock I 3 2 7 - 3 3 8  
I I I 

I1 3-200 
OU4 Proposed IMlIRA EA Decision Document 

February 10 1995 



TABLE II.3.3-1 (continued) 

Location 

40593 

40593 

SAMPLE3 SELECTED FOR LABORATORY PHYSICAL AND CHEMICAL ANALYSIS 
BY D.B. STEPHENS AND ASSOCIATES 

sample Geologic Depth 

(feet) 
Number Umt Interval 

BH40396AE Alluvium 3 2 - 3 9  

BH40397AE Alluvium 10 0 - 10 7 

40593 

4 1593 

46593 

46593 

46593 

BH40398AE Alluvium 15 3 - 16 0 

BH40613AE Alluvium 0 4 - 1  1 

SS40140AE Alluvium 0 58-0 67 

BH40700AE Alluvium 0 75-2 75 

BH40702AE Alluvium 2 7 5 4  75 
~~~ ~~~ ~ 

46593 BH40703AE 

46693 SS40141AE 

46693 SS40141AE 

46693 BH40728AE 

46793 SS40142AE 

Alluvium 4 75-6 75 

Alluvium 0 33-0 5 

Alluvium 0 33-0 5 

Bedrock 8 6-14 8 

Alluvium 0 33-0 5 

I1 3-201 

~~ 

46893 

47093 

OU4 Proposed IM/IRA EA Decision Document 
February 10 1995 

SS40143AE Alluvium 0 3 - 0 5  

SS40 145AE Alluvium 0 5-0 67 
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63 wpf ;. 

BH40407AE 

BH40408AE 

BH40600AE 

BH40601AE 

BH40602AE 

TABLE II.3.3-3 

RESULTS OF MOISTURE CONTENT ANALYSES 

24 6 35 6 

20 4 33 5 

3 3  6 5  

14 4 24 4 

10 2 18 2 

-pae Initial Moisture Content 
Number 

Gravimetric Volumetric 
(% g/@ (%, cm3/cm9 

BH40396AE 9 4  16 6 

BH40603AE 

BH40604AE 

BH40605AE 

BH40606AE 

BH40607AE 

BH40397AE I 163 I 283  

20 2 31 4 

21 6 35 5 

21 6 34 8 

13 5 23 2 

14 1 22 7 

BH40398AE 18 2 29 0 

BH40401AE 20 4 33 9 

BH40402AE 24 2 36 7 

BH40403AE 13 8 22 6 

BH40404AE 25 1 39 3 

BH40405AE 2 1  3 7  

BH40406AE 15 5 28 5 

BH40608AE 

BH40609AE 

BH406lOAE 18 6 31 2 

I1 3-205 
OU4 Proposed IMlIRA EA Decision Document 

February 10 1995 



TABLE 11.3.3-3 

RESULTS OF MOISTURE CONTENT ANALYSES 
(continued) 

Gravimetric Volumetric 

BH40824AE 

BH408 16AE 

BH408 17AE 15 3* 

"Estunated Volumetric Moisture Contents from Analytical 
Gravimetric Moisture Contents 

I1 3-206 
OU4 Proposed IM/IRA EA Decision Document 

February 10 1995 
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TABLE II.3.3-5 

CALCULATED SOIL AND BEDROCK POROSITIES 

‘ 0  
65 wpf I%tQ I1 3-209 

OU4 Proposed IMlIRA EA Decision Document 
February 10 1995 



TABLE II.3.3-6 

- 

BH40406AE 

BH40407AE 

BH40408AE 

BH40600AE 

BH40601AE 

RESULTS OF SOIL AM) BEDROCK DENSITY ANALYSES 

- 

44393 

44093 

44093 

43193 

41793 

sample Location 
Number 

BH40396AE 40593 

40-47 

BH40397AE 40593 

1 94 2 19 2 71 

Depth Dry Saturated Particle 
(Ft) Bdk Bulk Density 

Dens~ty Density @/an? 
w d  @/cm3 

3 2-3 9 1 76 2 08 2 65 

10 0- 1 73 2 08 2 65 

1 

11 BH40398AE I 40593 I 15 3- I 159 I 2 01 I 265  

~- 

BH40607AE 40793 6 1-6 8 161 1 97 264 

BH40401AE 40593 

BH40402AE 40593 

BH40403AE 40393 

BH40404AE 40393 

BH40405AE 44393 

~ 

203- I 166 I 208  I 268  

BH40610AE 

BH40611AE 

I I I 

40993 32 7- 1 68 2 08 2 73 

42893 3 0-3 7 1 57 2 11  2 59 

25 3- 1 52 1 98 2 69 

33-40  164 2 01 2 69 
I I 

10 3- 1 57 2 08 2 73 

4 3-5 0 171 1 97 2 67 

' 0  
BH40603AE 41293 

BH40604AE 43793 

41-48  I 170 I 2 05 I 262 
I I I 

70-77 I 179 I 2 1 0  I 2 7 0  

41-48  1 55 1 98 2 66 

12 0- 1 65 2 13 2 66 

BH40605AE 40693 

BH40606AE 40793 

2 1-2 8 161 2 03 2 70 

40-45  1 72 2 13 2 66 

11 BH40608AE I 40993 I 40-47  I 195 I 222 I 264  

~~ ~ 

BH406 12AE 43693 1 1-1 7 1 79 2 11 2 62 

66 wpf I 34 I1 3-210 
OU4 Pmposed Ih4lIRA EA Decision Document 

February 10. 1995 



TABLE 11.3.3-7 

PARTICLE SIZE DISTRIBUTION AM) USCS CLASSIFICATION 

Percent by Weight 

BH40613AE 59 21 7 13 GC 51 17 32 

67 wpf 
XI 3-211 

OW4 Proposed IM/IRA EA Decision Document 
February 10 1995 



TABLE II.3.3-8 
PARTICLE SIZE DISTRIBUTION INDICES 

pm 
BH40398AE 

0 2 0  I -- 0 088 

0 15 

0 049 

0 0017 00033 I -- 
* 

~ 

0 0020 -- I C U T  11 
0 56 1 3  -- -- I sc II BH40403AE 40393 

-- I C U T  11 I I * * 
11 BH40405AE 11 44393 I 0 2 4  I 1 1  
1-1 11 BH40406AE 11 44393 * 0 0039 

I I 
0 0062 

11 BH40407AE )I 44093 I * 1 0 0 0 6 4  0 057 I -- 
I 

00026 I -- 44093 * 0 0014 

BH40600AE 43 193 * 0 73 

4 1793 * 0 37 

4 1793 0 0015 0 36 

-- GM 

-- sc 
3 5  -- 
1 2  -- 
1 4  9 33 

0 0017 -- 

0 0025 -- 

0 0018 -- 

GM II 0 045 

11 BH40603AE 11 41293 I * I 00014 

II 

11 BH40606AE 11 40793 I * I 0035 0097 I -- 
-- I GM 11 * 0 088 0 85 -- 

0 0040 11 17 4250 

BH40609AE !! 40993 

BH40610AE 11 40993 

* I 0 7 2  I 5 3  I -- BH406 1 1 AE 

BH406 12AE 12 2500 
I I I 

BH40613AE 11 41593 

NOTES SDST- Sandstone SLST-Siltstone CUT-Claystone 
* -Value not reached with specified test -- No value computed Cu=DJD, ,  Cc=D,*l(D,,,xD,) 

a 
1 3q3 68wpf 

OU4 Proposed IMllRA EA Decision Document 
February 10. 1995 I1 3-212 



TABLE 11.3.3-9 

I RESULTS OF ATI'ERBERG LIMIT ANALYSES 

Plastic Limit Plastiaty Index 

BH4040lAE 

BH40405AE NOT TESTED* 

BH40406AE 49 20 29 

BH40407AE 79 38 41 

BH40408AE 53 20 33 

BH40600AE 30 20 10 

BH40601AE 47 26 20 

BH40602AE NOT TESTED* 

BH40603AE 49 I 20 1 29 

BH40604AE I 79 I 24 1 55 

BH40605AE I 72 I 26 1 46 

BH40606AE 43 22 21 

BH40607AE 40 21 19 

BH40608AE 31 17 13 

BH40609AE 23 19 3 

BH40610AE 48 23 25 

BH406 1 1 AE 107 33 74 

BH406 12AE NOT TESTED* 

BH40613AE NOT TESTED* 

I * Not enough sample to run the test 

69 wpf I 34f 11 3-213 
OU4 Proposed IMlIRA EA Decision Document 

February 10, 1995 



TABLE 3.3-10 

Borehole Test Depth StratigraphicUSCS Class.' Test Hydraulic 
ID (Feet) Unit or Lithology Completed Conductivity 

oles/No) (cm/s) 
Comments 

40293 

40393 
40393 

40593 
40593 
40593 
40593 

40693 

40793 
40793 

40993 
40993 

41793 

42493 

42893 
42893 

43 193 
43 193 

43693 
43693 

43193 
43193 

44093 
44093 

44393 
44393 

6 96 

5 38 
12 34 

6 56 
12 50 
18 77 
26 84 

3 51 

3 51 
13 52 

3 94 
11 84 

5 58 

0 - 5 9  

394 

0 - 8 1  

5 5a 
11 81 

0 - 1 0 5  
> 105 

0 - 1 0 0  
13 25 

0 - 1 1 3  
16 08 

0 - 1 1 5  
16 99 

3 94 
3 51 

13 52 

Bedrock 

RFA 
Bedrock 

RFA 
RFA 
RFA 

Bedrock 

Bedrock 

RFA 
Bedrock 

RFA 
Bedrock 

Bedrock 

RFA 

RFA 

RFA 

RFA 
Bedrock 

RFA 
Bedrock 

RFA 
Bedrock 

RFA 
Bedrock 

RFA 
Bedrock 

RFA 
RFA 

Bedrock 

Clay stone 

ML 
Clay stone 

GM 
CL 
CL 
Sllty 

Clay stone 

Clay stone 

ML 
Sllty 

Clay stone 

GM 

Sandstone 

Claystone 

GMIML 

GM 

GMIGW 

GC 
Clay stone 

GWIGM 
No recovery 

GMIGW 
Clay stone 

GMIGW 
Clay stone 

GMIGW 
Clay stone 

GM 
GM 

Clay stone 

Silty 

Yes 

Yes 
No 

No 
Yes 
YeS 
Yes 

Yes 

Yes 
Yes 

No 
Yes 

Yes 

No 

No 

No 

No 
No 

No 
No 

No 
Yes 

No 
No 

No 
Yes 

No 
No 

3 1 x 10-10 

9 1 x 10'0 
1x10 Unable to obtam outflow after multiple 

_- 
1 1 x 104 
9 8 x 10 lo 

3 5 x 1 0 9  

1 9 x  lo9 

3 5 x  IO9  
1 0 x 10" 

-- 
I 1x107 

1 4 x  lo9 

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

1 8 ~  109 

-- 
-- 
-- 

3 2 x lo lo 

-- 
>3  1 x 10-7 
1 7 x  

attempts 

Bent probe tip at 7,000 psi on gravels 

Organic nch honzon 

Could not advance probe due to gravels 

Did not attempt test due to gravels 

Could not advance probe due to gravels 

Did not attempt test due to gravels 

Bent probe tip and cracked filter, gravels 
Bent probe tip and cracked filter 

Could not advance probe due to gravels 
Pore pressure too high, saturated conditions 

Could not advance probe due to gravels 

Could not advance probe due to gravels 
Pore pressure too high, saturated conditions 

Could not advance probe due to gravels 

Could not advance probe due to gravels 
Sand honzon, all water drruned out of vial 
before end of test 

Yes 10 9 I 44393 

USCS Class and Lithology extracted from final borehole logs I. 
70 wpf 

I1 3-214 
OU4 Proposed IM/IRA EA Decision Document 
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TABLE II.3.3-11 

B A P  TEST RESULTS BY GEOLOGIC STRATUM 

ROCKY FLATS ALLUVIUM 

Test Depth M w d  
Borehole ID (Fed) Hydraulic USCS' 

Conductivity Classification 
(CmlS) 

40393 5 38 9 1 x loLo 
40793 3 51 35x108 

M L  
ML 

40593 12 50 1 1 x 104 
40593 i a  77 9 a x 10-10 

CL 
CL 

44393 3 51 >3 1 x 10-7 GM 

BEDROCK 

Test Depth MeaSured 
Borehole ID Feet) Hydraulic ZlthOlOgy 

Conductivity 
(Cm/S) 

40293 6 96 3 1 x 10'O Clay stone 

Claystone 

Clay stone 

40393 12 34 < I  o x  10'O 

40693 1 9 ~  10-9 3 51 

1 4 x 1 0 9  41293 5 58 Clay stone 

Clay stone 43693 13 25 1 a x 10-9 

3 2 x 10 lo 

17x lo9 

44093 16 99 

13 52 

Clay stone 

Clay stone 44393 

3 5 x  lo9 
1 o x  109 

40593 
40793 

26 84 
13 52 

Silty Claystone 
Silty Claystone 

40993 11 84 1 1 x 107 Silty Sandstone 

From final borehole logs 

OU4 Proposed IMlIRA EA Decision Document 
FcbmV 10 1995 

71 wpf 
I1 3-215 
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TABLE II.3.3-13 

GUELPH PERMEAMETER TEST RESULTS 
BY GEOLOGIC STRATUM 

ROCKY F’I.,ATS ALLUVIUM 

Hydraulic Matric Flux 
Nearest Test Depth Conductivity Potential USCS 

Borehole ID (Iacb-) ( d / S )  Classifleation 

40393 17 5 <1 o x  10-6 _- OL 
44793 19 0 1 6 x  lo3 5 6 x  103 OL 

40593 14 0 910 x 104 3 1 x 103 ML 
40793 #1 29 0 42x105 29x104 ML 
40793 #2 11 0 3 8 x  10’ 14x10’  ML 

40993 12 0 <1ox10-6  -_ GC 
41593 #1 7 9  3 5 x lo4 7 9 x lo-* GC 
41593 #2 7 9  5 15x 104 4 3 x 10-5 GC 

41793 12 0 1 6  x 10’ 1 3 x lo4 GP 

42493 5 5  4 3 x  1 0 3  6 8 x  10‘ GM 
43693 23 0 <1 0 x lo4 -- GM 
43793 17 0 <1 0 x lo4 -_ GM 

44393 #1 7 0  11x103 89x103  GM 
44393 #2 7 0  5 4 x  105 4 5 x 104 GM 

44593 10 0 48x104  OX 103 SM 

SHALLOW BEDROCK 

Hydraulic Matnc Flux 
Nearest Test Depth Conductivity Potential 

Borehole ID (Inch4 (Cm/S) (cm2/s) Lithology 

3186 #1 19 5 2 6 x 10’ 2 1 x lo4 Sandstone 
3186 #2 12 0 2 1 x 105 1 8 x lo4 Sandstone 
3186 #3 12 0 3 2 x lod 2 7 x 10-5 Sandstone 

44693 12 5 8 4 ~ 1 0 ~   OX 105 Clay stone 

I1 3-217 
OU4 Proposed IMtIRA EA Decision Document 
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TABLE II.3.3-14 

SUMMARY OF " R O N  PROBE MEASUREME2W"T 

Location Estimated Depth Water Table 
To Water Condition 

40293 1 9  StatlC 

40393 6 0  StatlC 

40593 22 1 StatlC 

40693 1 6  StatlC 

40793 7 3  StatlC 

40993 = 25 StatlC 

41293 3 6  StatlC 

41593 5 8  StatlC 

41793 10 2 StatlC 

42493 ND ND a 1 42893 6 7  StatlC 

43193 = 8  Decreasmg 

43693 10 7 StatlC 

II 43793 I > 11 I Decreasmg: 

44093 11 3 Decreasmg 

44393 7 8  Decreasmg 

74 wpf a 

I I1 

21 0 I 16.200 It 

9 7 I 16,500 11 

12 3 16,500 

-+-P=-i 17,000 

10 5 I ND ll 

18,500 

16,000 

I1 3-218 
OU4 Proposed IM/IRA EA Decision Document 
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TABLE II.3.3-15 

SATURATED HYDRAULIC CONDUCTIVITY 
ROCKY FLATS ALLUVIUM 

Method of Analysis 

Borehole Sample K a t  constant Falling 
Number Number USCS (d=) Head Head 

40593 
40593 
40593 
40593 
40393 
44393 
44093 
43 193 
41793 
41793 
40793 
40793 
40993 
42893 
43693 
41593 

75 wpf 0 

390 

BH40396AE 
BH40397AE 
BH40398AE 
BH40401AE' 
BH40403AE 
BH40405AE 
BH40407AE 
BH40600AE 
BH40601AE 
BH40602AE 
BH40606AE 
BH40607AE 
BH40608AE* 
BH40611AE' 
BH40612AE 
BH406 13AE* 

SM 
sc 
CL 
CH 
sc 
sw 
CH 
GM 
sc 
GM 
ML 
GM 
GM 
G c  

GC 
G c  

2 9 x lod 
1 5 x 10-7 

3 o x  10-9 
6 8 x lo-* 

1 1 x loa 
7 1 x 10-2 X 
1 2 x loa 
2 o x 10-3 
1 2 x 10-5 

5 7 x lo6 
5 0 x lod 
1 a x 104 
1 4 x 10-3 
I o x 10-9 
14 x loa 
1 1 x lo4 

X 
X 
X 
X 
X 

X 

X 
X 

X 
X 
X 
X 
X 
X 

X 

I1 3-219 
OU4 Proposed IMlIRA EA Decision Document 

February 10 1995 



TABLE II.3.3-16 

SATURATED HYDRAULIC CONDUCTIVITY 
BEDROCK LITHOLOGIES 

Method of Ana,& 

Borehole Sample Ksmt Constant Falling 
Number Number Lithology ( d s e c )  Head Head 

40593 

40393 

44393 

44093 

41293 

43793 

40693 

40993 

40993 

BH40402AE 

BH40404AE' 

BH40406AE 

BH40408AE 

BH40603AE 

BH40604AE 

BH40605AE' 

BH40609AE 

BH40610AE 

Clay stone 

Clay stone 

Siltstone 

Clay stone 

Clay stone 

Clay stone 

Clay stone 

Sandstone 

Siltstone 

1 6  x lo8 

5 3 10-9 

5 1 x 10-9 

i 3 x 10-7 

1 o x 10-7 

4 3 x 10-9 

3 6 x 

1 8 x 

1 o x 10-7 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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TABLE II.3.3-17 

SUMMARY OF MOISTURE CHARACTERISTIC DATA 

Sample Number 
Pressure Head 
(-an water) 

Moisture Content 
(96, cm3/cm9 

BH40396AE 

BH40397AE 

BH40398AE 

BH40401AE 

BH40402AE 

71 wpf 

0 
21 
82 

306 
1020 
3467 

15195 

0 
52 

204 
5 10 

1020 
5130 

14991 

0 
82 

3 16 
826 

1632 
5609 

14685 

0 
82 

316 
826 

1632 
5609 

14685 

0 
55 

206 
5 10 

1020 
5130 

14991 

I1 3-221 

32 1 
32 1 
30 0 
27 6 
25 2 
23 2 
22 6 

34 7 
34 1 
32 4 
31 6 
30 6 
28 4 
27 3 

41 5 
40 7 
37 4 
35 2 
33 4 
30 8 
29 1 

42 4 
40 7 
37 7 
36 7 
36 2 
34 7 
33 1 

46 4 
45 8 
4 4 8  
43 6 
41 8 
38 6 
35 9 

OU4 Proposed Ih4lIRA EA Decision Document 
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TABLE II.3.3-17 

SUMMARY OF MOISTURE CHARACTERISTIC DATA 
(continued) 

PressuFe Head Moisture Content 
W p l e  Number (a water) (I, an3/an7 

BH40403AE 

BH40404AJ3 

BH40105AE 

BH40406AE 

BH40407AE 

77 wpf 
A 

0 
22 
83 

306 
la20 
3467 

15 195 

0 
82 

3 16 
826 

1632 
5609 

14685 

0 
6 

10 
51 

213 
1020 

15603 

0 
82 

3 16 
826 

1632 
5609 

14685 

0 
21 
85 

306 
1020 
3467 

15195 

I1 3-222 

37 0 
36 8 
34 6 
32 5 
29 8 
26 9 
24 1 

51 2 
50 5 
47 9 
45 1 
43 0 
38 1 
34 6 

25 4 
24 4 
16 2 
4 3  
2 2  
1 8  
1 6  

38 2 
37 7 
34 8 
33 2 
32 1 
30 0 
27 8 

43 8 
42 6 
41 1 
38 9 
36 2 
32 3 
27 4 
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TABLE II.3.3-17 

e 

SUMMARY OF MOISTURE CHARACTERISTIC DATA 
(contmued) 

Sample Number 
Pressure Head 

(-cm water) 
Moisture Content 

(%, cm3/m’> 

BH40408AE 

BH40600AE 

BH40601AE 

BH40602AE 

BH40603AE 

71 wpf 

0 
52 

204 
5 10 

1020 
5130 

14991 

0 
9 

41 
121 
357 

1030 
14685 

0 
21 
82 

306 
1020 
3467 

15195 

0 
19 
79 

204 
5 10 

1020 
5 130 

14991 

0 
53 

204 
5 10 

1020 
5130 

1499 1 

I1 3-223 

4 4 9  
43 3 
41 6 
40 2 
38 4 
34 0 
30 8 

24 4 
14 8 
11 1 
9 2  
7 9  
6 9  
5 3  

35 0 
32 9 
30 8 
28 3 
25 9 
22 5 
18 6 

31 6 
27 4 
25 1 
23 5 
21 9 
20 0 
15 7 
14 9 

43 2 
42 7 
40 7 
39 1 
37 1 
32 9 
30 1 
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TABLE 11.3.3-17 

e 

SUMMARY OF MOISTURE CHARACTERISTIC DATA 
(continued) 

Sample Number 
Pressure Head 

(-cm water) 
Moisture Content 

(96, cm3/cm9 

BH40604AE 

BH40605AE 

BH40606AE 

BH40607AE 

BH40608AE 

77 wpf 

0 
82 

3 16 
826 

1632 
5609 

14685 

0 
82 

3 16 
826 

1632 
5609 

14685 

0 
21 
80 

306 
1020 
3467 

15195 

0 
20 
82 

306 
1020 
3467 

15195 

0 
13 
40 

122 
357 

1030 
14685 

I1 3-224 

48 4 
48 1 
45 7 
440 
42 6 
39 0 
35 6 

41 9 
39 9 
37 8 
36 0 
34 6 
31 0 
31 0 

41 1 
39 9 
37 7 
34 7 
31 4 
28 8 
26 2 

35 7 
34 2 
31 8 
28 9 
25 9 
23 3 
20 9 

27 0 
20 1 
17 I 
15 1 
14 2 
12 9 
10 6 
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TABLE II.3.3-17 

SUMMARY OF MOISTURE CHARACTERISTIC DATA 
(continued) 

Pressure Head Moisture Content 
Sample Number (a water) (%, m3/m9 

8 
77 wpf 

BH40609AE 

BH406 lOAE 

BH40611AE 

BH40612AE 

BH406013AE 

0 
22 
78 

306 
1020 
3461 

15195 

0 
82 

3 16 
826 

1632 
5609 

14685 

0 
82 

3 16 
826 

1632 
5609 

14685 

0 
82 

3 16 
826 

1632 
5609 

14685 

0 
21 
53 

125 
357 

1030 
14685 

I1 3-225 

36 3 
34 4 
30 2 
23 4 
19 9 
18 3 
16 6 

40 2 
39 3 
36 8 
34 1 
32 1 
27 8 
25 8 

53 5 
53 8 
49 0 
4 6 1  
441 
41 3 
38 8 

32 1 
30 0 
26 1 
24 5 
23 6 
22 8 
21 4 

40 0 
38 0 
37 4 
36 5 
35 1 
33 1 
29 0 
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TABLE II.3.3-20 

SUMMARY OF 1993 ALLUVIUM WATER LEVEL FLUCTUATIONS 

0 

Manum Mlnimum Average 
Water Level Water Level Water Level Trend in Water Level Period of Relative 

Well Elevahon Elevation Elevation Water Level Fluctuation Fluctuatmn K 
Number Change (feet) (days) (cdsec) 

1386 
1586 
1786 
1886 
2086 
2286 
2486 
2686 
2886 
2986 
3787 
3887 

05093 
05 193 
05293 
5687 

40193 
41193 
4 1693 
42993 
43893 
43993 
44893 
44993 
45093 
45293 
45393 
45593 
45793 
45993 
46093 
46293 
46393 

5837 9 
5844 4 
5863 6 
5878 9 

Abandoned 
5971 9 
5976 2 
5966 7 

Abandoned 
5950 8 
5962 7 
5965 4 
5957 0 
5962 0 
5973 9 
5973 8 
5880 7 
5957 6 
5962 2 
5970 3 
5968 6 
5964 2 
5915 5 
5914 2 
5916 3 
5912 3 
5907 0 
5928 0 
5948 5 
5948 5 
5925 6 
5941 3 
5881 9 

5835 3 
5843 2 
5862 8 
5878 3 
Well 

5970 3 
5975 4 

5965 9 
Well 

5950 8 
5960 8 
5963 0 
5955 3 
5958 3 
5973 7 
5972 2 
5880 7 
5954 8 
5961 8 
5968 4 
5967 2 
5962 8 
5912 3 
5914 2 
5916 3 
5912 3 
5907 0 
5928 0 
5946 4 
5945 7 
5925 6 
5931 9 
5877 9 

5836 6 
5843 8 
5863 2 
5878 6 

5971 1 
5975 8 
5966 3 

5950 8 
5961 8 
5964 2 
5956 1 
5960 1 
5973 8 
5973 0 
5880 7 
5956 2 
5962 0 
5969 4 
5967 9 
5963 5 
5913 9 
5914 2 
5916 3 
5912 3 
5907 0 
5928 0 
5947 5 
5947 1 

5925 6 
5936 6 
5879 9 

Decreasing 
Decreasmg 
Decreasmg 
Decreasmg 

Decreasmg 
Decreasing 
Decreasmg 

Decreasmg 
Increasmg 
Decreasmg 
Decreasmg 
Decreasing 
Decreasmg 
Increasing 

Dry 
Decreasmg 
Increasing 
Decreasmg 
Decreasing 
Decreasing 
Decreasmg 

Dry 
Dry 
Dry 
Dry 
Dry 

Decreasing 
Decreasing 

Decreasing 
Increasing 

Dry 

2 6  172 
1 2  157 
0 8  157 
0 6  36 

1 6  103 
0 8  155 
0 8  96 

0 0  162 
1 9  22 
2 4  101 
1 8  109 
3 8  120 
0 2  nd 
1 6  1 42 
0 0  177 
2 8  54 
0 4  96 
1 9  132 
1 4  163 
1 4  155 
3 2  172 
0 0  172 
0 0  172 
0 0  172 
0 0  172 
0 0  172 
2 1  9 
2 8  13 
0 0  172 
9 4  155 
4 0  157 

5 33e-06 
2 7Oe-06 
1 8Oe-06 
5 88e-06 

5 48e-06 
1 82e-06 
2 94e-06 

3 05e-05 
8 38e-06 
5 66e-06 
1 10e-05 

3 97e-06 

1 83e-05 
1 47e-06 
5 08e-06 
3 03e-06 
3 19e-06 
6 56e-06 

8 23e-05 
7 60e-05 

2 14e-05 
8 99e-06 

80 wpf OU4 Proposed IMlIRA EA Decision Document 
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TABLE II.3.3-20 (continued) 

SUMMARY OF 1993 ALLUVIUM WATER LEVEL F%UCTUATIONS 

Maxim Murunurn Average 
Water Level Water Level Water Level Trend in Water Level Period of Relative 

Well Elevabon Elevation Elevahon Water Level Fluctuation Fluctuation K 
Number (feet) 

46493 5887 3 5887 3 5887 3 Dry 0 0  166 
76 192 5954 0 5954 0 5954 0 Dry 0 0  172 

B208089 5924 0 5923 3 5923 7 Decreasmg 0 7  150 1 65e-06 
B208589 5854 8 5852 5 5853 7 Decreasmg 2 3  105 7 73e-06 

7 06e-06 B208789 5904 3 5901 3 5902 8 De c r ea s m g 3 0  150 
B210489 5855 1 5852 0 5853 6 Decreasmg 3 1  119 9 19e-06 
P207489 ND ND ND 
€907689 5961 9 5959 2 5960 6 Decreasmg 2 7  157 6 07e-06 
P207889 5960 9 5955 1 5958 0 Decreasmg 5 8  134 1 53e-05 
P209289 5969 0 5969 0 5969 0 Dry 0 0  165 
P209789 5960 4 5954 4 5957 4 Decreasing 6 0  158 1 34e-05 
p209989 5889 9 5889 9 5889 9 Dry 0 0  172 
P213989 5947 6 5947 6 5947 6 Dry 0 0  172 
p218389 5948 1 5943 8 5946 0 Decreasing 4 3  1 62 9 36e-06 
E19089 ND ND ND 

2 52e-06 P219189 5933 7 5933 5 5933 6 Increasing 0 2  28 
P219489 5947 5 5946 9 5947 2 Increasing 0 6  139 1 52e-06 

80 wpf 
I1 3-229 
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81 wpf a 

TABLE II.3.3-21 

SUMMARY OF HISTORICAL UPPER Hsu FLUCTUATIONS 

I I I i II 45993 I Alluvium I 5948 5 I <5945 7 i 
I I I 1 11 46093 I Alluvium I <5925 6 I <5925 6 1 

OU4 Proposed IMlIRA EA Decision Document 
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TABLE II.3.3-21 (continued) 

I 

SUMMARY OF HISTORICAL UPPER HSU FLUCTUATIONS 

4 1993 BEDROCK 5970 5 e5964 2 6 30 
42393 BEDROCK 5971 7 5967 25 4 45 

B208089 
B208589 
B208789 
B2 10489 
P207489 
P207689 
P207889 
€209289 
P209789 
P209989 
P213989 
P218389 
P219089 
€219189 
p2 19489 

05093 

43293- 

ll- 
BEDROCK 5943 3 <5941 4 1 9 0  
BEDROCK 5973 45 597 1 2 45 

Alluvium 5925 5 5922 7 2 80 
AllUVlum 5854 95 C5852 51 > 2  44 

OU4 Proposed IMlIRA EA Decision Document 
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TABLE 11.3.3-21 (continued) 

€210089 
P210189 
P219589 

0269 1 

SUMMARY OF HISTORICAL UPPER HSU FLUCTUATIONS 

BEDROCK 5882 6 <5876 8 >5 80 
BEDROCK 5970 9 5967 1 3 80 
BEDROCK > 5946 25 ND ND 
BEDROCK 5931 05 5927 3 3 751 

81 wpf 

Maximum 
screewd Historical 

Location Stratum Water Level 
(fi msl) 

45693 BEDROCK 5937 25 
45893 BEDROCK 5949 2 
46193 BEDROCK 5929 8 
76292 BEDROCK ND 

Minimum 
Hi !?tOl id  

Water Level 

<5931 3 
5942 5 
5929 5 

(ft 

ND 

Fluctuahon -I 
>O 75 

B208289 BEDROCK 5836 3 <5835 3 I B208389 BEDROCK 5869 75 < 5869 

Notes ND No data or inconclusive data to make selection 
>, < 
DRY 

Water levels or fluctuation greater than or less than reported value 
Water level was below base of screen for entire period 

OU4 Proposed IMlIRA EA Decision Document 
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TABLE II.3.3-22 

82 wpf a 

ESTIMATED MINIMUM DEPTHS TO ALLUVIUM WATER TABLE 
SPRING, 1993 

POND LOCATION DEPTH (FT) 

207-C 
207-C 
207-C 
207-A 
207-A 
207-A 

207-B NORTH 
207-B CENTER 
207-B SOUTH 
207-B SOUTH 

SOUTHWEST CORNER 
CENTER 
NORTH 

NORTH END 
CENTER 

SOUTH END 
CENTER 
CENTER 

NORTHERN EDGE 
SOUTHWEST CORNER 

I1 3-233 

c 10 
10 - 15 
15 - 20 

10 
= 5  
= 5  
c 10 
= 5  
c5  
0 

OU4 Proposed IMlIRA EA Decision Document 
February 10 1995 



TABLE II.3.3-23 

CATION EXCHANGE CAPACITY OF SELECTED M I N E W  

Mineral Cation Exchange Capacity RefeFence 

I Kaolimte 3 - 15 1 

1 Illite 10 - 40 1,2 

Chlorite 20 - 50 1 

Montmorillomte 80 - 120 

Smectites 80 - 150 I 2 

I 120 - 200 I 2 

Iron Hydroxides 10 - 25 1 

Manganese Oxides 200 - 300 1 

* Forstner and Wittman (1979) 

* Drever (1982) 

83 wpf 
I1 3-234 

OU4 Proposed IMlIRA EA Decision Document 
February 10 1995 



TABLE II.3.3-24 

RESULTS OF CEC, ELECTRICAL CONDUCTIVITY, AND TOC ANALYSES 

CEC EC TOC 
Sample Number (meq Ndloog) (mg KCl/Kg soil) ( P P I  

~ ~ ~ 

BH40396AE 4 5  

BH40397AE 27 

88 

360 

210 

5800 

BH40398AE 37 100 1200 

BH40401AE 41 

BH40402AE 51 

BH40403AE 27 

2500 

2000 

190 

2700 

590 

290 

BH40404AE 38 3 100 750 

BH40405AE 2 0  

BH40406AE 37 

BH40407AE 57 

57 120 

130 3 80 

250 13000 

BH40408AE 42 lo00 360 

BH40600AE 22 

BH40601AE 66 

BH40602AE 6 5  

BH40603AE 46 

280 3000 

390 14OOO 

330 1000 

1100 700 

BH40604AE 44 1900 2 100 

BH40605AE 51 

BH40606AE 40 

BH40607AE 30 

BH40608AE 23 

BH40609AE 13 

BH406 1 OAE 27 

BH40611AE 63 

1800 2000 

290 5500 

210 3400 

1800 

1900 

2200 

1200 

5900 

330 

540 

6900 

BH40612AE 20 8600 5300 

BH40613AE 20 8300 SO00 

I1 3-235 
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TABLE II.3.3-26 

PRIORITY LIST OF PORE WATER ANALYTES 
Presented in Technical Memorandum 1 

Nitrate/Nitnte as N 
Specific Conductance 

TCL Volatile Orgamcs 

TAL Metals 
U ~ ~ - 2 3 3 / 2 3 4 , 2 3 5 , 2 3 6 ,  and 238 

PlutoIllum-239/240 
Amencium-241 

Cesium- 137 
Strontmm-90 

Gross AlpWBeta 
Tntium 

TCL Semivolatile Orgamcs 
Major Inorgamc Cations and Aruons 

Pesticides 

PH 

86 wpf 
I1 3-238 
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TABLE II.3.3-33 

SOILS SELECTED FOR COLUMN LEACHING TESTS 

II “Ob- I -tion ID 

1 SS404 193 

2 SS404293 

3 ss404393 

4 42193 

5 42193 

6 42593 

11 8 I 43393 

43393 , 
It 10 1 Sandpack 

sample 
’ Number 

SS40 10 1 AE 

SS40 102AE 

SS40103AE 

BH40456AE 

BH40455AE 

BH40458AE 

BH40459AE 

BH40550AE 

BH40551AE 

It soil 
(feet) I Description 

0 - 0 7 5  

0 - 0 7 5  

no log- nearby BH41193 is silty 
sandy gravel with clay 

no log- nearby BH41193 is silty 
sandy gravel with clay 

0 - 0 7 5  

N clayey sandstone, greenish gray, 
7 4 - 7 6  I 
3 0 - 3 6  tan sandy, clayey gravel, dry, 

abundant quartzite 

greemsh white sandy clayey gravel, 
dry, abundant quartzite 

greenish white, dry, clayey gravel, 
some sand 

6 6 - 7 6 

4 0  

green-gray claystone, dry, some 
8 o  I small hematite nodules 

NA I Colorado Silica sand - 1640 mesh 11 

I1 3-247 
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TABLE II.3.3-37 

PORE VOLUMES REQUIRED TO DECREASE NO3 
CONCENTRATIONS IN LEACHATE 

Concentration in 

97 WPF 
I1 3-251 
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0 0 

- 0  
0 

8 
- 0  
0 
V 

8 
- 0  
0 
V 

2s 
2 2  

z z  
3 3  p 



e 

bmum 

cadrmum 

CalClum 

cyamde 

llthlum 

manganese 

mtratehtrite 

potassium 

Sodlum 

sulfide 

zinc 

lo 99 wpf 

TABLE II.3.4-1 

POTENTIAL CONTAMINANTS OF CONCERN 
IN OU4 SUBSURFACE SOILS AND BEDROCK 

amencium-241 

cesium-134 

cesium- 137 

gross beta 

plutomum-239/240 

radium-226 

stront1um-89/90 

tritium 

uranium-233/234 

urmum-235 

urmum-238 

bis(2-ethylhexy1)phthalate acetone 

methylene chloride 

toluene 

I1 3-253 
OU4 Proposed IM/IRA EA Decision Document 

February 10, 1995 
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TABLE IL3 4-3 

SUBSURFACE SOILS AND BEDROCK 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Start End Lab Detcct 
Locabon SampleNo Depth Depth QCCode QCPartner Charm4 Result Qual Vahd Limit Units --- ----- 

40093 BH40167AE 
40093 BH40170AE 
40 193 BH40488AE 
40193 BH40490AE 
40193 BH40493AE 
40193 BH40495AE 
40293 BH40118AE 
40393 BH40123AE 
40593 BH40128AE 
40593 BH40131AE 
40593 BH40365AE 
40593 BH40400AE 
40793 BH404 13AE 
40793 BH40157AE 
40793 BH40 160AE 
40793 BH40414AE 
40893 BH40030AE 
40993 BH40201AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
40993 BH40416AE 
41 193 BH40049AE 
41 193 BH40052AE 
41293 BH40196AE 
41593 BH40418AE 
41593 BH40417AE 
4 1593 BH40424AE 
41593 BH40419AE 
41693 BH40217AE 
41693 BH40220AE 
41 193 BH40243AE 
41793 BH40246AE 
4 1993 BH40062AE 
41993 BH40065AE 
42093 BH40483AE 
42093 BH40103AE 
42 193 BH40425AE 
42 193 BH40426AE 
42193 BH40427AE 
42193 BH40432AE 
42 193 BH40086AE 
42 193 BH4009 1 AE 
42193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH40261AE 
42393 BH40264AE 
42493 BH40439AE 
42493 BH40438AE 
42493 BH40112AE 
42493 BH40441AE 
42493 BH40440AE 
42493 BH40445AE 
42593 BH40446AE 
42593 BH40447AE 

0 
6 
0 
6 

12 
18 
0 
0 
0 
6 

12 
18 
0 
0 
6 

8 1  
0 
0 
6 

10 
20 
31 
0 
6 
0 
2 
0 
6 
4 
0 
6 
0 
6 
0 
6 
0 
0 
0 
2 
4 
6 

9 9  
16 
22 

28 3 
0 7  
6 1  

1 1  3 
0 
6 
2 
0 
2 
6 
4 
8 
0 
2 

6REAL 
8 4  REAL 

6REAL 
12 REAL 
18 REAL 
24 REAL 
2 9  REAL 

5REAL 
5REAL 

1 1  REAL 
18 REAL 
24 REAL 

5REAL 
5REAL 

8 1  REAL 
13 REAL 
7REAL 
6REAL 

10 REAL 
20 REAL 
31 REAL 
35 REAL 
6REAL 
8REAL 

3 3  REAL 
4REAL 
2REAL 

7 9  REAL 
6REAL 
6REAL 

12 REAL 
5REAL 

1 1  REAL 
6REAL 

12 REAL 
6REAL 
6 DUP 
2REAL 
4 REAL 
6REAL 

9 9  REAL 
16 REAL 
22 REAL 

283 REAL 
313 REAL 
6 1  REAL 

113 REAL 
129 REAL 

6 W  
8 1  REAL 

4REAL 
2 REAL 
4 DUP 
8 REAL 
6 REAL 

102 REAL 
2 REAL 
4 REAL 

BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 

BH40157AE BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 

BH40483AE BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 

BH40112AE BARIUM 
BARIUM 

BH40439AE BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 

106 
180 
142 
177 
236 
385 B 
134 
149 
193 
1 0 9  
124 
161 
162 
I30 
109 

93 3 
102 
114 
278 
345 B 
65 1 
104 
62 

74 9 
74 1 
100 
130 

457 B 
68 8 
92 3 
169 

15 5 
58 9 
68 8 
364 B 
54 4 
71 8 
63 3 
65 9 
445  B 
341 B 
747 * 
805 * 
819 * 
110 
110 
190 

52 3 
52 2 

38 B 
117 
268 * 
6 3 6  * 
403 B* 
494 * 
532 * 
73 7 
46 4 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
JA 
JA 
V 
V 
V 
V 
V 
V 
JA 
JA 
JA 
JA 
JA 
JA 
V 
V 

47 MGKG 
49 MGKG 
47 MGKG 
47 MGKG 
49 MGKG 
50 MGKG 
48 MGKG 
47 MGKG 
46 MGKG 
43 MGKG 
49 MGKG 
49 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 

439 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
46 MGKG 
42 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
47 MGKG 
47 MGKG 
44 MGKG 
45 MGKG 
44 MGKG 
46 MGKG 
43 MGKG 
47 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MG/KG 
10 MG/KG 
10 MGKG 
43 MGKG 
42 MGKG 
10 MGKG 
10 MGKG 
10 MG/KG 
10 MGKG 
10 MG/KG 
10 MG/KG 
10 MGKG 
10 MGKG 

Codes are explrned in Table II 3 6-1 
101 wql I1 3-2s 
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TABLE I U  4 3  

SUBSURFACE SOILS AND BEDROCK 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Start End Lab Detect 
Locabon SampleNo Depth Depth QCCode QCPartncr Chmcal Result Qual Valid Limit Units --- ----- 

42593 BH40448AE 
42593 BH40449AE 
42593 BH40450AE 
42593 BH40290AE 
42993 BH40 14 1 AE 
42993 BH40094AE 
42993 BH40144AE 
43 193 BH40306AE 
43193 BH40309AE 
43293 BH40041AE 
43293 BH40044AE 
43393 BH40510AE 
43393 BH40511AE 
43393 BH40517AE 
43393 BH40512AE 
43393 BH40324AE 
43493 BH403 19AE 
43493 BH40573AE 
43493 BH40322AE 
43593 BH40180AE 
43693 BH405 18AE 
43693 BH405 19AE 
43693 BH40521AE 
43693 BH40520AE 
43693 BH40522AE 
43693 BH40525AE 
43693 BH40563AE 
43793 BH40332AE 
43793 BH40335AE 
43893 BH40070AE 
43893 BH40073AE 
43993 BH40353AE 
44093 BH40348AE 
44093 BH40351AE 
44 193 BH40078AE 
44193 BH40081AE 
44193 BH40429AE 
44193 BH40568AE 
44193 BH40569AE 
44193 BH40570AE 
44193 BH40089AE 
44393 BH40033AE 
44593 BH40001AE 
44593 BH40005AE 
44793 BH40133AE 
44893 BH40 188AE 
44893 BH40191AE 
45693 BH40374AE 
45793 BH40557AE 
45893 BH40377AE 
45893 BH40380AE 
45893 BH40382AE 
46193 BH40385AE 
46193 BH40562AE 
46593 BH40700AE 
46593 BH40702AE 
46593 BH40705AE 
46593 BH40703AE 

4 6REAL 
6 8REAL 
8 102REAL 

102 168 REAL 
1 6REAL 
1 6 DUP 
7 10 REAL 
0 5REAL 
6 11 REAL 
0 6REAL 
6 10 REAL 
0 2REAL 
2 4REAL 
6 76REAL 
4 54REAL 

7 6  1 2 6 -  
0 5  53REAL 
0 5  53DUP 
5 3  113 REAL 

1 6REAL 
0 2REAL 
2 4REAL 
6 8REAL 
4 6REAL 
8 10 REAL 

10 13 REAL 
10 13 DUP 
0 6REAL 
6 115REAL 
0 6REAL 
6 12 REAL 
0 6REAL 
0 6REAL 
6 104REAL 
0 6REAL 
6 12 REAL 

234 294 REAL 
294 354 REAL 
354 416 REAL 
416 476 REAL 
476 502 REAL 

0 S R E A L  
0 62REAL 

6 2  114REAL 
0 25REAL 
0 5REAL 

6 2  1 2 2 -  
0 6REAL 
0 4REAL 
0 6REAL 
6 87REAL 

8 7  22 REAL 
0 6REAL 
0 6DUP 

075 275 REAL 
275 475 REAL 
675 875 REAL 
475 675 REAL 

Codes are explaned in Table I1 3 6 I 
101 wql 

BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 

BH40141AE BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 

BH40319AE BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 

BH40563AE BARIUM 
BH40525AE BARIUM 

BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 

BH40562AE BARIUM 
BH40385AE BARIUM 

BARIUM 
BARIUM 
BARlUM 
BARIUM 

I1 3 256 

31 B 
169 B 
81 6 
902 * 
69 8 
99 3 
48 9 
143 

249 B 
105 

94 3 
87 4 
239  B 
240 
263 B 
120 
130 
120 
140 
1 0 9  
144 * 

886 
301 B* 
427 B* 

23 B* 
4150 * 

285 * 
87 7 
60 2 
129 

387 B 
89 3 
226 
69 6 

83 
55 1 
83 7 
85 7 
77 2 
666 
81 7 
90 1 

62 
49 8 
135 
147 

59 2 
98 4 

52 
77 1 
51 5 
77 3 
364 * 
121 

67 3 
319 B 
272 B 
324 B 

V 
V 
V 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
JA 
V 
V 
V 
V 

10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
47 MGKG 
46 MGKG 
44 MGKG 
47 MGKG 
46 MGKG 
47 MGKG 
42 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
47 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
48 MGKG 
43 MGKG 
47 MGKG 
48 MGKG 
43 MGKG 

483 MGKG 
428 MGKG 

10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
43 MGKG 

454 MGKG 
455 MGKG 

46 MGKG 
46 MGKG 
47 MGKG 
10 MGKG 
10 MG/KG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
40 MG/KG 
40 MGKG 
40 MGKG 
40 MGKG 

004 Proposed IMllRA EA Dcusion Document 
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TABLE 113 4-3 

SUBSURFACE SOILS AND BEDROCK 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Start End Lab Detect 
Locabon SamplcNo Depth Depth QCCode QCPautncr Chermcal Result Qual Valid Limit Units 

46593 BH40711AE 
46593 BH40713AE 
46693 BH407 1 5AE 
46693 BH40717AE 
46693 BH40718AE 
46693 BH40726AE 
46693 BH40728AE 
46793 BH40729AE 
46793 BH4073 1 AE 
46793 BH40732AE 
46793 BH40740AE 
46793 BH40742AE 
46793 BH40823AE 
46893 BH40743AE 
46893 BH40745AE 
46893 BH40746AE 
46893 BH40748AE 
46893 BH40749AE 
46893 BH40754AE 
46993 BH40757AE 
46993 BH40830AE 
46993 BH40759AE 
46993 BH40768AE 
46993 BH40770AE 
47093 BH40771AE 
47093 BH40773AE 
47093 BH40774AE 
47093 BH40776AJ5 

40093 BH40167AE 
40093 BH40170AE 
40193 BH40488AE 
401 93 BH40490AE 
40193 BH40493AE 
40193 BH40495AE 
40293 BH40118AE 
40393 BH40123AE 
40593 BH40128AE 
40593 BH40131AE 
40593 BH40365AE 
40593 BH40400AE 
40793 BH40157AE 
40793 BH404 13AE 
40793 BH40160AE 
40793 BH40414AE 
40893 BH40030AE 
40993 BH40201AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
40993 BH40416AE 
4 1 193 BH40049AE 
41 193 BH40052AE 
41293 BH40196AE 
41593 BH40417AE 
41593 BH40418AE 
4 1593 BH404 19AE 
4 1593 BH40424AE 

Codes are expluned in Table I1 3 6 I 
101 wql 

8 75 
10 7 
0 5  

2 25 
4 6  
6 6  
8 6  
0 5  
2 5  
4 5  
6 5  
8 5  
8 5  
0 5  
2 5  
4 6  
6 6  
8 6  

1 1  5 
1 3  
1 3  
3 3  
5 5  
7 2  
0 7  
2 7  
4 8  
6 8  

0 
6 
0 
6 

12 
18 
0 
0 
0 
6 

12 
18 
0 
0 
6 

8 1  
0 
0 
6 

10 
20 
31 
0 
6 
0 
0 
2 
4 
6 

107 REAL 
164 REAL 
225 REAL 
425 REAL 
6 6  REAL 
7 6  REAL 

148 REAL 
2 5  REAL 
4 5  REAL 
6 5  REAL 
8 5  REAL 

147 REAL 
147 DUP 
2 5  REAL 
4 6  REAL 
6 6  REAL 
8 6  REAL 

106 REAL 
125 REAL 
3 1  REAL 
3 1  DUP 

5REAL 
7REAL 

131 REAL 
2 7  REAL 
4 1  REAL 
6 8  REAL 
8 8  REAL 

6REAL 
8 4  REAL 

6REAL 
12 REAL 
18 REAL 
24 REAL 
2 9  REAL 

5REAL 
5REAL 

1 1  REAL 
18 REAL. 
24 REAL 
5REAL 
5REAL 

8 1  REAL 
13 REAL 
7REAL 
6REAL 

10 REAL 
20 REAL 
31 REAL 
35 REAL 
6REAL 
8REAL 

3 3  REAL 
2REAL 
4 REAL 
6 REAL 

7 9  REAL 

BARRJM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARRJM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 

BH40742AE BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 

BH40757AE BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 

CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 

BH40157AE CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMKJM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 

11 3 257 

53 1 
157 
140 

412 B 
374 B 
60 3 
62 9 
801 
112 * 
201 * 
255 B* 
164 * 
311 
120 

93 6 
114 B 

79 1 
69 4 

67 
116 
256 
292 B 
9 7  B 
27 B 

103 
76 6 
418  B 
363 B 

1 4  N 
1 6 N  
1 2  UN 
1 2  UN 
1 2  UN 
1 2  UN 
1 2  u 
1 2  u 
11 u 
1 1  u 
1 2  u 
1 2  u 
1 2  u 
1 2  u 
1 2  u 
12 u 
1 1  u 
1 1  u 
1 1  u 
1 1  u 
11 u 
1 2  u 
1 2  u 
1 1  u 

1 3  U 
I 1  u 
1 2  u 

15 5 

22 1 

V 
V 
V 
V 
V 
V 
V 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

JA 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
JA 
JA 
V 
V 
V 
JA 
JA 
V 
V 
V 
V 
V 
V 
V 

40 MGKG 
40 MGKG 
40 MGKG 
40 MGKG 
40 MGKG 
40 MGKG 
40 MGKG 
40 MGKG 
40 MGKG 
40 MGKG 
40 MGKG 
40 MGKG 
40 MGKG 
40 MGKG 
40 MGKG 
40 MGKG 
40 MGKG 
40 MGKG 
40 MGKG 
40 MGKG 
40 MGKG 
40 MGKG 
40 MGKG 
40 MGKG 

200 MGKG 
200 MGKG 
200 MGKG 
200 MGKG 

1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
5 MGKG 
5 MGKG 
5 MG/KG 
5 MGKG 

1 1  MGKG 
5 MGKG 
5 MGKG 
5 MG/KG 
5 MGKG 
5 MGKG 
1 MGKG 
1 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MG/KG 
5 MG/KG 
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TABLE IL3 4-3 

SUBSURFACE SOILS AND BEDROCK 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Start End Lab Detect 
Locabon SamplcNo Depth Depth QCCode QCPartncr Chemical Result Qual Valid Limit Units 

41693 BH40217AE 
41693 BH40220AE 
41793 BH40243AE 
4 1793 BH40246AE 
41993 BH40062AE 
41993 BH40065AE 
42093 BH40483AE 
42093 BH40 103% 
42 193 BH40426AE 
42193 BH40425AE 
42 193 BH40427AE 
42 193 BH40432AE 
42193 BH40086AE 
42193 BH40091AE 
42193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH40261AE 
42393 BH40264AE 
42493 BH40438AE 
42493 BH40439AE 
42493 BH40 1 12AE. 
42493 BH40440AE 
42493 BH40441AE 
42493 BH40445AE 
42593 BH40447AE 
42593 BH40446AE 
42593 BH40448AE 
42593 BH40449AE 
42593 BH40450AE 
42593 BH40290AE 
42993 BH40141AE 
42993 BH40094AE 
42993 BH40144AE 
43 193 BH40306AE 
43193 BH40309AE 
43293 BH40041AE 
43293 BH40044AE 
43393 BH40511AE 
43393 BH40510AE 
43393 BH40517AE 
43393 BH40512AE 
43393 BH40324AE 
43493 BH403 19AE 
43493 BH40573AE 
43493 BH40322AE 
43593 BH40180AE 
43693 BH405 18- 
43693 BH405 19AE 
43693 BH40521AE 
43693 BH40520AE 
43693 BH40522AE 
43693 BH40525AE 
43693 BH40563AE 
43793 BH40332AE 
43793 BH40335AE 

0 6REAL 
6 12 REAL 
0 5REAL 
6 1 1  REAL 
0 6REAL 
6 12 REAL 
0 6REAL 
0 6DUP 
2 4REAL 
0 2REAL 
4 6REAL 
6 99REAL 

9 9  16REAL 
16 22 REAL 
22 283 REAL 

283 313 REAL 
0 7  6 1  REAL 
6 1  113REAL 

113 129 REAL 
0 6REAL 
6 8 1  REAL 
0 2REAL. 
2 4REAL 
2 4DUP 
4 6REAL 
6 8REAL 
8 l02REAL 
2 4REAL 
0 2REAL 
4 6REAL 
6 8REAL 
8 102REAL 

102 168 REAL 
1 6REAL 
1 6 DUP 
7 10 REAL 
0 5REAL 
6 11 REAL 
0 6REAL 
6 10 REAL 
2 4REAL. 
0 2REAL 
6 7 6  REAL 
4 54REAL 

7 6  126REAL 
0 5  53REAL. 
0 5  53DUP 
5 3  113REAL. 

1 6REAL 
0 2REAL 
2 4REAL. 
6 8 REAL 
4 6REAL 
8 10 REAL 

10 13 REAL 
10 13 DUP 
0 6 REAL 
6 1 1 5 R E A L  

CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 

BH40483AE CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 

BH40112AE CADMIUM 
BH40439AE CADMIUM 

CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 

BH40141AE CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 

BH403 19AE CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 

BH40563AE CADMIUM 
BH40525AE CADMIUM 

CADMIUM 
CADMIUM 

276 N 
614 N 
3 2  N 
1 1  UN 
1 1  UN 
1 2  UN 
1 1  UN 
1 2  UN 
1 1  u 

5 
1 1  u 
1 1  u 
1 2  u 
1 3  U 
1 2  u 
1 2  u 
2 1  
1 2  u 
1 1  u 
1 1  u 
1 1  u 

362 
547 
340 
37 5 

1 1  u 
1 2  u 
1 1  u 
4 7  
1 1  u 
1 1  u 
1 2  u 
1 2  u 
1 2  u 
1 2  u 
1 1  u 
1 2  UN 
2 5  N 
1 2  u 
1 1  u 
1 1  u 
3 6  
1 2  u 
1 1  u 
1 2  u 
1 5  
1 1  u 
1 1  u 
1 2  u 

48 4 
1 3  
1u 

I 1  u 
1u 

1 3  
1 6  

21 7 
37 6 

JA 
JA 
JA 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
V 
V 
V 
V 
V 
V 
V 
JA 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
v 
V 
V 
V 
JA 
V 
V 
V 
JA 
JA 
V 
V 

1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
1 MGKG 
1 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
1 MGKG 
5 MGKG 
5 MG/KG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 

Codes am explaJmd in Table I1 3 6-1 
101 wql I1 3 258 

OU4 Proposed IM/IRA E A  Decision Document 
F e b w  IO 1995 



TABLE IL3 43 

SUBSURFACE SOILS AND BEDROCK 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Start End Lab Wcct 
Locabon SamplcNo Dcpth Depth QCCode QCPartner Chemical Result Qual Valid Limit Umts --- ----- 

43893 BH40070AE 
43893 BH40073AE 
43993 BH40353AE 
44093 BH40348AE 
44093 BH40351AE 
44193 BH40078AE 
44193 BH40081AE 
44193 BH40429AE 
44193 BH40568AE 
44193 BH40569AE 
44193 BH40570AE 
44 193 BH40089AE 
44393 BH40033AE 
44593 BH40001AE 
44593 BH40005AE 
44793 BH40133AE 
44893 BH40188AE 
44893 BH40 19 1 AE 
45693 BH40374AE 
45793 BH40557AE 
45893 BH40377AE 
45893 BH40380AE 
45893 BH40382AE 
46193 BH40385AE 
46193 BH40562AE 
46593 BH40700AE 
46593 BH40702AE 
46593 BH40705AE 
46593 BH40703AE 
46593 BH40711AE 
46593 BH40713AE 
46693 BH40715AE 
46693 BH40717AE 
46693 BH40718AE 
46693 BH40726AE 
46693 BH40728AE 
46793 BH40729AE 
46793 BH4073 1AE 
46793 BH40732AE 
46793 BH40740AE 
46793 BH40742AE 
46793 BH40823AE 
46893 BH40743AE 
46893 BH40745AE 
46893 BH40746AE 
46893 BH40748AE 
46893 BH40749AE 
46893 BH40754AE 
46993 BH40757AE 
46993 BH40830AE 
46993 BH40759AE 
46993 BH40768AE 
46993 BH40770AE 
47093 BH40771AE 
47093 BH40773AE 
47093 BH40774AE 
47093 BH40776AE 

0 6REAL 
6 12 REAL 
0 6REAL 
0 6REAL 
6 104REAL 
0 6 R E A L  
6 12 REAL 

234 294 REAL 
294 354 REAL 
354 416 REAL 
416 476 REAL 
476 502 REAL 

0 5REAL 
0 62REAL 

6 2  114REAL 
0 25REAL 
0 5REAL 

6 2  122REAL 
0 6REAL 
0 4REAL 
0 6REAL 
6 87REAL 

8 7  22REAL 
0 6REAL 
0 6DUP 

075 275 REAL 
275 475 REAL 
675 875 REAL 
475 675 REAL 
875 107 REAL 
107 164 REAL 
0 5  225REAL 

225 425 REAL 
4 6  66REAL 
6 6  76REAL 
8 6  148REAL 
0 5  25REAL 
2 5  45REAL 
4 5  65REAL 
6 5  85REAL 
8 5  1 4 7 -  
8 5  147DUP 
0 5  25REAL 
2 5  46REAL 
4 6  66REAL 
6 6  86REAL 
8 6  106REAL 

1 1 5  125 REAL 
1 3  31REAL 
1 3  3 1  DUP 
3 3  5 R E A L  
5 5  7 REAL 
7 2  131 REAL 
0 7  27REAL 
2 7  47REAL 
4 8  6 8  REAL 
6 8  88REAL 

CADMIUM 
CADMIUM 
CADMRIM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 

BH40562AE CADMIUM 
BH40385AE CADMIUM 

CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 

BH40742AE CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 

BH40757AE CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMlUM 

1 2  u 
1 1  u 
1 2  UN 
1 2  u 
1 1  UN 
1 2  u 
1 1  u 
1 3  U 
1 3  U 
1 2  u 
1 2  u 
1 1  u 
1 1  u 
11 u 
1 1  u 
1 2  UN 
1 2  UN 
1 2  UN 
1 3  U 
11 u 
1 1  u 
1 2  u 
1 2  u 
1 2  u 
1 2  u 

63 7 
061 U 
066 U 
067 U 
068 U 
073 U 
135 
5 9  
3 6  U 

073 U 
073 U 
35 6 
071 U 

1 1  B 
073  U 
068 U 
071 U 
071 U 
068 U 
3 3  u 

11 4 
7 

4 8  
064 u 
064 U 

14  
071 U 
069 U 
0 7  U 

065 U 
2 3  
8 7  

V 
V 
JA 
V 
JA 
JA 
JA 
V 
V 
V 
V 
V 
V 
JA 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
JA 
V 
V 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 

1 2  MGKG 
1 1  MGKG 

5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
1 MGKG 

71 1 MGKG 
1 1  MGKG 

1 MGKG 
1 MGKG 
1 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGXG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
1 MGKG 
I MGKG 
5 MG/KG 
5 MGXG 
5 MGKG 
5 MGKG 

Coda arc explvned in Table 11 3 6 I 
101 wql 11 3-259 

OU4 Proposed IMllRA EA Decision Document 
February I O  1995 

~ 



TABLE IL3 4-3 

SUBSURFACE SOILS AND BEDROCK 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Locabon SampleNo 

40093 BH40167AE 
40093 BH40170AE 
40193 BH40488AE 
40193 BH40490AE 
40193 BH40493AE 
40193 BH40495AE 
40293 BH40118AE 
40393 BH40 123AE 
40593 BH40128AE 
40593 BH40131AE 
40593 BH40365AE 
40593 BH40400AE 
40793 BH40413AE 
40793 BH40157AE 
40793 BH40 160AE 
40793 BH40414AE 
40893 BH40030AE 
40893 BH40030AE 
40993 BH40201AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
40993 BH404 16AE 
41 193 BH40049AE 
4 1 193 BH40052AE 
4 1293 BH40 196AE 
41593 BH40419AE 
4 1693 BH402 1 7AE 
41 693 BH40220AE 
41793 BH40243AE 
4 1793 BH40246AE 
41993 BH40062AE 
41993 BH40065AE 
42093 BH40 103AE 
42093 BH40483AE 
42 193 BH40427AE 
42 193 BH40086AE 
42193 BH40091AE 
42 193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH40261AE 
42393 BH40264AE 
42493 BH40440AE 
42593 BH40448AE 
42593 BH40450AE 
42593 BH40290AE 
42993 BH40094AE 
42993 BH40141AE 
42993 BH40144AE 
43 193 BH40306AE 
43193 BH40309AE 
43293 BH40041AE 
43293 BH40044AE 
43393 BH40512AE 
43393 BH40324AE 

Start 
Dcp& 

0 
6 
0 
6 

12 
18 
0 
0 
0 
6 

12 
18 
0 
0 
6 

8 1  
0 
0 
0 
6 

10 
20 
31 
0 
6 
0 
4 
0 
6 
0 
6 
0 
6 
0 
0 
4 

9 9  
16 
22 

28 3 
0 7  
6 1  

1 1  3 
0 
6 
4 
4 
8 

10 2 
1 
1 
7 
0 
6 
0 
6 
4 

7 6  

End 
Depth QC Code QC Partner Chemical 

6REAL 
8 4  REAL 

6REAL 
12 REAL 
18 REAL 
24 REAL 
2 9  REAL 

5 R E A L  
5REAL 

1 1  REAL 
18 REAL 
24 REAL 

5REAL 
5REAL 

8 1  REAL 
13 REAL 
7REAL 
7REAL 
6REAL 

10 REAL 
20 REAL 
31 REAL 
35 REAL 
6REAL 
8 REAL 

3 3  REAL. 
6REAL 
6REAL 

12 REAL 
5REAL 

1 1  REAL 
6REAL 

12 REAL 
6 DUP 
6REAL 
6REAL 

16 REAL 
22 REAL 

283 REAL 
313 REAL 
6 1  REAL 

113 REAL 
129 REAL 

6REAL 
8 1  REAL 

6REAL 
6REAL 

102 REAL 
168 REAL 

6 DUP 
6 REAL 

10 REAL 
5 REAL 

1 1  REAL 
6 REAL 

10 REAL 
5 4  REAL 

126 REAL 

CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 

BH40157AE CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 

BH40483AE CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 

BH40141AE CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 

Lab 
Result Qual 

057 U 
0582 U 
0544 U 
0562 U 
0588 u 

2 68 
0602 U 
0605 U 
0556 U 
0504 U 
0586 U 
4 26 

0626 U 
0601 U 
0584 U 
0568 U 

052 U 
052 U 

0 708 
0546 U 
0546 U 
056 U 

0592 U 
0562 U 
0525 U 
0561 U 

16 2 
0565 U 
0577 u 
0 525 
0 525 
0559 u 
0567 U 
0584 U 
0586 U 

43 
0589 U 
0527 U 
0555 u 
0575 u 
016 U 
0 1 9  U 

0579 u 
0551 U 
0497 U 

1 69 
8 49 

0574 U 
0565 U 
0568 U 
0559 u 
0535 u 
0 599 
0492 U 
0595 u 

0 5  u 
0 896 
0591 u 

--- 

7 

Valid 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

.- 

V 

v 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
V 
V 
V 
V 
JA 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
JA 

Detcct 
Llrmt units 

0 5  UG/G 
0 5  UG/G 
0 5  UG/G 
0 5  UG/G 
0 5  UG/G 
0 5  UG/G 
0 5  UG/G 
0 5 UG/G 
0 5  UG/G 
0 5  UG/G 
0 5  UG/G 
0 5  UG/G 
0 5  UG/G 
0 5  UG/G 
0 5 UG/G 
0 5 UG/G 

0 UG/G 
0 5  UG/G 
0 5 UGlG 
0 5  UG/G 
0 5  UG/G 
0 5 UG/G 
0 5 YG/G 
0 5  UG/G 
0 5 UG/G 
0 5 UG/G , 
0 5 UG/G 
0 5 UG/G 
0 5 UG/G 
0 5  UG/G 
0 5  UG/G 
0 5  UG/G 
0 5 UG/G 
0 5  UG/G 
0 5  UG/G 
0 5 UG/G 
0 5  UG/G 
0 5 UG/G 
0 5 UG/G 
0 5  UG/G 
0 5  MGKG 
0 5  MGKG 
0 5 UG/G 
0 5  UG/G 
0 5 UG/G 
0 5 UG/G 
0 5 UG/G 
0 5  UG/G 
0 5  UG/G 
0 5 UG/G 
0 5  UG/G 
0 5 UG/G 
0 5  UG/G 
0 5 UG/G 
0 5  UG/G 
0 5 UG/G 
0 5  UGIG 
0 5 UG/G 

, --- 

I 

I 
Codes are explnned in Table I1 3 6 I 
101 wql II 3 260 
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TABLE II.3 43 

SUBSURFACE SOILS AND BEDROCK 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Locabon Sample No 

43493 BH40573AE 
43493 BH403 19AE 
43493 BH40322AE 
43593 BH40180AE 
43693 BH40520AE 
43793 BH40332AE 
43793 BH40335AE 
43893 BH40070AE 
43893 BH40073AE 
43993 BH40353AE 
44093 BH40348AE 
44093 BH4035 1 AE 
44193 BH40078AE 
44193 BH40078AE 
44193 BH40081AE 
44193 BH40081AE 
44193 BH40429AE 
44193 BH40568AE 
44193 BH40569AE 
44193 BH40570AE 
44193 BH40089AE 
44393 BH40033AE 
44593 BH40005AE 
44593 BH40005AE 
44793 BH40133AE 
44893 BH40188AE 
44893 BH40 19 1 AE 
45693 BH40374AE 
45793 BH40557AE 
45893 BH40377AE 
45893 BH4038OAE 
45893 BH40382AE 
46193 BH40562AE 
46193 BH40385AE 
46593 BH40786AE 
46593 BH40713AE 
46693 BH40792AE 
46693 BH40728AE 
46793 BH40798AE 
46793 BH40742AE 
46893 BH40804AE 
46893 BH40807AE 
46993 BH40810AE 
46993 BH40770AE 
47093 BH40816AE 

40093 BH40167AE 
40093 BH40170AE 
40193 BH40488AE 
40193 BH40490AE 
40193 BH40493AE 
40193 BH40495AE 
40293 BH40118AE 
40393 BH40123AE 
40593 BH40128AE 
40593 BH40131AE 
40593 BH40365AE 
40593 BH40400AE 

Start 
Depth 

0 5  
0 5  
5 3  
1 
4 
0 
6 
0 
6 
0 
0 
6 
0 
0 
6 
6 

23 4 
29 4 
35 4 
41 6 
47 6 

0 
6 2  
6 2  

0 
0 

6 2  
0 
0 
0 
6 

8 7  
0 
0 

0 75 
10 7 
0 5  
8 6  
0 5  
8 5  
0 5  
6 5  
1 3  
7 2  
0 7  

- 

Coda are explrncd in Table II 3 6 I 
101 wq1 

End 
Depth QCCodc QCPartner Chcmid 

Lab 
Result Qual Valid 

5 3  DUP 
5 3  REAL 

113 REAL 
6REAL 
6REAL 
6REAL 

115 REAL 
6REAL 

12 REAL 
6REAL 
6REAL 

104 REAL 
6REAL 
6REAL 

12 REAL 
12 REAL 

294 REAL 
354 REAL 
416 REAL 
476 REAL 
502 REAL 

5REAL 
114 REAL 
114 REAL 
2 5  REAL 

5 R E A L  
122 REAL 

6REAL 
4REAL 
6REAL 

8 7  REAL 
22 REAL 
6 DUP 
6REAL 

675 REAL 
164 REAL 
6 6  REAL 

148 REAL 
6 5  REAL 

147 REAL 
6 6  REAL 

1 1 5  REAL 
5REAL 

131 REAL 
6 8  REAL 

0 6REAL 
6 84REAL 
0 6 REAL 
6 12REAL 

12 18 REAL 
18 24 REAL 
0 29REAL 
0 5 REAL 
0 5 REAL 
6 11 REAL 

12 18 REAL 
18 24 REAL 

BH403 19AE CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 

BH40385AE CYANIDE 
BH40562AE CYANIDE 

CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 

LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 

II 3 261 

0574 u 
0559 u 
0553 u 
0614 U 

191 
056 U 

0543 u 
0601 U 

0 5  U 
0508 U 
0597 u 
0521 U 
0536 U 
0536 U 
0519 U 
0519 U 
0533 u 
0545 u 
0522 U 
0575 u 
0535  u 
0535 u 
0544 U 
0544 u 
0587 U 

056 U 
0565 U 
0629 U 
0 597 u 
0579 u 
0593 U 
0578 U 

123 
1 53 
054 U 
0 6  U 

6 81 
1 94 
30 7 
128 
2 02 
051 U 
052 U 
0 5 9  U 
053 U 

V 
V 
V 
V 
V 

V 

V 
V 
V 
V 
JA 
JA 
JA 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

5 1  B JA 
8 9  B JA 
5 6  B JA 
3 7  B JA 
5 4  B JA 
4 3  B JA 
53 B JA 
3 2  B JA 
7 3  B JA 
7 8  B JA 
6 7  B JA 

1 1  B JA 

Dctcct 
Limit Umts 

0 5  UG/G 
0 5  UG/G 
0 5  UG/G 
0 5  UG/G 
0 5  UG/G 
0 5  UG/G 
0 5  UG/G 
0 5  UG/G 
0 5  UG/G 
0 5  UG/G 
0 5  UG/G 
0 5  UG/G 

0 UG/G 
0 5  UG/G 

0 UG/G 
0 5 UG/G 
0 5  UG/G 
0 5 UG/G 
0 5 UG/G 
0 5  UG/G 
0 5 UG/G 
0 5 UG/G 

0 UG/G 
0 5  UG/G 
0 5  UG/G 
0 5 UG/G 
0 5  UCIG 
0 5 UG/G 
0 5 UG/G 
0 5  UG/G 
0 5  UG/G 
0 5  UG/G 
0 5  UG/G 
0 5  UG/G 
0 5  UG/G 
0 5 UG/G 
0 5 UG/G 
0 5  UG/G 
0 5 UG/G 
0 5  UG/G 
0 5 UG/G 
0 5  UG/G 
0 5  UG/G 
0 5  UG/G 
0 5 UG/G 

23 MGKG 
25 MGKG 
23 MGKG 
24 MGKG 
25 MGKG 
25 MGKG 
24 MGKG 
23 MGKG 
23 MGKG 
21 MGKG 
25 MGKG 
25 MG/KG 
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TABLE IW 4-3 

SUBSURFACE SOILS AND BEDROCK 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Start End Lab Detect 
Locabon SampleNo Depth Depth QCCode QCPartncr Chcrmoal Result Qual Valid Limit Units --- ----- 

40793 BH40157AE 
40793 BH40413AE 
40793 BH40 16OAE 
40793 BH40414AE 
40893 BH40030AE 
40993 BH40201AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH404 15AE 
40993 BH40416AE 
41 193 BH40049AE 
41193 BH40052AE 
41293 BH40196AE 
41593 BH40417AE 
41593 BH40418AE 
41593 BH40424AE 
41593 BH40419AE 
4 1693 BH402 1 7AE 
41693 BH40220AE 
41793 BH40243AE 
4 1793 BH40246AE 
4 1993 BH40062AE 
41993 BH40065AE 
42093 BH40483AE 
42093 BH40103AE 
42193 BH40425AE 
42193 BH40426AE 
421 93 BH40432AE 
42 193 BH40427AE 
42 193 BH40086AE 
42193 BH40091AE 
42193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH40261AE 
42393 BH40264AE 
42493 BH40438AE 
42493 BH40439AE 
42493 BH40112AE 
42493 BH40441AE 
42493 BH40440AE 
42493 BH40445AE 
42593 BH40447AE 
42593 BH40446AE 
42593 BH40448AE 
42593 BH40449AE 
42593 BH40450AE 
42593 BH40290AE 
42993 BH40141AE 
42993 BH40094AE 
42993 BH40144AE 
43 193 BH40306AE 
43 193 BH40309AE 
43293 BH40041AE 
43293 BH40044AE 
43393 BH405 1 1AE 

0 
0 
6 

8 1  
0 
0 
6 

10 
20 
31 
0 
6 
0 
0 
2 
6 
4 
0 
6 
0 
6 
0 
6 
0 
0 
0 
2 
6 
4 

9 9  
16 
22 

28 3 
0 7  
6 1  

1 1  3 
0 
6 
0 
2 
2 
6 
4 
8 
2 
0 
4 
6 
8 

10 2 
1 
1 
7 
0 
6 
0 
6 
2 

Codes are expluned in Table I1 3 6 I 
101 wql 

5REAL 
5REAL 

8 1  REAL 
13 REAL 
7REAL 
6REAL 

10 REAL 
20 REAL 
31 REAL 
35 REAL 
6REAL 
8REAL 

3 3  REAL 
2REAL 
4REAL 

7 9  REAL 
6REAL 
6REAL 

12 REAL 
5REAL 

1 1  REAL 
6REAL 

12 REAL 
6REAL 
6 DUP 
2REAL 
4REAL 

9 9  REAL 
6REAL. 

16 REAL 
22 REAL 

283 REAL 
313 REAL 
6 1  REAL. 

113 REAL 
129 REAL 

6REAL 
8 1  REAL 

2REAL 
4REAL 
4 DUP 
8REAL 
6 REAL 

102 REAL 
4 REAL 
2REAL 
6REAL 
8REAL 

102 REAL 
168 REAL 

6 REAL 
6 DUP 

10 REAL 
5REAL 

1 1  REAL 
6 REAL 

10 REAL 
4 REAL 

LITHIUM 
BH40157AE LITHIUM 

LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
L I T "  
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 

BH40483AE LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 

BH40112AE LITHIUM 
BH40439AE LITHIUM 

LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 

BH40141AE LITHIUM 
LlTHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 

II 3 262 

6 B  
109 B 
6 3  B 
4 9  B 
6 9  B 
4 6  B 
4 3  B 
6 3  B 
7 7  B 
6 3  B 

104 B 
131 B 

6 B  
508 B 
164 B 
5 5  B 
7 7  B 

23 5 
79 9 
127 B 
103 B 
9 1  B 
2 3  U 
3 7  B 
3 2  B 

8 3  B 
3 3  B 
5 5  B 
2 6  B 
4 7  B 
4 2  B 
6 9  B 

158 B 
191 B 
9 5  B 
5 2  B 
5 4  B 

34 2 
186 B 
108 B 
118 B 
126 B 
5 5  B 
9 5  B 

9 4  B 
4 7  B 
4 9  B 
6 9  B 
7 7  B 
10 B 

5 6  B 

8 B  
9 B  

3 3  B 
1 1 5  B 

27 2 

27 4 

33 5 

JA 
JA 
JA 
JA 
V 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 

10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 

219 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
23 MGIKG 
21 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
23 MGKG 
23 MGKG 
22 MGIKG 
22 MGKG 
22 MGKG 
23 MGKG 
22 MGKG 
23 MGKG 
10 MGKG 
10 MGIKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MG/KG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
22 MGKG 
21 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
23 MGKG 
23 MGKG 
22 MGKG 
24 MGKG 
23 MGKG 
23 MGKG 
21 MGKG 
10 MGKG 
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TABLE 113 43 

SUBSURFACE SOILS AND BEDROCK 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Start End Lab Detat 
Looatmn SampleNo Depth Depth Q C W e  QC Partner Chemical Result Qual Valid Limtt Untts 

43393 BH40510AE 
43393 BH405 17AE 
43393 BH40512AE 
43393 BH40324AE 
43493 BH403 19AE 
43493 BH40573AE 
43493 BH40322AE 
43593 BH40180AE 
43693 BH40518AE 
43693 BH40519AE 
43693 BH40520AE 
43693 BH40521AE 
43693 BH40522AE 
43693 BH40525AE 
43693 BH40563AE 
43793 BH40332AE 
43793 BH40335AE 
43893 BH40070AE 
43893 BH40073AE 
43993 BH40353AE 
44093 BH40348AE 
44093 BH40351AE 
44193 BH40078AE 
44 193 BH4008 1 AE 
44193 BH40429AE 
44193 BH40568AE 
44193 BH40569AE 
44193 BH40570AE 
44 193 BH40089AE 
44393 BH40033AE 
44593 BH40001AE 
44593 BH40005AE 
44793 BH40133AE 
44893 BH40 188AE 
44893 BH40191AE 
45693 BH40374AE 
45793 BH40557AE 
45893 BH40377AE 
45893 BH40380AE 
45893 BH40382AE 
46193 BH40385AE 
46193 BH40562AE 
46593 BH40700AE 
46593 BH40702AE 
46593 BH40703AE 
46593 BH40705AE 
46593 BH40711AE 
46593 BH40713AE 
46693 BH40715AE 
46693 BH40717AE 
46693 BH407 18AE 
46693 BH40726AE 
46693 BH40728AE 
46793 BH40729AE 
46793 BH4073 1AE 
46793 BH40732AE 
46793 BH40740AE 
46793 BH40742AE 

0 2REAL 
6 76REAL 
4 54REAL 

7 6  126REAL 
0 5  53REAL 
0 5  53DUP 
5 3  113REAL 

1 6REAL 
0 2REAL 
2 4REAL 
4 6REAL 
6 8REAL 
8 10 REAL 

10 13 REAL 
10 13 DUP 
0 6REAL 
6 l l 5 R E A L  
0 6REAL 
6 12 REAL 
0 6REAL 
0 6REAL 
6 104REAL 
0 6REAL 
6 12 REAL 

234 294 REAL 
294 354 REAL 
354 416 REAL 
416 476 REAL 
476 502 REAL 

0 5REAL 
0 62REAL 

6 2  114REAL 
0 25REAL 
0 5REAL 

6 2  1 2 2 -  
0 6REAL 
0 4REAL 
0 6REAL 
6 87REAL 

8 7  22REAL 
0 6REAL 
0 6DUP 

075 275 REAL 
275 475 REAL 
475 675 REAL 
675 875 REAL 
875 107 REAL 
107 164 REAL 
0 5  225 REAL 

225 425 REAL 
4 6  66REAL 
6 6  76REAL 
8 6  148REAL 
0 5  25REAL 
2 5  45REAL 
4 5  65REAL 
6 5  8 5 R E A L  
8 5  147REAL 

Codes are explaned in Table I1 3 6-1 
IO1 wql 

LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 

BH40319AE LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 

BH40563AE LITHIUM 
BH40525AE LITHIUM 

LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LlTHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHlUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHluM 
LITHIUM 

BH40562AE LITHIUM 
BH40385AE LITHIUM 

LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 

I1 3 263 

30 9 
182 B 
138 B 
9 3  B 

161 B 
162 B 
156 B 

1 1  B 
43 1 
168 B 

10 B 
6 8  B 

7 B  
8 6  B 
6 9  B 
9 5  B 

208 B 
10 B 

2 6  B 
136 B 
107 B 
8 3  B 
7 9  B 
5 8  B 
6 2  B 
5 3  B 
7 9  B 
5 1  B 
4 4  B 
7 5  B 
8 8  B 

109 B 
8 1  B 
7 1  B 
6 5  B 

112 B 
6 4  B 
6 8  B 
5 6  B 
4 9  B 

101 B 
9 6  B 
12 B 

5 4  B 
109 B 
5 3  B 
5 5  B 
5 3  B 
60 

119 B 
1 1 1  B 

1 1  B 
6 8  B 

31 6 
188 B 
7 7  B 
9 B  

6 5  B 

JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
V 
V 
JA 
JA 
JA 
JA 
JA 
JA 
V 
V 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
Y 
Y 
Y 
Y 
Y 

10 MGlKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
24 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
24 MGKG 
21 MGKG 
23 MGKG 
24 MGKG 
21 MGKG 

241 MGKG 
214 MGKG 

10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
22 MGKG 

227 MGKG 
227 MGKG 

23 MGKG 
23 MGKG 
24 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MG/KG 
20 MGKG 
20 MGKG 
20 MGKG 
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i TABLE IL3 4-3 

SUBSURFACE SOILS AND BEDROCK 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

I 

Start End Lab Detect 
Locabon SampleNo Depth Depth QCCode QCPartner Cheuuaal Result Qual Valid Limit Umts 

46793 BH40823AE 
46893 BH40743AE 
46893 BH40745AE 
46893 BH40746AE 
46893 BH40748AE 
46893 BH40749AE 
46893 BH40754AE 
46993 BH40757AE 
46993 BH40830AE 
46993 BH40759AE 
46993 BH40768AE 
46993 BH40770AE 
47093 BH4077 1 AE 
47093 BH40773AE 
47093 BH40774AE 
47093 BH40776AE 

40093 BH40167AE 
40093 BH40170AE 
40193 BH40488AE 
40193 BH40488AE 
40193 BH40490AE 
40193 BH40490AE 
40193 BH40493AE 
40193 BH40493AE 
40193 BH40495AE 
40193 BH40495AE 
40293 BH40118AE 
40393 BH40123AE 
40593 BH40128AE 
40593 BH40131AE 
40593 BH40365AE 
40593 BH40400AE 
40793 BH40157AE 
40793 BH40413AE 
40793 BH40 160AE 
40793 BH40414AE 
40893 BH40030AE 
40993 BH40201 AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
40993 BH40416AE 
4 1 193 BH40049AE 
41 193 BH40052AE 
4 1293 BH40 1 96AE 
41593 BH40418AE 
4 1593 BH40424AE 
41693 BH40217AE 
4 1693 BH40220AE 
41793 BH40243AE 
41793 BH40246AE 
41993 BH40062AE 
4 1993 BH4006SAE 
42093 BH40 103AE 
42093 BH40483AE 
42193 BH40426AE 
42193 BH40432AE 

Codes are explamcd in Table I! 3 6 I 
101 wql 

8 5  
0 5  
2 5  
4 6  
6 6  
8 6  

11 5 
1 3  
1 3  
3 3  
5 5  
7 2  
0 7  
2 7  
4 8  
6 8  

0 
6 
0 
0 
6 
6 

12 
12 
18 
18 
0 
0 
0 
6 

12 
18 
0 
0 
6 

8 1  
0 
0 
6 

10 
20 
31 
0 
6 
0 
0 
4 
0 
6 
0 
6 
0 
6 
0 
0 
0 
4 

147 DUF' 
2 5  REAL 
4 6  REAL 
6 6  REAL 
8 6  REAL 

106 REAL 
125 REAL 
3 1  REAL 
3 1  DUP 

5REAL 
7REAL 

131 REAL 
2 7  REAL 
4 7  REAL 
6 8  REAL 
8 8  REAL 

6REAL 
8 4  REAL 

6REAL 
6REAL 

12 REAL 
12 REAL 
18 REAL 
18 REAL 
24 REAL 
24 REAL 
2 9  REAL 

5REAL 
5REAL 

1 1  REAL 
18 REAL 
24 REAL 

S R E A L  
5REAL 

8 1  REAL 
13 REAL 
7REAL 
6REAL 

10 REAL 
20 REAL 
31 REAL 
35 REAL 
6REAL 
8REAL 

3 3  REAL 
4REAL 

7 9  REAL 
6REAL 

12 REAL 
S R E A L  

1 1  REAL 
6REAL 

12 REAL 
6 DUP 
6 REAL 
4 REAL 

9 9  REAL 

BH40742AE LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 

BH40757AE LITHIUM 
LITHIUM 
LITHIUM 
LITHIUM 
LITHILJM 
LITHIUM 
LITHIUM 
LITHIUM 

NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATEMITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 

BH40 1 57AE NITRATEMITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATEMTTRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATEMTRITE 
NITRATWNITRITE 
NITRATENITRITE 
NITRAWITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATWITRITE 
NITRATEMITRITE 
NITRATEMITRITE 
NITRATEMITRITE 
NITRATEMITRITE 
NITRATEMITRITE 

BH40483AE NITRATENITRITE 
NITRATENITRITE 
NITRATE/NITRlTE 
NITRATENITRITE 

I1 3 264 

5 8  B 
8 B  

105 B 
5 5  B 
6 3  B 
2 6  B 
5 1  B 

25 6 
37 5 
4 9  B 

112 B 
062 U 

13 B 
6 5  B 
6 6  B 

101 B 

1 6  
2 3  

1 93 
1 93 
2 19 
2 19 
3 99 
3 99 
142 
142 
2 2  

0 
1 6  

4 
13 2 
387 

6 45 
6 07 
1 1  3 
23 4 
2 31 
170 

57 3 
1670 
1080 
505 
12 1 
41 8 
48 9 

2120 
470 
74 8 
183 
19 

343 
56 4 
2 1  

26 3 
22 3 

6100 
21 9 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

V 
V 
V 

V 

V 
V 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 

100 MGKG 
100 MGKG 
100 MGKG 
100 MGKG 

024 MGKG 
024 MGKG 
023 MGKG 
023 MGKG 
023 MGKG 
023 MGKG 
0 2 4  MGKG 
024 MGKG 
024 MGKG 
024 MGKG 
024 MGKG 
024 MGKG 
023 MGKG 
022 MGKG 
024 MGKG 
024 MGKG 
024 MGKG 
024 MGKG 
025 MGKG 
072 MGKG 
0 2  UG/G 

466 MGKG 
442 MGKG 
1 13 MGKG 
1 13 MGKG 

239 MGKG 
023 MGKG 
024 MGKG 
2 19 MGKG 
127 MGKG 

243 MGKG 
223 MGKG 
578 MGKG 
022 MGKG 
109 MGKG 
022 MGKG 
023 MGKG 
023 MG/KG 
024 MGKG 
478 MGKG 
1 15 MGKG 
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TABLE IU 4-3 

SUBSURFACE SOILS AND BEDROCK 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Start End Lab Detect 
Locatton SamplcNo Depth Depth QCCodt QCPartncr Chermcal Result Qual Valid Lirmt Units --- PI__--- 

42 193 BH40086AE 
42193 BH40091AE 
42 193 BH40430AE 
42 193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH4026 1 AE 
42393 BH40264AE 
42493 BH40439AE 
42493 BH40112AE 
42493 BH40441AE 
42493 BH40445AE 
42593 BH40447AE 
42593 BH40449AE 
42593 BH40450AE 
42593 BH40290AE 
42993 BH40 14 1 AE 
42993 BH40141AE 
42993 BH40094AE 
42993 BH40094AE 
42993 BH40144AE 
42993 BH40144AE 
43 193 BH40306AE 
43193 BH40309AE 
43293 BH40041AE 
43293 BH40044AE 
43393 BH40511AE 
43393 BH40517AE 
43393 BH40324AE 
43493 BH40573AE 
43493 BH403 19AE 
43493 BH40322AE 
43593 BH40180AE 
43693 BH40519AE 
43693 BH40521AE 
43693 BH40525AE 
43793 BH40332AE 
43793 BH40335AE 
43893 BH40070AE 
43893 BH40073AE 
43993 BH40353AE 
44093 BH40348AE 
44093 BH40351AE 
44193 BH40078AE 
44 193 BH4008 1 AE 
441 93 BH40429AE 
44193 BH40568AE 
44193 BH40569AE 
44193 BH40570AE 
44193 BH40089AE 
44393 BH40033AE 
44593 BH40001AE 
44593 BH40005AE 
44793 BH40133AE 
44893 BH40188AE 
44893 BH40191AE 
45693 BH40374AE 

9 9  16REAL 
16 22 REAL 
22 283 REAL 

283 313 REAL 
0 7  6 1  REAL 
6 1  113REAL 

113 129 REAL 
0 6REAL 
6 8 1  REAL 
0 4REAL 
2 4 D u P  
4 8REAL 
8 l02REAL 
0 4REAL 
4 8REAL 
8 1 0 2 -  

102 168 REAL 
1 6REAL 
1 6REAL 
1 6 DUP 
1 6 DUP 
7 10 REAL 
7 10 REAL 
0 5REAL 
6 1 1  REAL 
0 6REAL 
6 10 REAL 
0 4REAL 
4 76REAL 

7 6  126REAL 
0 5  53DUP 
0 5  53REAL 
5 3  113REAL 

1 6REAL 
0 4REAL 
4 8REAL 

10 13 REAL 
0 6REAL 
6 115REAL 
0 6REAL 
6 12 REAL 
0 6REAL 
0 6REAL 
6 104 REAL 
0 6REAL 
6 12 REAL 

234 294 REAL 
294 354 REAL 
354 416 REAL. 
41 6 476  REAL 
476 502 REAL 

0 5 REAL 
0 62REAL 

6 2  114REAL 
0 25REAL 
0 5 REAL 

6 2  122 REAL 
0 6 REAL 

Codes are explaned in Table II 3 6 I 
101 wql 

NITRAl.EmmTE 
NITRA- 
NITRATENITRITE 
NITRATENITRITE 
NITRATEMITRITE 
N I T R A T E N r n  
"ITRITE 
NITRATENITRITE 
NITRATENITRITE 

BH40112AE NITRATENITRITE 
BH40439AE NITRATENITRITE 

NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 
"ITRITE 
"ITRITE 
NITRATENITRITE 
N"ITRITE 
NITRATENITRITE 

BH40141AE NITRATENITRITE 
BH40141AE NITRATENITRITE 

NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITFXWNITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 

BH403 19AE NITRATENITRITE 
NITRATENITRITE 
NITRATENITRIE 
NITRA- 
NITRATENITRITE 
NITRA- 

BH40563AE NITRATWITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATEMITRITE 
NITRATWITRITE 
NITRATENITRITE 
NITRATEMITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATEMITRITE 
NITRATEMITRITE 
NITRATEMITRITE 
NITRATEMITRITE 
NITRATEMITRITE 
NITRATEMITRITE 
NITRATEMITRITE 
NITRATENITRITE 
NITRATEMITRITE 
NITRATEMITRITE 
NITRATFYNITRITE 
NITRATEMITRITE 

II 3 265 

25 1 
51 

3 62 
5 75 
1 74 
5 78 
21 1 
21 8 
0 52 
1150 
987 
17 1 
1 1  8 

1810 
422 
187 

88 3 
26 
26 

34 7 
34 7 
286 
286 
7 48 
141 
2 9  
1 3  

1610 
2040 

656 
1 82 
2 36 
0 71 

1000 
349 
553 

21 3 
165 
3 1  
3 9  

8 45 
5 8  

7 88 
4 1  
3 6  

117 
0 55 
0 44 

1 3  
0 87 
2 5  

45 9 
15 5 
2 1  
2 3  
7 7  
22 1 

25 U 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

V 

V 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

V 
V 
V 
V 
V 
V 
V 

0 4 9  MGKG 
1.24 MGKG 
024 MGKG 
024 MGKG 
023 MGKG 
024 MGKG 
024 MGKG 
0 2 2  MGKG 
021 MGKG 
483 MGKG 
512 MGKG 
022 MGKG 
024 MGKG 
1 1 1  MGKG 
109 MGKG 
599 MGKG 
349 MGKG 
022 MGKG 
022 MGKG 
023 MGKG 
023 MGKG 
022 MGKG 
022 MGKG 
025 MGKG 
443 MGKG 
024 MGKG 
021 MGKG 
212 MGKG 
124 MGKG 

234 MGXG 
022 MGKG 
023 MGKG 
022 MGXG 

25 MGKG 
443 MGKG 
103 MGKG 
11 8 MGKG 
096 MGKG 
023 MGKG 
025 MGKG 
021 MGKG 
023 MGKG 
025 MGKG 
022 MGKG 
022 MGKG 
0 21 MGKG 
025 MGKG 
025 MGKG 
023 MGKG 
023 MGKG 
022 MG/KG 
022 MGKG 
0 2  UG/G 
0 2  UG/G 

023 MGKG 
024 MGKG 
023 MGKG 
256 MGKG 
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TABLE IL3 4-3 

SUBSURFACE SOILS AND BEDROCK 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Start 
Locabon SampleNo Depth 

45793 BH40557AE 0 
45893 BH40377AE 0 
45893 BH40380AE 6 
45893 BH40382AE 8 7  
46193 BH40562AE 0 
46193 BH40385AE 0 
46593 BH40785AE 075 
46593 BH40787AE 6 7 5  
46593 BH40790AE 875 
46593 BH40713AE 107 
46693 BH40791AE 0 5 
46693 BH40796AE 6 6  
46693 BH40728AE 8 6  
46793 BH40797AE 0 5  
46793 BH40802AE 6 5  
46793 BH40742AE 8 5  
46893 BH40803AE 0 5  
46893 BH40805AE 4 6  
46893 BH40808AE 1 1  5 
46993 BH40809AE 1 3 
46993 BH40814AE 5 5 
46993 BH40770AE 7 2  
47093 BH40824AE 0 7  
47093 BH40815AE 0 7 
47093 BH40817AE 4 8  

40093 BH40 167AE 
40093 BH40 170AE 
40193 BH40488AE 
401 93 BH40490AE 
401 93 BH40493AE 
40 193 BH40495AE 

40393 BH40123AE 
40593 BH40128AE 
40593 BH40131AE 
40593 BH40365AE 
40593 BH40400AE 
40793 BH40413AE 
40793 BH40157AE 
40793 BH40160AE 
40793 BH40414AE 
40893 BH40030AE 
40993 BH40201AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
40993 BH40416AE 
4 1 193 BH40049AE 
41 193 BH40052AE 
4 1293 BH40 1 96AE 
41593 BH40417AE 
41593 BH40418AE 
41593 BH40419AE 
41 593 BH40424AE 
41693 BH40217AE 
4 1693 BH40220AE 
41793 BH40243AE 

40293 ~ ~ 4 0 1  l a m  

Codes are cxplvncd in Table 11 3 6-1 
101 wql 

End 
Depth QC Gnie QC Partner Chemical 

Lab 
Result Qual Valid 

Dctect 
Limt Units 

4REAL 
6REAL 

8 7  REAL 
22REAL 
6 DUP 
6REAL 

475 REAL 
875 REAL 
107 REAL 
164 REAL 
425 REAL 

7 6  REAL 
148 REAL 
4 5  REAL 
8 5  REAL 

147 REAL 
4 6  REAL 
8 6  REAL 

125 REAL 
5REAL 
7REAL 

131 REAL 
4 7  DUP 
4 7  REAL 
8 8  REAL 

0 6REAL 
6 84REAL 
0 6 R E A L  
6 12 REAL 

12 18 REAL 
18 24 REAL 
0 29REAL 
0 5REAL 
0 5 R E A L  
6 1 1  REAL 

12 18 REAL 
18 24 REAL 
0 5REAL 
0 5 R E A L  
6 8 1  REAL 

8 1  13REAL 
0 7REAL 
0 6REAL 
6 10 REAL 

10 20 REAL 
20 31 REAL 
31 35 REAL 
0 6REAL 
6 8REAL 
0 33REAL 
0 2REAL 
2 4REAL 
4 6 REAL 
6 79REAL 
0 6REAL 
6 12 REAL 
0 5 REAL 

NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 

BH40385AE NITRATENITRITE 
BH40562AE NITRATENITRITE 

NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 
"rn 
NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATERJITRITE 
NITRATFfNITRITE 
NITRAMITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 

BH40815AE NITRATENITRITE 
NITRATENITRITE 
NITRATENITRITE 

ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 

BH40157AE ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 

II 3 264 

5 
2 62 
7 13 
112 
3% 
214 

5200 
634 
507 
668 
462 

1030 
558 

2640 
1050 
79 1 
115 
162 
496 
31 1 

2860 
308 
91 2 
46 9 
128 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 

48 6 V 
70 9 V 
53 1 EN JA 
592 EN JA 
399 EN JA 
325 EN JA 
49 8 V 
5 5 1  E JA 
90 4 V 
34 1 v 
115 V 

67 4 V 
54 3 V 
38 6 V 
22 a JA 
442 JA 
22 6 V 
30 7 V 
9 9  V 

21 7 V 
61 2 JA 
71 3 JA 
236 E JA 
242 E JA 
19 6 V 
53 2 V 

16 JA 
1 1  8 JA 
17 6 V 
28 5 V 
50 9 JA 
14 9 JA 

022 MGKG 
022 MGKG 
025 MGKG 
467 MGKG 
6 0 9  MGKG 
486 MGKG 

0 5  UG/G 
0 5  UG/G 
0 5  UG/G 
0 5  UG/G 
0 5 UG/G 
0 2  UG/G 
0 2  UG/G 
0 2  UG/G 
0 2  UG/G 
0 2  UG/G 
0 2  UG/G 
0 2  UG/G 
0 2  UG/G 
0 2  UG/G 
0 2  UG/G 
0 2  UG/G 
0 2  UG/G 
0 2  UG/G 
0 2  UG/G 

5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
5 MGKG 
4 MGKG 
5 MGKG 
5 MGKG 

10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 

4 4  MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MG/KG 
5 MG/KG 
4 MGKG 

10 MGKG 
10 MGKG 
10 MGKG 
10 MG/KG 
10 MGKG 
5 MGKG 
5 MG/KG 
4 MG/KG 
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TABLE I U  4-3 

SUBSURFACE SOILS AND BEDROCK 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Locauon SamplaNo 

4 1793 BH40246AE 
41993 BH40062AE 
41993 BH40065AE 
42093 BH40483AE 
42093 BH40 103AE 
42193 BH40426AE 
42 193 BH40425AE 
42 193 BH40427AE 
42 193 BH40432AE 
42 193 BH40086AE 
42193 BH40091AE 
42 193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH40261AE 
42393 BH40264AE 
42493 BH40439AE 
42493 BH40438AE 
42493 BH40112AE 
42493 BH40441AE 
42493 BH40440AE 
42493 BH40445AE 
42593 BH40447AE 
42593 BH40446AE 
42593 BH40448AE 
42593 BH40449AE 
42593 BH40450AE 
42593 BH40290AE 
42993 BH40 14 1 AE 
42993 BH40094AE 
42993 BH40 144AE 
43 193 BH40306AE 
43193 BH40309AE 
43293 BH4004 1 AE 
43293 BH40044AE 
43393 BH40511AE 
43393 BH40510AE 
43393 BH405 17AE 
43393 BH40512AE 
43393 BH40324AE 
43493 BH403 19AE 
43493 BH40573AE 
43493 BH40322AE 
43593 BH40180AE 
43693 BH405 18AE 
43693 BH40519AE 
43693 BH40520AE 
43693 BH40521AE 
43693 BH40522AE 
43693 BH40525AE 
43693 BH40563AE 
43793 BH40332AE 
43793 BH40335AE 
43893 BH40070AE 
43893 BH40073AE 
43993 BH40353AE 

Start 
Depth 

6 
0 
6 
0 
0 
2 
0 
4 
6 

9 9  
16 
22 

28 3 
0 7  
6 1  

11 3 
0 
6 
2 
0 
2 
6 
4 
8 
2 
0 
4 
6 
8 

10 2 
1 
1 
7 
0 
6 
0 
6 
2 
0 
6 
4 

7 6  
0 5  
0 5  
5 3  

1 
0 
2 
4 
6 
8 

10 
10 
0 
6 
0 
6 
0 

End 
Depth QCCode QCPahcr Chemical 

11 REAL ZINC 
6REAL ZINC 

12 REAL ZINC 
6REAL ZINC 
6 DUP BH40483AE ZINC 
4REAL ZINC 
2REAL ZINC 
6REAL ZINC 

9 9  REAL ZINC 
16 REAL ZINC 
22 REAL ZINC 

283 REAL ZINC 
313 REAL ZINC 
6 1  REAL ZINC 

113 REAL ZINC 
129 REAL ZINC 

6REAL ZINC 
8 1  REAL ZINC 

4 REAL BH40112AE ZINC 
2REAL ZINC 
4 DUP BH40439AE ZINC 
8REAL ZINC 
6REAL ZINC 

102 REAL ZINC 
4REAL ZINC 
2REAL ZINC 
6REAL ZINC 
8REAL ZINC 

102 REAL ZINC 
168 REAL ZINC 

6REAL ZINC 
6 DUP BH40141AE ZINC 

10 REAL ZINC 
5 R E A L  ZINC 

11 REAL ZINC 
6REAL ZINC 

10 REAL ZINC 
4REAL ZINC 
2REAL ZINC 

7 6  REAL ZINC 
5 4  REAL ZINC 

126 REAL ZINC 
5 3  REAL ZINC 
5 3 DUP BH40319AE ZINC 

113 REAL ZINC 
6 REAL ZINC 
2REAL ZINC 
4 REAL ZINC 
6 REAL ZINC 
8 REAL. ZINC 

10 REAL ZINC 
13 REAL BH40563AE ZINC 
13 DUP BH40525AE ZINC 
6 REAL ZINC 

115 REAL ZINC 
6 REAL ZINC 

12 REAL ZINC 
6 REAL ZINC 

-- 
Lab 

Result Qual -- 
11 8 
28 6 
18 1 

63 
48 8 
151 N* 
285 N* 
9 6  N* 

31 1 N* 
46 8 
61 5 
54 9 
110 N* 

35 7 
39 3 
19 8 
40 9 
30 9 
37 5 
446 
17 5 
21 7 
21 1 
446 
15 8 
45 1 
12 4 
9 8  

38 6 
56 3 
37 2 
45 4 
10 3 
39 6 
12 8 
394 E 

25 E 
20 N* 

246 N* 
466 N* 
121 N* 
769 N* 
21 5 
28 8 
26 8 
85 2 
27 2 
12 4 
14 5 
9 3  
12 

91 6 
57 3 
51 3 
21 4 
276 E 
9 1  E 

15 4 

Valid 

JA 
V 
V 
V 
V 
JA 
JA 
JA 
JA 
V 
V 
V 
JA 
JA 
JA 
V 
V 
V 
V 
V 
SA 
V 
V 
V 
V 
JA 
V 
V 
V 
V 
V 
V 
V 
JA 
V 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 

JA 

.- 

Y 

Detect 
Lmt units -- 

4 MGKG 
4 MGKG 
5 MGKG 
4 MGKG 
5 MGKG 

10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
4 MGXG 
4 MGKG 

10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGXG 
10 MGKG 
10 MGKG 
10 MGKG 
5 MGKG I 

5 MGKG 
4 MGKG 
5 MGKG 
5 MGXG 
5 MGKG 
4 MGKG 

10 MGKG 
10 MGXG 
10 MGXG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
5 MGKG 

10 MGKG 
10 MGKG’ 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGIKG 
10 MGKG 
5 MGKG 
4 MGKG 
5 MGIKG 

I 

I 

Codes arc explamd in Table I1 3 6 I 
101 wql I1 3 267 
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TABLE I U  4-3 

SUBSURFACE SOIIS AND BEDROCK 
NON-RADIOLOGICAL INORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Locat~on SampleNo 

44093 BH40348AE 
44093 BH40351AE 
44193 BH40078AE 
44193 BH40081AE 
44193 BH40429AE 
44193 BH40568AE 
44 193 BH40569AE 
44193 BH40570AE 
44193 BH40089AE 
44393 BH40033AE 
44593 BH40001AE 
44593 BH40005AE 
44793 BH40133AE 
44893 BH40188AE 
44893 BH40 19 1 AE 
45693 BH40374AE 
45793 BH40557AE 
45893 BH40377AE 
45893 BH40380AE 
45893 BH40382AE 
46193 BH40385AE 
46193 BH40562AE 
46593 BH40700AE 
46593 BH40702AE 
46593 BH40703AE 
46593 BH40705AE 
46593 BH40711AE 
46593 BH40713AE 
46693 BH40715AE 
46693 BH40717AE 
46693 BH40718AE 
46693 BH40726AE 
46693 BH40728AE 
46793 BH40729AE 
46793 BH4073 1AE 
46793 BH40732AE 
46793 BH40740AE 
46793 BH40742AE 
46793 BH40823AE 
46893 BH40743AE 
46893 BH40745AE 
46893 BH40746AE 
46893 BH40748AE 
46893 BH40749AE 
46893 BH40754AE 
46993 BH40757AE 
46993 BH40830AE 
46993 BH40759AE 
46993 BH40768AE 
46993 BH40770AE 
47093 BH40771AE 
47093 BH40773AE 
47093 BH40774AE 
47093 BH40776AE 

Start 
Depth - 

0 
6 
0 
6 

23 4 
29 4 
3s 4 
41 6 
47 6 

0 
0 

6 2  
0 
0 

6 2  
0 
0 
0 
6 

8 7  
0 
0 

0 75 
2 75 
4 75 
6 75 
8 75 
10 7 
0 5  

2 25 
4 6  
6 6  
8 6  
0 5  
2 5  
4 5  
6 5  
8 5  
8 5  
0 5  
2 5  
4 6  
6 6  
8 6  

1 1  5 
1 3  
1 3  
3 3  
5 5  
7 2  
0 7  
2 7  
4 8  
6 8  

End 
Depth Qccode QcPartner chomtcal 

6REAL ZINC 
104 REAL ZINC 

6REAL ZINC 
12 REAL ZINC 

294 REAL ZINC 
354 REAL WNC 
416 REAL ZINC 
476 REAL ZINC 
502 REAL ZINC 

5REAL ZINC 
6 2  REAL ZINC 

114 REAL ZINC 
2 5  REAL ZINC 

5 R E A L  ZINC 
122 REAL ZINC 

6REAL ZINC 
4REAL ZINC 
6REAL ZINC 

8 7  REAL ZINC 
22 REAL ZINC 
6 REAL BH40562AE ZINC 
6 DUP BH40385AE ZINC 

275 REAL ZINC 
475 REAL ZINC 
675 REAL ZINC 
875 REAL ZINC 
107 REAL ZINC 
164 REAL ZINC 
225 REAL ZINC 
425 REAL ZINC 
6 6  REAL ZINC 
7 6  REAL ZINC 

148 REAL ZINC 
2 5  REAL ZINC 
4 5  REAL ZINC 
6 5  REAL ZINC 
8 5  REAL ZINC 

147 REAL ZINC 
147 DUP BH40742AE ZINC 
2 5  REAL ZINC 
4 6  REAL ZINC 
6 6  REAL ZINC 
8 6  REAL ZINC 

106 REAL ZINC 
I25  REAL ZINC 
3 1  REAL ZINC 
3 1 DUP BH40757AE ZINC 

5REAL ZINC 
7 REAL ZINC 

131 REAL ZINC 
2 7  REAL ZINC 
4 7  REAL ZINC 
6 8  REAL ZINC 
8 8  REAL ZINC 

-- 
Lab 

Result Qual 

307 E 
13 7 
49 7 

20 
745 N* 
733 N* 
130 N* 

604 N* 
160 N* 
168 E 

31 8 
4 4 5  
43 5 
67 2 
28 8 
762  N* 
21 9 N* 
31 2 
35 2 
52 1 
92 8 
62 7 
10 5 
8 2  

12 2 
19 6 
67 1 
53 5 
45 3 

9 5  
17 2 
21 9 
42 5 
283 E 
158 E 
7 2  E 

8 E  
681 E 
713 E 
23 5 
17 3 
121 B 

19 
10 

16 5 
12 2 
13 6 
9 8  
49 

13 5 
22 

14 9 
12 7 
16 6 

_I_- 

Valid 

JA 
V 
V 
V 
JA 
JA 
JA 
JA 
JA 
JA 
V 
V 
V 
V 
V 
JA 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Dctoct 
Limit Units I -- 

5 MGKG 
4 MGKG 

4 8  MGKG 
4 3  MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
4 MGKG 

4 5  MGKG 
4 5  MGKG 

5 MGKG 
5 MGKG 
5 MGKG 

10 MGKG 
10 MGKG 
10 MGKG , 
10 MGKG 
10 MGKG 
10 MGKG 
10 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG I 

4 MGKG 
4 MGKG 
4 MGXG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 
4 MGKG 

20 MGKG 
20 MGKG 
20 MGKG 
20 MGKG 

Codes are explvned In Table II 3 6 I 
101 wql 11 3 268 
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TABLE IL3 4 4  

I OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start End 
Locabon SamplcNo Depth Depth QCCode QCPartner Chemical Result Qual* Valid* Error --- -__I-- 

40993 BH40201AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
40993 BH404 16AE 
41193 BH40049AE 
41193 BH40052AE 
41293 BH40196AE 
41593 BH40417AE 
41593 BH40418AE 
41593 BH40419AE 
41593 BH40424AE 
4 1693 BH402 17AE 
41 693 BH40220AE 
41793 BH40243AE 
4 1793 BH40246AE 
4 1 993 BH40062AE 
41993 BH40065AE 
42093 BH40103AE 
42 193 BH40425AE 

42193 BH40427AE 
42 193 BH40432AE 
42193 BH40086AE 
42193 BH40091AE 
42 193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH4026 1 AE 
42393 BH40264AE 
42493 BH40438AE 
42493 BH40439AE 
42493 BH401 l2AE 
42493 BH40440AE 
42493 BH40441AE 
42493 BH40445AE 
42593 BH40446AE 
42593 BH40447AE 
42593 BH40448AE 
42593 BH40449AE 
42593 BH40450AE 
42593 BH40290AE 
43 193 BH40306AE 
43193 BH40309AE 
43393 BH40510AE 
43393 BH4051 IAE 
43393 BH40512AE 
43393 BH40517AE 
43393 BH40324AE 
43493 BH40319AE 
43493 BH40573AE 
43493 BH40322AE 
43593 BH40180AE 
43693 BH405 18AE 
43693 BH405 19AE 
43693 BH40520AE 
43693 BH40521AE 
43693 BH40522AE 

I 42 193 BH40426AE 

I @  

0 
6 

10 
20 
31 
0 
6 
0 
0 
2 
4 
6 
0 
6 
0 
6 
0 
6 
0 
0 
2 
4 
6 

9 9  
16 
22 

28 3 
0 7  
6 1  

1 1  3 
0 
6 
0 
2 
2 
4 
6 
8 
0 
2 
4 
6 
8 

10 2 
0 
6 
0 
2 
4 
6 

7 6  
0 5  
0 5  
5 3  

1 
0 
2 
4 
6 
8 

6REAL 
10 REAL 
20 REAL 
31 REAL 
35 REAL 
6REAL 
8REAL 

3 3  REAL 
2REAL 
4REAL 
6REAL 

7 9  REAL 
6REAL 

12 REAL. 
5REAL 

1 1  REAL 
6REAL 

12 REAL 
6 DUP 
2REAL 
4REAL 
6REAL 

9 9  REAL 
16 REAL 
22 REAL 

283 REAL 
313 REAL 
6 1  REAL 

113 REAL 
129 REAL 

6REAL 
8 1  REAL 

2REAL 
4REAL 
4 DUP 
6REAL 
8REAL 

102 REAL 
2REAL 
4REAL 
6REAL 
8REAL 

102 REAL 
168 REAL 

5REAL 
1 1  REAL 
2REAL 
4REAL 

5 4  REAL 
7 6  REAL 

126 REAL 
5 3  REAL 
5 3  DUP 

113 REAL 
6 REAL 
2 REAL 
4 REAL 
6 REAL 
8 REAL 

10 REAL 

AMERICIUM-24 1 
AMERICIUM-24 1 
AMERICIUM-24 1 
AMERICIUM-24 1 
AMERICIUM-24 1 
AMERICIUM-241 
AMERICIUM-24 1 
AMERICIUM-24 1 
AMERICIUM-241 
AMERICIUM-24 1 
AMERICIUM-24 1 
AMERICIUM-24 1 
AMERICIUM-24 1 
AMERICIUM-24 1 
AMERICIUM-24 1 
AMERICIUM-24 1 
AMERICIUM-24 1 
AMERICIUM-241 

BH40483AE AMERICIUM341 
AMERICIUM-24 1 
AMERICIUM-241 
AMERICIUM-24 1 
AMERICIUM-24 1 
AMERICIUM-241 
AMERICIUM-24 1 
AMERICIUM-24 1 
AMERICIUM-24 1 
AMERICIUM-24 1 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-24 1 
AMERICIUM-241 
AMERICIUM-24 1 

BH40112AE AMERICIUM-241 
BH40439AE AMERICIUM-241 

AMERICILTM-24 1 
AMERICIUM-24 1 
AMERICIUM-241 
AMERICIUM-24 1 
AMERICIUM-24 1 
AMERICIUM-24 1 
AMERICIUM-24 1 
AMERICIUM-24 1 
AMERICIUM-24 1 
AMERICIUM-24 1 
AMERICIUM-241 
AMERICIUM-24 1 
AMERICIUM-24 1 
AMERICIUM34 1 
AMERICIUM-24 1 
AMERICIUM-241 
AMERICIUM-24 1 

BH403 19AE AMERICIUM-241 
AMERICIUM-24 1 
AMERICIUM-24 1 
AMERICIUM-24 1 
AMERICIUM-24 1 
AMERICIUM-241 
AMERICIUM-24 1 
AMERICIUM-24 1 

0 25 
0 042 
0003 U 
0002 u 
0013 J 
029 B 

0005 BJ 
0 35 
0 5  

0 12 
0009 J 

-0002 u 
2 7  

0 28 
2 1  

0 069 
0 28 

0 27 
0 088 

-0003 U 
0005 J 
0001 u 
0003 U 
0003 U 

ou 
0002 u 

0 0759 
0 003 

0 0067 
0 69 

0 063 
1 1  

0 17 
0 17 

ou 

0006 U 
o u  

0015 J 
0 028 

-0001 u 
0002 BJ 
0011 J 
0003 U 

ou 
0 9  

0011 J 
0 021 
0008 J 

-0002 u 
0005 J 

ou  
0 0302 
0 0408 
0 0079 

4 
2 48 

0 0058 
00034 J 
0005 U 
0008 J 

V 
V 
V 
V 
V 
V 
V 
A 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 
V 
V 
A 
A 
A 
V 
V 

0 058 
0 028 
0004 
0 004 
0 01 

0 052 
0 006 
0 062 
0 076 
0 046 
0 01 

0 003 
0 42 

0 048 
0 39 
0 03 
0 03 

0 007 
0 026 
0 026 
0 005 
0 008 
0 004 
0 006 
0006 
0 004 
0 006 

0 0175 
0 00346 
0 00508 

0 088 
0 02 
0 25 
004 

0 046 
0 008 
0 006 
0 012 
0 014 
0 005 
0 004 
0 008 
0 006 
0 004 
0 12 
0 01 

0 012 
0 006 
0 002 
0 006 
0 006 

0 0106 
0 0125 

0 00533 
0 46 

0 266 
0 0052 

0 00382 
0 008 

0 01 

* Coda arc explvned in Table I1 3 6-1 4Tlb 1 0 2 w q l  
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TABLE I1 3 4 4  

). 
Locatron SamplaNo 

43693 BH40525AE 
43693 BH40563AE 
43793 BH40332AE 
43793 BH40335AE 
43893 BH40070AE 
43893 BH40073AE 
43993 BH40353AE 
44093 BH40348AE 
44093 BH40351AE 
44793 BH40133AE 
46593 BH40700AE 
46593 BH40702AE 
46593 BH40703AE 
46593 BH40705AE 
46593 BH40711AE 
46593 BH40713AE 
46693 BH40715AE 

I 46693 BH40718AE 
46693 BH40726AE 
46693 BH40728AE 
46793 BH40729AE 
46793 BH4073 1AE 
46793 BH40732AE 
46793 BH40740AE 
46793 BH40823AE 
46793 BH40742AE 
46893 BH40743AE 
46893 BH40745AE 
46893 BH40746AE 

46893 BH40748AE 
46893 BH40749AE 
46893 BH40754AE 
46993 BH40830AE 
46993 BH40757AE 
46993 BH40759AE 
46993 BH40768AE 
46993 BH40770AE 
47093 BH40771AE 
47093 BH40773AE 
47093 BH40774AE 
47093 BH40776AE 

I 

I 46693 BH40717AE 

I 

la 
I 46893 BH40825AE 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start 
Depth 

10 
10 
0 
6 
0 
6 
0 
0 
6 
0 

0 75 
2 75 
4 75 
6 75 
8 75 
10 7 
0 5  

2 25 
4 6  
6 6  
8 6  
0 5  
2 5  
4 5  
6 5  
8 5  
8 5  
0 5  
2 5  
4 6  
6 6  
6 6  
8 6  

1 1  5 
1 3  
1 3  
3 3  
5 5  
7 2  
0 7  
2 7  
4 8  
6 8  

End 
Depth QcCode QCPartncr Chemical -- 

13 REAL BH40563AE AMERICIUM-241 
13 DUP BH40525AE AMERICIUM-241 
6REAL AMERICIUM-24 1 

1 1 5  REAL AMERICIUM-24 1 
6REAL AMERICIUM-24 1 

12 REAL AMERICIUM-24 1 
6REAL AMERICIUM-24 1 
6REAL AMERICIUM-24 1 

104 REAL AMERICIUM-241 
2 5  REAL AMERICIUM-24 1 

275 REAL AMERICIUM-24 1 
475 REAL AMERICIUM-241 
675 REAL AMERICIUM-24 1 
875 REAL AMERICIUM-24 1 
107 REAL AMERICIUM-24 1 
164 REAL AMERICIUM-24 1 
225 REAL AMERICIUM-241 
425 REAL AMERICIUM-24 1 

6 6  REAL AMERICIUM-24 1 
7 6  REAL AMERICIUM-24 1 

148 REAL AMERICIUM-24 1 
2 5  REAL AMERICIUM-24 1 
4 5  REAL AMERICIUM-241 
6 5  REAL AMERICIUM-24 1 
8 5  REAL AMERICIUM-24 1 

14 7 DUP BH40742AE AMERICIUM-241 
147 REAL AMERICIUM-24 1 
2 5  REAL AMERICIUM-24 1 
4 6  REAL AMERICIUM-24 1 
6 6  REAL AMERICIUM-24 1 
8 6  DUP BH40748AE AMERICIUM-241 
8 6  REAL AMERICIUM-24 1 

106 REAL AMERICIUM-241 
125 REAL AMERICIUM-24 1 
3 1 DUP BH40757AE AMERICIUM-241 
3 1  REAL AMERICIUM-24 1 

5REAL AMERICIUM-24 1 
7REAL AMERICIUM-24 1 

131 REAL AMERICIUM-241 
2 7  REAL AMERICIUM-241 
4 7  REAL AMERICIUM-24 1 
6 8  REAL AMERICIUM-24 1 
8 8  REAL AMERICIUM-24 1 

Result Qual* 

0009 J 
0004 u 

6 1  
0 072 

1 4  B 
0004 BJ 

0 2643 
1 8  

0 0045 
0 0509 
0 4892 
0 0161 
00046 J 
0 0087 
0 0334 
0 0428 

1 8  
0 1607 
0 0144 
0 0683 
0 0328 
0 1672 
0 0062 
00217 
0 0081 
0 046 

0 0101 
0 0166 
0 0063 
00018 J 
0 0066 
00017 J 
0 0059 
0 0488 

0 051 
00027 J 
0 0063 
00067 J 
0 0065 
0 0135 
00049 J 
0 0157 
0 0304 

-- Valid+ Error 

V 
V 
A 
A 
V 
V 
A 
V 
A 
A 
A 
Y 
A 
A 
A 
A 
Y 
Y 
A 
A 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

0 012 
0006 
0 72 
0 03 
0 15 

0 006 
0 0394 

0 19 
0 00402 

0 014 
0 065 

0 0083 
0 00486 
0 00641 

00117 
0 0128 

0 197 
0 0284 

0 00755 
0 0172 
00118 
00311 

0 00524 
0 00969 
0 0069 
0 0144 

0 00717 
0 00756 
0 00634 
0 00248 
0 00495 
0 0024 

0 00447 
0 0135 
0 0142 
0 0035 

0 00479 
0 00952 
0 00493 
0 00813 
0 00468 
0 00835 

0011 
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TABLE IU 4-4 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

h h o n  SempleNo 

40993 BH40201AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
40993 BH40416AE 
41 193 BH40049AE 
41 193 BH40052AE 
41293 BH40196AE 
4 1 593 BH404 17AE 
41593 BH40418AE 
41593 BH40419AE 
41 593 BH40424AE 
41693 BH40217AE 
41693 BH40220AE 
41 793 BH40243AE 
41793 BH40246AE 
41 993 BH40062AE 
41993 BH40065AE 

I 42093 BH40103AE 
42193 BH40425AE 
42 193 BH40426AE 
42193 BH40427AE 
42 193 BH40432AE 
42193 BH40086AE 
42193 BH40091AE 
42 193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH40261AE 
42393 BH40264AE 
42493 BH40438AE 
42493 BH40112AE 
42493 BH40439AE 
42493 B H W A E  
42493 BH40441AE 
42493 BH40445AE 
42593 BH40446AE 
42593 BH40447AE 
42593 BH40448AE 
42593 BH40449AE 
42593 BH40450AE 
42593 BH40290AE 
43 193 BH40306AE 
43 193 BH40309AE 
43393 BH40510AE 
43393 BH40511AE 
43393 BH40512AE 
43393 BH40517AE 
43393 BH40324AE 
43493 BH40573AE 
43493 BH403 19% 
43493 BH40322AE 
43593 BH40180AE 
43693 BH40521AE 
43693 BH40522AE a 43693 BH40563AE 
43693 BH40525AE 
43793 BH40332AE 

i 

~e 

Start 
h P t h  

0 
6 

10 
20 
31 
0 
6 
0 
0 
2 
4 
6 
0 
6 
0 
6 
0 
6 
0 
0 
2 
4 
6 

9 9  
16 
22 

28 3 
0 7  
6 1  

1 1  3 
0 
6 
0 
2 
2 
4 
6 
8 
0 
2 
4 
6 
8 

10 2 
0 
6 
0 
2 
4 
6 

7 6  
0 5  
0 5  
5 3  

1 
6 
8 

10 
10 
0 

* Codes arc explarncd in Table I1 3 6-1 
102 wql 

End 
Depth QC Code QC Partner Chemical -- 

6REAL CESIUM- 1 34 
10 REAL CESIUM-1 34 
20 REAL CESIUM-134 
31 REAL CESIUM-134 
35 REAL CESIUM-1 34 
6REAL CESIUM-134 
8REAL CESIUM-134 

3 3  REAL CESIUM-1 34 
2REAL CESIUM-134 
4REAL CESIUM-134 
6REAL CESIUM- 134 

7 9  REAL CESIUM-134 
6 REAL CESIUM-134 

12 REAL CESIUM- 134 
5REAL CESIUM-134 

1 1  REAL CESIUM-1 34 
6REAL CESIUM-1 34 

12 REAL. CESIUM-134 
6 DUP BH40483AE CESIUM-134 
2REAL CESIUM-1 34 
4REAL CESIUM-134 
6 W  CESIUM-134 

9 9  REAL CESIUM-134 
16 REAL CESIUM-134 
22 REAL CESIUM-134 

283 REAL CESIUM-1 34 
313 REAL CESIUM-I 34 
6 1  REAL CESIUM-134 

113 REAL CESIUM-1 34 
129 REAL CESIUM-1 34 

6REAL CESIUM-134 
8 1  REAL CESIUM-1 34 

2REAL CESIUM-1 34 
4 DUP BH40439AE CESIUM-134 
4 REAL BH40112AE CESIUM-134 
6REAL CESIUM-134 
8REAL CESIUM-134 

102 REAL CESIUM-134 
2REAL CESIUM-134 
4REAL. CESIUM-134 
6REAL CESIUM-134 
8REAL CESIUM-1 34 

102 REAL CESIUM-1 34 
168 REAL CESIUM-134 

5 R E A L  CESIUM- 1 34 
1 1  REAL CESIUM-134 
2 W  CESIUM-I 34 
4REAL CESIUM-1 34 

5 4  REAL CESIUM-134 
76REAL , CESIUM- 134 

126 REAL CESIUM-134 
5 3  DUP BH40319AE CESIUM-I34 
5 3  REAL CESIUM-134 

113 REAL CESIUM-1 34 
6 R E A L  CESIUM-134 
8 REAL CESIUM-1 34 

10 REAL CESIUM-1 34 
13 DUP BH40525AE CESIUM-134 
13 REAL BH40563AE CESIUM-134 
6 REAL CESIUM-1 34 

I1 3 269 
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Result Qual* -- 
0 
0 
0 
0 
0 

0 009 
0 003 
0 005 

0 
0 
0 
0 

0 007 
0 005 
0 005 
0 005 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

00003 J 
00053 J 
00021 J 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 005 
0 007 

0 
0 
0 
0 
0 

0 0279 J 
-0007 J 
00103 J 

0 
0 
0 
0 
0 

0 005 

Valid* Emr 

Z 
Z 
Z 
Z 
Z 
V 0 23 
V 0 105 
V 0 079 
Z 
2 
Z 
Z 
V 0 096 
V 0 08 
V 0 082 
V 0 078 

-- 

2 
Z 
2 
Z 
2 
2 
2 
Z 
Z 0 0221 
2 0 0312 
2 0 0243 
2 
2 
Z 
2 
Z 
2 
2 
Z 
Z 
2 
2 
Z 
Z 
Z 
V 0 076 
V 0 098 
Z 
Z 
Z 
Z 
Z 
Z 0 0207 
Z 0 025 
Z 0 0207 
Z 
Z 
Z 
Z 
2 
V 0 085 
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TABLE 113 44 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start End 
Locabon SampleNo Depth Dcpth QCCode QCPartncr C h m d  Result Qual* V&d* Error 

43793 BH40335AE 
43893 BH40070AE 
43893 BH40073AE 
44093 BH40348AE 
46593 BH40100AE 
46593 BH40702AE 
46593 BH40703AE 
46593 BH40705AE 
46593 BH40711AE 
46593 BH40713AE 
46693 BH40715AE 
46693 BH40717AE 
46693 BH40718AE 
46693 BH40726AE 
46693 BH40728AE 
46793 BH40729AE 
46793 BH4073 1AE 
46793 BH40732AE 
46793 BH40740AE 
46793 BH40742AE 
46793 BH40823AE 

6 
0 
6 
0 

0 75 
2 75 
4 75 
6 75 
8 75 
10 7 
0 5  

2 25 
4 6  
6 6  
8 6  
0 5  
2 5  
4 5  
6 5  
8 5  
8 5  

46893 BH40826AE NIA 
46893 BH40743AE 0 5  
46893 BH40745AE 2 5  
46893 BH40746AE 4 6  
46893 BH40825AE 6 6  
46893 BH40748AE 6 6  
46893 BH40749AE 8 6  
46893 BH40754AE 1 1  5 
46993 BH40830AE 1 3  
46993 BH40757AE 1 3  
46993 BH40759AE 3 3  
46993 BH40768AE 5 5  
46993 BH40770AE 7 2  
47093 BH40771AE 0 7  
47093 BH40773AE 2 7  
47093 BH40774AE 4 8  
47093 BH40776AE 6 8  

1 1 5  REAL 
6REAL 

12 REAL 
6 R E A L  

275 REAL 
475 REAL 
675 REAL 
875 REAL 
107 REAL 
164 REAL 
225 REAL 
425 REAL 
6 6  REAL 
7 6  REAL 

148 REAL 
2 5  REAL 
4 5  REAL 
6 5  REAL 
8 5  REAL 

147 REAL 
147 DUP 

RNS 
2 5  REAL 
4 6  REAL 
6 6  REAL 
8 6  DUP 
8 6  REAL 

106 REAL 
125 REAL 
3 1  DUP 
3 1  REAL 

5REAL 
7REAL 

131 REAL 
2 7  REAL 
4 7  REAL 
6 8  REAL 
8 8  REAL 

CESIUM-I 34 
CESIUM-I 34 
CESIUM-134 
CESIUM-134 
CESIUM-I34 
CESIUM-134 
CESIUM-1 34 
CESIUM-134 
CESIUM-1 34 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-1 34 
CESIUM- 1 34 
CESIUM-134 

BH40742AE CESIUM-134 
CESIUM-134 
CESIUM-1 34 
CESIUM-1 34 
CESIUM-134 

BH40748AE CESIUM-134 
CESIUM-1 34 
CESIUM-134 
CESIUM- 1 34 

BH40757AE CESIUM-134 
CESIUM-134 
CESIUM-134 
CESIUM-1 34 
CESIUM-1 34 
CESIUM-1 34 
CESIUM-134 
CESIUM-134 
CESIUM-1 34 

0 007 
0 003 
0 003 

0 
-0m J 
00035 J 
00007 J 

-00117 J 
00085 J 

-00224 J 
-00002 J 

-0007 J 
-00059 J 
-00093 J 
-00147 J 
-00017 J 
-00043 J 
00097 X 
00108 x 
00077 J 
00136 X 

-032 J 
00025 J 
00122 J 

-00138 J 
-00095 J 
-00044 J 
-00043 J 
-00172 J 
00105 J 
00123 J 

-00076 J 
-00315 J 
-00057 J 
-00075 J 
00027 X 
00116 X 

-00013 J 

V 
V 
V 
2 
V 
Y 
V 
V 
V 
V 
Y 
Y 
V 
V 
V 
V 
V 
V 
V 
V 
V 
Y 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

0 098 
0 102 
0 102 

0 0134 
0 0135 
0 0132 
0 0173 
0 0148 
0 0246 
0 0151 
0 0128 
0 0163 
0 0177 
0 0175 
0 0144 
0 0147 
0 0145 
0 0142 
0 0138 
0 015 
0 563 

0 0124 
00118 
0 0124 
0 0126 
0 0135 
0 013 

0 0176 
0 0131 
0 0122 
0 0122 
0 0198 
0 0136 
0 0134 
0 0127 
0 0137 
0 0101 

* Codes arc explvncd In Table I1 3 6 I Y 03 102wql 
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l TABLE IU 4 4  

e 
Locabon SampleNo 

40993 BH40201AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
40993 BH40416AE 
41193 BH40049AE 
4 1 193 BH40052AE 
41293 BH40196AE 
41593 BH40417AE 
4 1 593 BH404 18AE 
41593 BH40419AE 
41593 BH40424AE 
41693 BH40217AE 
41693 BH40220AE 
4 1793 BH40243AE 
4 1 793 BH40246AE 
41993 BH40062AE 
41993 BH40065AE 
42093 BH40103AE 
42193 BH40425AE 
42193 BH40426AE 
42 193 BH40427AE 
421 93 BH40432AE 
42 193 BH40086AE 
42193 BH40091AE 
42193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH40261AE 
42393 BH40264AE 
42493 BH40438AE 
42493 BH40112AE 
42493 BH40439AE 
42493 BH40440AE 
42493 BH40441AE 
42493 BH40445AE 
42593 BH40446AE 
42593 BH40447AE 
42593 BH40448AE 
42593 BH40449AE 
42593 BH40450AE 
42593 BH40290AE 
43193 BH40306AE 
43193 BH40309AE 
43393 BH40510AE 
43393 BH40511AE 
43393 BH40512AE 
43393 BH40517AE 
43393 BH40324AE 
43493 BH40319AE 
43493 BH40573AE 
43493 BH40322AE 
43593 BH40180AE 
43693 BH405 18AE 
43693 BH405 19AE 
43693 BH40520AE 
43693 BH40521AE 
43693 BH40522AE 

a 

a 
r 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start 

0 
6 

10 
20 
31 
0 
6 
0 
0 
2 
4 
6 
0 
6 
0 
6 
0 
6 
0 
0 
2 
4 
6 

9 9  
16 
22 

28 3 
0 7  
6 1  

1 1  3 
0 
6 
0 
2 
2 
4 
6 
8 
0 
2 
4 
6 
8 

10 2 
0 
6 
0 
2 
4 
6 

7 6  
0 5  
0 5  
5 3  

1 
0 
2 
4 
6 
8 

Codes are cxpla~ned in Table 11 3 6 1 qN/ 1Cnwql 

End 
Depth QCcode QCPartncr Chmucal 

I__- 

6REAL CESIUM-1 37 
10 REAL CESIUM-137 
20 REAL CESIUM-137 
31 REAL CESIUM- 137 
35 REAL CESIUM-1 37 
6REAL CESIUM-137 
8REAL CESIUM-1 37 

3 3  REAL CESIUM-137 
2REAL CESIUM-1 37 
4REAL CESIUM-1 37 
6REAL CESIUM-1 37 

7 9  REAL CESIUM-137 
6REAL CESIUM-137 

12 REAL CESIUM-137 
S R E A L  CESIUM- 137 

1 1  REAL CESIUM-137 
6REAL CESIUM-1 37 

12 REAL CESIUM-137 
6 DUP BH40483AE CESIUM-137 
2REAL CESIUM-137 
4REAL CESIUM-137 
6REAL CESIUM-137 

9 9  REAL CESIUM-137 
16 REAL CESIUM-137 
22 REAL CESIUM-1 37 

283 REAL CESIUM-137 

6 1  REAL CESIUM-137 
113 REAL CESIUM-137 

CESIUM-137 
6REAL CESIUM-1 37 

8 1  REAL CESIUM-137 
2REAL CESIUM-137 
4 DUP BH40439AE CESIUM-137 
4 REAL BH40112AE CESIUM-137 
6REAL CESIUM-137 
8REAL CESIUM- 137 

102 REAL CESIUM-137 
2REAL CESIUM-1 37 
4REAL CESIUM-137 
6 R E A L  CESIUM-137 
8 REAL CESIUM-1 37 

102 REAL CESIUM-137 
168 REAL CESIUM-137 

5REAL CESIUM-137 
1 1  REAL CESIUM-137 
2REAL CESIUM-1 37 
4REAL CESIUM-137 

5 4  REAL CESIUM-137 
7 6  REAL CESIUM-137 

126 REAL. CESIUM-137 
5 3  REAL CESIUM-137 
5 3  DUP BH40319AE CESIUM-137 

113 REAL CESIUM-1 37 
6REAL CESIUM-137 
2 REAL CESIUM-1 37 
4 REAL CESIUM-I37 
6 REAL CESIUM-1 37 
8 REAL CESIUM-137 

10 REAL CESIUM-1 37 

313 REAL CESIUM-137 

129 REAL 
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Result Qual* 

0004 
0 002 
0 002 
0 002 
OOOZ 
021 u 

0 003 
016 U 
0 01 
0 01 
0 01 

0 003 

0 004 
042 J 

0 004 
0 
0 
0 

0 01 
0 003 
0 003 
0 003 

0 
0 
0 
0 

.-- 

0087 u 

00021 J 
-00138 J 
00074 J 
0 003 
0 003 
0 003 
0 003 
0 003 
0 003 
0 003 
0 003 

0 
0 1  u 

0 
0 

0 01 
0 

016 U 
0 002 

0 01 
0 01 
0 01 
0 01 
0 01 

-00045 J 
00227 J 
00267 J 
0 003 

0 1382 X 
-00022 J 
-00037 J 

0 003 
0 003 

Valid* 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

,- 

V 
V 
V 
V 
V 
V 
V 
V 
A 
A 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
A 
A 
V 
A 
A 
A 
V 
V 

Error 

0 11 
0 07 
0 07 

0 1  
0 07 
0 29 
0 1 1  
0 16 
0 14 
0 12 
0 12 
0 07 
0 15 

0 103 
0 15 

0 106 

0 16 
0 07 
0 07 
0 08 
0 09 
01  

0 09 
0 06 

0 0232 
0 0303 
0 0233 

0 12 
0 1  

0 1 1  
0 8  
0 1  

0 11 
0 1 1  
0 1 1  
0 09 
0 08 
0 08 
0 06 
0 08 
0 08 
0 13 

0 071 
0 12 
0 13 
0 12 
0 12 
0 13 

0 0328 
0 0271 
0 0213 

0 07 
0 0398 

0 028 
0 0349 

0 1  
0 1 1  
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TABLE I1 3 44 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start End 
L d o n  SampleNo Dcpth Depth QCCode QCPartncr Chemical Result Qual* Valid+ Error --- _I_-p- 

43693 BH40525AE 
43693 BH40563AE 
43793 BH40332AE 
43793 BH40335AE 
43893 BH40070AE 
43893 BH40073AE 
43993 BH40353AE 
44093 BH40348AE 
44093 BH40351AE 
44793 BH40133AE 
46593 BH40700AE 
46593 BH40702AE 
46593 BH40703AE 
46593 BH40705AE 
46593 BH4071 ME 
46593 BH40713AE 
46693 BH40715AE 
46693 BH40717AE 
46693 BH40718AE 
46693 BH40726AE 
46693 BH40728AE 
46793 BH40729AE 
46793 BH4073 1AE 
46793 BH40732AE 
46793 BH40740AE 

10 
10 
0 
6 
0 
6 
0 
0 
6 
0 

0 75 
2 75 
4 75 
6 75 
8 75 
10 7 
0 5  

2 25 
4 6  
6 6  
8 6  
0 5  
2 5  
4 5  
6 5  
8 5  
a s  

46793 BH40742AE 
46793 BH40823AE 
46893 BH40826AE NIA 
46893 BH40743AE 0 5  
46893 BH40745AE 2 5  
46893 BH40746AE 4 6  
46893 BH40825AE 6 6  
46893 BH40748AE 6 6  
46893 BH40749AE 8 6  
46893 BH40754AE 1 1  5 
46993 BH40757AE 1 3  
46993 BH40830AE 1 3  
46993 BH40759AE 3 3  
46993 BH40768AE 5 5  
46993 BH40770AE 7 2  
47093 BH40771AE 0 7  
47093 BH40773AE 2 7  
47093 BH40774AE 4 8  
47093 BH40776AE 6 8  

* Codes arc expluned in Table II 3 6 I q 05 IMwqI 

13 REAL 
13 DUP 
6REAL 

115 REAL 
6REAL 

12 REAL 
6REAL 
6REAL 

104 REAL 
2 5  REAL 

275 REAL 
475 REAL 
675 REAL 
875 REAL 
107 REAL 
164 REAL 
225 REAL 
425 REAL 

6 6  REAL 
7 6  REAL 

148 REAL 
2 5  REAL 
4 5  REAL 
6 5  REAL. 
8 5  REAL 

147 REAL 
147 DUP 

RNS 
2 5  REAL 
4 6  REAL 
6 6  REAL 
8 6  D I P  
8 6  REAL 

106 REAL 
125 REAL 
3 1  REAL 
3 1 DUP 

5REAL 
7REAL 

131 REAL 
2 7  REAL 
4 7  REAL 
6 8  REAL 
8 8  REAL 

BH40563AE CESIUM-I37 
BfI40525AE CESIUM-137 

CESIUM-137 
CESIUM-1 37 
CESIUM-137 
CESIUM-I 37 
CESIUM-137 
CESIUM-1 37 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-1 37 
CESIUM-1 37 
CESIUM-137 
CESIUM-1 37 
CESIUM-137 
CESIUM-137 
CESIUM-1 37 
CESIUM-1 37 
CESIUM-137 
CESIUM-1 37 
CESIUM-137 

BH40742AE CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 
CESIUM-137 

BH40748AE CESIUM-137 
CESIUM-1 37 
CESIUM-137 
CESIUM-137 
CESIUM-137 

BH40757AE CESIUM-137 
CESIUM-1 37 
CESIUM-1 37 
CESIUM-137 
CESIUM-1 37 
CESIUM-137 
CESIUM-137 
CESIUM-137 

II 3 269 
6 of 27 

0 003 
0 003 

0 002 
0 003 
0 003 
0014 J 
0 003 

-00177 J 
01506 X 
00033 J 
00052 J 
00025 J 
00119 J 

-00119 J 
-00013 J 

003 J 
-00177 J 
00121 J 
0006 J 

-00378 J 
00112 J 
00158 X 

-00042 J 
00066 X 
-0005 J 

-00119 J 
-0439 J 
00057 J 
00121 J 
-0018 J 

-00025 J 
-00119 J 
-00023 J 
-00189 J 
-00128 J 
-0006 J 
00058 X 

00122 x 
-00108 J 
OOlSl x 
-0003 J 
00003 X 

0 4  J 

-00285 J 

V 
V 
V 
V 
V 
V 
A 
V 
A 
A 
V 
Y 
V 
V 
V 
V 
Y 
Y 
V 
V 
V 
V 
V 
V 
V 
V 
V 
Y 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

0 07 
0 1  

0 25 
0 069 
0 1 1  
0 11 

0 0348 
0 1 1  

0 0298 
0 0785 
0 0129 
0 0142 
0 0133 
0 0174 
0 0165 
0 0224 
0 0178 
0 0137 
0 0157 
0 0188 
0 0177 
0 0157 
0 0141 
0 0144 
0 0159 
0 0157 
0 0167 
0 596 

0 0128 
0 0121 
0 0127 
0 0131 
0 0136 
0 0125 
0 0175 
0 0144 
0 0152 
0 0124 
0 0196 
0 0127 
0 0147 
0 0138 
0 0147 
0 0102 
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TABLE IL3 4 4  

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINAN'IS OF CONCERN 

Locabon Sample No 

40093 BH40170AE 
40193 BH40488AE 
40193 BH40490AE 
40193 BH40495AE 
40293 BH40 1 18AE 
40393 BH40123AE 
40593 BH40128AE 
40593 BH40131AE 
40593 BH40365AE 
40593 BH40400AE 
40793 BH404 1 3AE 
40793 BH40157AE 
40793 BH40 160AE 
40793 BH40414AE 
40893 BH40030AE 
40993 BH40201AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
40993 BH40416AE 
41193 BH40049AE 
41193 BH40052AE 
41293 BH40196AE 
4 1 593 BH404 17AE 
41593 BH40418AE 
4 1 593 BH404 19AE 
41 593 BH40424AE 
41693 BH40217AE 
4 1693 BH40220AE 
41 793 BH40243AE 
41793 BH40246AE 
4 1993 BH40062AE 
41993 BH40065AE 
42093 BH40103AE 
42093 BH40483AE 
42193 BH40425AE 
42193 BH40426AE 
42 193 BH40427AE 
42193 BH40432AE 
42193 BH40086AE 
42193 BH40091AE 
42193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH40261AE 
42393 BH40264AE 
42493 BH40438AE 
42493 BH40112AE 
42493 BH40439AE 
42493 BH40440AE 
42493 BH40441AE 
42493 BH40445AE 
42593 BH40446AE 
42593 BH40447AE 
42593 BH40448AE 
42593 BH40449AE 
42593 BH40450AE 
42593 BH40290AE 

Start End 
Dcpth DcpthQCCodeQCPartner Chermcal Result Qual* 

Ccds are explened in Table 11 3 6 I 
102 wql 

6 8 4  REAL 
0 6REAL 
6 12 REAL. 

18 24 REAL 
0 29REAL 
0 5REAL 
0 5REAL 
6 1 1  REAL 

12 18 REAL 
18 24 REAL 
0 5REAL 
0 5REAL 
6 8 1  REAL 

8 1  13 REAL 
0 7REAL 
0 6REAL 
6 10 REAL 

10 20 REAL 
20 31 REAL 
31 35 REAL 
0 6REAL 
6 8REAL 
0 3 3  REAL 
0 2REAL 
2 4REAL 
4 6REAL 
6 79REAL. 
0 6REAL 
6 12 REAL 
0 5REAL 
6 11 REAL 
0 6REAL 
6 12 REAL 
0 6 DUP 
0 6REAL 
0 2REAL. 
2 4REAL 
4 6REAL 
6 99REAL 

9 9  16 REAL 
16 22 REAL 
22 283 REAL 

283 313 REAL 
0 7  6 1  REAL 
6 1  113 REAL 

113 129 REAL 
0 6 W  
6 8 1  REAL 
0 2REAL 
2 4 DUP 
2 4 REAL 
4 6 REAL 
6 8 REAL 
8 102 REAL 
0 2REAL 
2 4 REAL 
4 6 REAL 
6 8 REAL 

102 168 REAL. 
a 1 0 2 ~  

GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 

BH40157AE GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 

BH40483AE GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 

BH40439AE GROSS BETA 
BH40112AE GROSS BETA 

GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 

I1 3 269 
7 of21 

20 
20 4 
24 2 
223 

37 
27 B 
26 B 
24 B 
26 B 
29 
22 
19 
18 
23 

22 4 
35 
31 
12 
19 
15 
33 B 
42 B 
21 
46 
40 
24 
21 
33 
28 
24 
30 
15 
13 
22 

30 27 
35 
21 
30 
10 
13 
21 
18 
25 

45 04 
33 77 
19 45 

50 
55 
21 
15 
20 
31 

16 
52 
26 
32 
28 
13 
16 

28 

Valid* Error 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 
V 
V 
A 
V 
V 
V 
V 
V 
A 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 
V 
V 
V 
V 

4 5  
4 7  
5 3  

5 
5 2  
4 4  
4 6  
4 4  
4 8  
4 7  
4 6  
4 4  

4 
4 4  

5 
5 1  
4 8  
3 8  
4 1  
4 6  
4 7  
5 3  
4 7  

5 
4 9  
3 8  
3 9  
4 4  
4 5  
4 3  
4 5  
2 3  
2 3  
2 8  

3 42 
4 4  
4 3  
4 3  
3 7  
4 1  
4 8  
4 1  
4 2  

4 43 
3 63 
2 65 

6 
5 7  
3 8  
3 6  
4 2  
4 4  
4 5  
4 1  
4 5  
3 7  
4 1  
4 2  
3 5  
4 1  

OU4 Proposed IMllRA EA Decision Document 
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TABLE IU 4 4  

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start End 
Locahon SamplcNo Dcpth Dcpth QC Code QC Partner Chemical Result Qual* Valid* Error --- ---- 

42993 BH40141AE 
42993 BH40094AE 
42993 BH40144AE 
43 193 BH40306AE 
43 193 BH40309AE 
43293 BH40041AE 
43293 BH40044AE 
43393 BH40510AE 
43393 BH40511AE 
43393 BH40512AE 
43393 BH40517AE 
43393 BH40324AE 
43493 BH40573AE 
43493 BH40319AE 
43493 BH40322AE 
43593 BH40180AE 
43693 BH405 18AE 
43693 BH40519AE 
43693 BH40520AE 
43693 BH40521AE 
43693 BH40522AE 
43693 BH40563AEi 
43693 BH40525AE 
43793 BH40332AE 
43793 BH40335AE 
43893 BH40070AE 
43893 BH40073AE 
43993 BH40353AE 
44093 BH40348AE 
44093 BH40351AE 
44193 BH40078AE 
44193 BH40081AE 
44193 BH40429AE 
44193 BH40568AE 
44193 BH40569AE 
44 193 BH40570AE 
44193 BH40089AE 
44393 BH40033AE 
44593 BH40001AE 
44593 BH40005AE 
44793 BH40133AE 
44893 BH40188AE 
44893 BH40191AE 
45693 BH40374AE 
45793 BH40557AE 
45893 BH40377AE 
45893 BH40380AE 
45893 BH40382AE 
46193 BH40562AE 
46193 BH40385AE 
46593 BH40700AE 
46593 BH40702AE 
46593 BH40703AE 
46593 BH40705AE 
46593 BH40711AE 
46593 BH40713AE 
46693 BH40715AE 
46693 BH40717AE 
46693 BH40718AE 
46693 BH40726AE 

1 
1 
7 
0 
6 
0 
6 
0 
2 
4 
6 

7 6  
0 5  
0 5  
5 3  

1 
0 
2 
4 
6 
8 

10 
10 
0 
6 
0 
6 
0 
0 
6 
0 
6 

23 4 
29 4 
35 4 
41 6 
47 6 

0 
0 

6 2  
0 
0 

6 2  
0 
0 
0 
6 

8 7  
0 
0 

0 75 
2 75 
4 75 
6 75 
8 75 
10 7 
0 5  

2 25 
4 6  
6 6  

* Coda arc cxplvncd m Table I1 3 6- I qlil 102wql 

6REAL 
6 DUP 

10 REAL 
5REAL 

1 1  REAL 
6REAL 

10 REAL 
2REAL 
4REAL 

5 4  REAL 
7 6  REAL 

126 REAL 
5 3  DUP 
5 3  REAL 

113 REAL 
6REAL 
2REAL 
4REAL 
6REAL 
8REAL 

10 REAL 
13 DUP 
13 REAL 
6REAL 

115 REAL 
6REAL 

12 REAL 
6REAL 
6REAL 

104 REAL 
6REAL 

12 REAL 
294 REAL 
354 REAL 
416 REAL 
476 REAL 
502 REAL 

5REAL 
6 2  REAL 

114 REAL 
2 5  REAL 

5REAL 
122 REAL 

6 REAL 
4 REAL 
6REAL 

8 7  REAL 
22 REAL 
6 DUP 
6 REAL 

275 REAL 
475 REAL 
675 REAL 
875 REAL 
107 REAL 
164 REAL 
2 2 5  REAL 
425 REAL 

6 6  REAL 
7 6  REAL 

GROSS BETA 
BH40141AE GROSS BETA 

GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 

BH403 19AE GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 

BH40525AE GROSS BETA 
BH40563AE GROSS BETA 

GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 

BH40385AE GROSS BETA 
BH40562AE GROSS BETA 

GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 

I1 3-269 
a 

31 9 
21 
22 
36 
37 
40 
45 
30 
45 
23 
27 
22 

15 55 
18 07 
16 72 

46 
31 42 
22 04 
26 58 

22 
20 
41 
21 
37 
35 
16 B 
34 B 

18 29 
42 

17 42 
20 6 
30 9 

19 
24 
27 
27 
18 
30 B 

25 5 
21 

26 87 
24 1 
30 3 

22 
19 

20 95 
22 6 

22 62 
1 1  
24 

19 39 
25 47 
31 07 
24 33 
27 1 1  
26 47 
45 96 
35 32 
33 04 
32 41 

A 
A 
A 
V 
V 
A 
A 
V 
V 
V 
V 
V 
V 
V 
V 
A 
V 
V 
V 
A 
A 
A 
A 
V 
V 
A 
A 
V 
A 
V 
A 
A 
V 
V 
V 
V 
V 
A 
A 
A 
V 
A 
A 
V 
V 
V 
V 
V 
V 
V 
V 
Y 
V 
V 
V 
V 
Y 
Y 
V 
V 

6 8  
4 8  

5 
5 1  
5 2  

5 
5 

4 5  
4 9  
3 5  
4 6  
3 7  

2 37 
2 53 
2 47 

5 8  
3 49 
2 83 
3 15 
3 5  
4 3  
5 2  
4 4  
4 9  
4 9  
4 7  
5 

2 54 
5 3  

2 51 
4 7  
6 6  

4 
4 2  

4 
4 3  
3 8  

5 
5 6  
4 7  

3 17 
5 3  
6 5  
4 1  
3 5  

2 76 
2 88 
2 86 
3 7  
3 8  

2 62 
3 06 
3 47 
2 98 
3 18 
3 16 
4 49 
3 74 
3 58 
3 54 
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TABLE 113 4 4  

a 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start End 
Locabon SampleNo Depth Depth QCCudc QCPartncr Chemicel Result Qual* Valid* Error 

-I__- ---- 
46693 BH40728AE 
46793 BH40729AE 
46793 BH4073 1AE 
46793 BH40732AE 
46793 BH40740AE 
46793 BH40823AE 
46793 BH40742AE 
46893 BH40743AE 
46893 BH40745AE 
46893 BH40746AE 
46893 BH40748AE 
46893 BH40825AE 
46893 BH40749AE 
46893 BH40754AE 
46993 BH40830AE 
46993 BH40757AE 
46993 BH40759AE 
46993 BH40768AE 
46993 BH40770AE 
47093 BH40771AE 
47093 BH40773AE 
47093 BH40774AE 
47093 BH40776AE 

8 6  
0 5  
2 5  
4 5  
6 5  
8 5  
8 2  
0 5  
2 2  
4 6  
6 6  
6 6  
8 6  

1 1  5 
1 3  
1 3  
3 3  
5 5  
7 2  
0 7  
2 7  
4 8  
6 8  

148 REAL 
2 5  REAL 
4 5  REAL 
6 5  REAL 
8 5  REAL 

147 DUP 
147 REAL 
2 5  REAL 
4 6  REAL 
6 6  REAL 
8 6  REAL 
8 6  DUP 

106 REAL 
125 REAL 
3 1  DUP 
3 1  REAL 

S R E A L  
7REAL 

131 REAL 
2 7  REAL 
4 7  REAL 
6 8  REAL 
8 8  REAL 

GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 

BH40742AE GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 

BH40748AE GROSS BETA 
GROSS BETA 
GROSS BETA 

BH40757AE GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 

37 96 
23 28 
17 19 
12 44 
23 17 
29 16 
28 18 
16 96 
16 25 
15 43 
29 98 
24 52 
23 54 
27 57 
49 18 
42 61 
32 09 
37 92 

21 16 
14 26 
33 22 
14 45 

22 a7 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

394 
2 97 
2 46 
2 16 

2 9  
3 31 
3 24 
2 46 
244  
2 36 
3 39 
3 03 
2 95 
3 24 
4 69 
4 26 
3 25 
3 93 
2 9  

2 79 
2 22 
3 61 
2 29 

* Codes are expliuncd in Table I1 3 6-1 Vb$ l m w q l  
I1 3 269 
9 of 27 
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TABLE IL3 44 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start End 
Locafion Sample No Depth Depth QC Code QC Partner Chemical Result Qual* Valid* Error 

' a  
--- ---- 

40993 BH40201AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH404 1 S A E  
40993 BH40416AE 
41193 BH40049AE 
4 1 193 BH40052AE 
41293 BH40196AE 
41593 BH40417AE 
41593 BH40418AE 
41593 BH40419AE 
41 593 BH40424AE 
41693 BH40217AE 
41693 BH40220AE 
4 1793 BH40243AE 
4 1793 BH40246AE 
4 1993 BH40062AE 
41993 BH40065AE 
42093 BH40103AE 
42193 BH40425AE 
42 193 BH40426AE 
42 193 BH40427AE 
42 193 BH40432AE 
421 93 BH40086AE 
42 193 BH4009 1 AE 
42193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH40261AE 
42393 BH40264AE 
42493 BH40438AE 
42493 BH40112AE 
42493 BH40439AE 
42493 BH40440AE 
42493 BH40441AE 
42493 BH40445AE 
42593 BH40446AE 
42593 BH40447AE 
42593 BH40448AE 
42593 BH40449AE 
42593 BH40450AE 
42593 BH40290AE 
43193 BH40306AE 
43 193 BH40309AE 
43393 BH40510AE 
43393 BH4051 IAE 
43393 BH405 12AE 
43393 BH40517AE 
43393 BH40324AE 
43493 BH40573AE 
43493 BH403 19AE 
43493 BH40322AE 
43593 BH40 180AE 
43693 BH40518AE 
43693 BH40519AE 
43693 BH40520AE 
43693 BH40521AE 
43693 BH40522AE 

0 
6 

10 
20 
31 
0 
6 
0 
0 
2 
4 
6 
0 
6 
0 
6 
0 
6 
0 
0 
2 
4 
6 

9 9  
16 
22 

28 3 
0 7  
6 1  

1 1  3 
0 
6 
0 
2 
2 
4 
6 
8 
0 
2 
4 
6 
8 

10 2 
0 
6 
0 
2 
4 
6 

7 6  
0 5  
0 5  
5 3  

1 
0 
2 
4 
6 
8 

* Codes are explaned in Table I1 3 6 I ClDCl 102wql 

6REAL 
10 REAL 
20 REAL 
31 REAL 
35 REAL 
6REAL 
8REAL 

3 3  REAL 
2REAL 
4REAL 
6REAL 

7 9  REAL 
6REAL 

12 REAL 
5REAL 

1 1  REAL 
6REAL 

12 REAL 
6 DUP 
2REAL 
4REAL 
6REAL 

9 9  REAL 
16 REAL 
22 REAL 

283 REAL 
313 REAL 
6 1  REAL 

113 REAL 
129 REAL 

6REAL 
8 1  REAL 

2REAL 
4 DUP 
4REAL 
6REAL 
8REAL 

102 REAL 
2REAL 
4REAL 
6 REAL 
8REAL 

102 REAL 
168 REAL 

5REAL 
1 1  REAL 
2REAL 
4REAL 

5 4  REAL 
7 6  REAL 

126 REAL 
5 3  DUP 
5 3  REAL 

113 REAL 
6REAL 
2 REAL 
4 REAL 
6 W  
8 REAL 

10 REAL 

PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-2391 
PLUTONIUM-239/ 
PLUTONIUM-239/ 

BH40483AE PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTOEJIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 

BH40439AE PLUTONIUM-239/ 
BH40112AE PLUTONlUM-239/ 

PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONKJM-239/ 
PLUTONIUM-239/ 

BH40319AE PLUTONTUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 

11 3 269 
to o f n  

16 
0 039 
0007 J 
0009 J 
0004 u 
0 39 
0 83 
0 28 

1 
0 037 
001 J 

ou 
3 

0 29 
2 9  

0013 J 
0 18 

0005 J 
1 3  

0058 B 
o u  

-0001 u 
0001 u 
0007 J 
0002 J 

ou  
0003 J 

0 4016 
0 01 16 
0 0138 

075 B 
015 B 
0 1 1  

o u  
0005 J 
0002 u 
0006 J 
0002 u 
0 29 

0 046 
-0001 u 
0018 1 

-0001 u 
0001 u 

1 3  
0005 U 
0098 B 
0001 u 
0009 BJ 
-0004 u 

o u  
0 2091 
0 2417 
0 0127 

25 B 
0 9876 
0002 J 

00052 J 
-0001 u 
-0001 u 

A 
A 
A 
A 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
V 
V 
V 
V 
A 
A 
V 
A 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
A 
A 
A 
A 
V 
V 
V 
A 
A 
A 
A 
V 
V 

0 24 
0 022 
0 008 
0 008 
0 01 
0 11 
0 18 

0 066 
0 16 

0 032 
0 01 

0 004 
0 4  

0 07 
064 
0 01 

0 022 
0004 
0 095 
0 028 
0 003 
0 004 
0 004 
0 008 
0 004 
0 004 
0 004 

0 0552 
0 00706 
0 00802 

0 13 
0 066 
0 032 
0 004 
0 006 
0 004 
0 008 
0 004 
0 064 
0 026 
0 004 

0 01 
0 005 
0 004 
0 18 

0 008 
0 032 
0 004 
0 014 
0 001 

0 01 
0 0363 
0 0421 

0 00802 
2 9  

0 144 
0 00912 
0 00916 

0 003 
0 004 
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TABLE IL3 4 4  

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Locabon SarnplcNo 

43693 BH40563AE 
43693 BH40525AE 
43793 BH40332AE 
43793 BH40335AE 
43893 BH40070AE 
43893 BH40073AE 
43993 BH40353AE 
44093 BH40348AE 
44093 BH40351AE 
44793 BH40133AE 
46593 BH40700AE 
46593 BH40702AE 
46593 BH40703AE 
46593 BH40705AE 
46593 BH40711AE 
46593 BH40713AE 
46693 BH40715AE 
46693 BH40717AE 
46693 BH407 1 8AE 
46693 BH40726AE 
46693 BH40728AE 
46793 BH40729AE 
46793 BH4073 1 AE 
46793 BH40732AE 
46793 BH40740AE 
46793 BH40742AE 
46793 BH40823AE 
46893 BH40743AE 
46893 BH40745AE 
46893 BH40746AE 
46893 BH40825AE 
46893 BH40748AE 
46893 BH40749AE 
46893 BH40754AE 
46993 BH40830AE 
46993 BH40757AE 
46993 BH40759AE 
46993 BH40768AE 
46993 BH40770AE 
47093 BH40771AE 
47093 BH40773AE 
47093 BH40774AE 
47093 BH40776AE 

Start End 
Depth Dcpth QCCode QCPartncr Chemical Result Qual* Valid* Error 

10 13 DUP 
10 13 REAL 
0 6REAL 
6 l l 5 R E A L  
0 6REAL 
6 12 REAL 
0 6REAL 
0 6REAL 
6 104REAL 
0 25REAL 

075 275 REAL. 
275 475 REAL 
475 675 REAL 
675 875 REAL 
875 107 REAL 
107 164 REAL 
0 5  225REAL 

225 425 REAL 
4 6  66REAL 
6 6  76REAL 
8 6  148REAL 
0 5  25REAL 
2 5  45REAL 
4 5  6 5  REAL 
6 5  8 5  REAL 
8 5  147REAL 
8 5  147DUP 
0 5  25REAL 
2 5  46REAL 
4 6  6 6 W  
6 6  8 6  DUP 
6 6  8 6  REAL 
8 6  106REAL 

1 1 5  125 REAL 
1 3  3 1  DUP 
1 3  3 1  REAL 
3 3  5REAL 
5 5  7REAL 
7 2  131 REAL 
0 7  27REAL 
2 7  47REAL 
4 8  68REAL 
6 8  88REAL 

BH40525AE PLUTONIUM-239/ 
BH40563AE PLUTONIUM-239/ 

PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIuM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTO”M-239/ 

BH40742AE PLUTONILJM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLuTONIUM-239/ 

BH40748AE PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239I 
PLUTONIUM-239/ 

BH40757AE PLUTONIuM-239/ 
PLuTONIUM-239/ 
PLUTONIUM-239/ 
PLuTONRIM-239/ 
PLUTONIUM-239/ 
PLuToNIUM-239/ 
PLUTONIUM-239/ 
PLUTONIUM-239/ 
PLuTONIUM-239/ 

0002 J 
0003 J 

4 
0026 J 
061 B 
014 B 

0 1369 
0048 B 

00029 J 
0 1623 
0 9232 
0 0214 
0 0431 
00069 J 
0 017 

00031 J 
0 706 

0 0493 
001 J 

00047 J 
00005 J 
0 0449 
0 0079 
0 0186 
00062 J 
00056 J 
00049 J 
0 0382 

-00028 J 
00056 J 
00011 J 
00012 J 
00002 J 
00007 J 
0 0105 
0 0799 
00033 J 
0014 J 

00023 J 
0 0126 

-00012 J 
00065 J 
00011 J 

V 
V 
V 
V 
V 
V 
A 
A 
A 
A 
A 
Y 
A 
A 
A 
A 
Y 
Y 
R 
A 
A 
V 
V 
V 
V 
V 
V 
A 
A 
A 
V 
V 
V 
V 
A 
A 
V 
A 
V 
V 
V 
V 
V 

0 004 
0004 
0 49 

0 014 
0 1  

0 048 
0 0288 
0 022 

0 00514 
0 0291 

0 12 
0 00977 

0 023 
0 0096 
0 0153 
0 0107 
0 115 

0 0206 
0 0133 

000662 
0 00605 
0 0212 

0 00715 
0 0102 

0 00765 
0 0154 

0 00727 
0 0134 

0 00328 
0 00789 
0 00385 
0 00314 
0 0021 1 
0 00252 
0 0073 1 
0 0206 
0 0074 
0 0198 

0 00323 
0 00964 
0 00417 
0 0116 

0 00367 

* Codes are, expla~md in Table I1 3 6-1 
102wql 
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TABLE I U  44 

h h o n  SampleNo 

40993 BH4020 1AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
40993 BH40416AE 
41193 BH40049AE 
4 1 193 BH40052AE 
41293 BH40196AE 
41593 BH40417AE 
41593 BH40418AE 
4 1 593 BH404 19AE 
4 1 593 BH40424AE 
41693 BH40217AE 
41693 BH40220AE 
41 793 BH40243AE 
4 1793 BH40246AE 
42 193 BH40425AE 
42 193 BH40426AE 
42193 BH40427AE 
42 193 BH40432AE 
42193 BH40086AE 
42 193 BH40091 AE 
42193 BH40430AE 
421 93 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH40261AE 
42393 BH40264AE 
42493 BH40438AE 
42493 BH40439AE 
42493 BH401 l2AE 
42493 BH40440AE 
42493 BH40441AE 
42493 BH40445AE 
42593 BH40446AE 
42593 BH40447AE 
42593 BH40448AE 
42593 BH40449AE 
42593 BH40450AE 
42593 BH40290AE 
43 193 BH40306AE 
43 193 BH40309AE 
43393 Bff40510AE 
43393 BH40511AE 
43393 BH40512AE 
43393 BH405 17AE 
43393 BH40324AE 
43493 BH40573AE 
43493 BH403 19AE 
43493 BH40322AE 
43593 BH40 180AE 
43693 BH40518AE 
43693 BH40519AE 
43693 BH40520AE 
43693 BH40521AE 
43693 BH40522AE 
43693 BH40563AE 
43693 BH40525AE 
43793 BH40332AE 

0 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start 
Dtpth 

0 
6 

10 
20 
31 
0 
6 
0 
0 
2 
4 
6 
0 
6 
0 
6 
0 
2 
4 
6 

9 9  
16 
22 

28 3 
0 7  
6 1  

1 1  3 
0 
6 
0 
2 
2 
4 
6 
8 
0 
2 
4 
6 
8 

10 2 
0 
6 
0 
2 
4 
6 

7 6  
0 5  
0 5  
5 3  

1 
0 
2 
4 
6 
8 

10 
10 
0 

* Codes are explvned in Table II 3 6-1 
102 wql 

End 
Depth QCCoda QCPartncr Chomrcal -- 

6REAL RADIUM426 
10 REAL RADIUM-226 
20 REAL RADIUM-226 
31 REAL RADIUM-226 
35 REAL RADIUM-226 
6REAL RADIUM-226 
8REAL RADIUM426 

3 3  REAL RADIUM-226 
2REAL RADIUM-226 
4REAL RADIUM-226 
6REAL RADIUM-226 

7 9  REAL RADIUM-226 
6REAL RADIUM-226 

12 REAL RADIUM-226 
5REAL RADIUM-226 

1 1  REAL RADIUM-226 
2REAL RADIUM-226 
4REAL RADIUM-226 
6REAL RADIUM-226 

9 9  REAL RADIUM-226 
16 REAL . RADIUM-226 
22 REAL RADIUM-226 

283 REAL RADIUM-226 
313 REAL RADIUM-226 
6 1  REAL RADIUM-226 

113 REAL RADIUM-226 
129 REAL RADIUM-226 

6REAL RADIUM-226 
8 1  REAL RADIUM-226 

2REAL RADIUM-226 
4 REAL BH40112AE RADIUM-226 
4 DUP BH40439AE RADIUM-226 
6REAL RADIUM-226 
8REAL RADIUM-226 

102 REAL RADIUM-226 
2REAL RADIUM-226 
4REAL RADIUM-226 
6REAL RADIUM-226 
8REAL RADIUM-226 

102 REAL RADIUM-226 
168 REAL RADIUM-226 

5 REAL RADIUM-226 
1 1  REAL RADIUM-226 
2REAL RADIUM-226 
4REAL RADIUM-226 

5 4  REAL RADIUM-226 
7 6  REAL RADIUM-226 

126 REAL RADIUM-226 
5 3 DUP BH40319AE RADIUM-226 
5 3  REAL RADIUM-226 

113 REAL RADIUM-226 
6 REAL RADIUM-226 
2 REAL RADIUM-226 
4 REAL RADIUM-226 
6 REAL RADIUM-226 
8 REAL RADIUM-226 

10 REAL RAD l U M -226 
13 DUP BH40525AE RADIUM-226 
13 REAL BH40563AE RADIUM-226 
6 REAL RADIUM-226 

11 3 269 
I2 of 27 

Result Qual* 
.-- 

1 1  
0 67 
0 4  J 

0 63 
0 93 

0 52 
084 
0 88 
0 69 
0 59 
0 53 
0 82 
038  J 
0 55 
049  J 

1 
0 73 
048  J 
037 J 

0 7  
0 89 
084 
0 89 

04335 x 
06753 X 
05555 x 

0 94 
1 1  
1 1  

0 86 
0 88 
0 55 
0 53 
0 66 
0 93 
0 56 
0 59 
0 62 
064 
0 9  

0 59 
0 65 
0 8  

0 54 
0 58 

1 9  
084 

0731 X 
05432 X 
05998 X 

0 75 
06367 X 
05565 X 
0836 X 
0 59 
0 53 
0 71 

1 
0 85 

0 7  U 

V&d* Error 

V 
V 
V 
V 
V 
A 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
R 
R 
R 
A 
A 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
R 
R 
R 
A 
R 
R 
R 

V 

0 3  
0 27 
0 17 
0 16 
0 17 
0 59 
0 3  

0 28 
0 33 
0 34 
0 33 
0 24 
0 29 
0 25 
0 32 
0 24 
0 43 
0 26 
0 28 
0 21 
0 21 
0 23 
0 24 
0 24 

0 112 
0 138 
0 1 1  
0 29 
0 31 
0 29 
0 28 
0 29 
0 31 
0 3  

0 25 
0 25 
0 25 
0 23 
0 2  

0 26 
0 21 
0 36 
0 32 
0 29 
0 32 
0 29 
0 32 
0 33 

0 123 
0 138 
0 107 
0 26 

0 121 
0 173 
0 127 
0 28 
0 33 
0 33 
0 31 
0 29 
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I TABLE 113 4 4  

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start End 
Locabon SampieNo Depth Dcpth QCCode QCPrutncr Chmcal Result Qual* Valid+ Emr --- -_I_-- 

43793 BH40335AE 
43893 BH40070AE 
13893 BH40073AE 
43993 BH40353AE 
44093 BH40348AE 
44093 BH40351AE 
44793 BH40133AE 
46593 BH40700AE 
46593 BH40702AE 
46593 BH40703AE 
46593 BH40705AE 
46593 BH40711AE 
46593 BH40713AE 
46693 BH407 15AE 
46693 BH40717AE 
46693 BH40718AE 
46693 BH40726AE 
46693 BH40728AE 
46793 BH40729AE 
46793 BH40731AE 
46793 BH40732AE 
46793 BH40740AE 
46793 BH40742AE 
46793 BH40823AE 
46893 BH40743AE 
46893 BH40745AE 
46893 BH40746AE 
46893 BH40825AE 
46893 BH40748AE 
46893 BH40749AE 
46893 BH40754AE 
46993 BH40830AE 
46993 BH40757AE 
46993 BH40759AE 
46993 BH40768AE 
46993 BH40770AE 
47093 BH40771AE 
47093 BH40773AE 
47093 BH40774AE 
47093 BH40776AE 

6 
0 
6 
0 
0 
6 
0 

0 75 
2 75 
4 75 
6 75 
8 75 
10 7 
0 5  

2 25 
4 6  
6 6  
8 6  
0 5  
2 5  
4 5  
6 5  
8 5  
8 5  
0 5  
2 5  
4 6  
6 6  
6 6  
8 6  

11 5 
1 3  
1 3  
3 3  
5 5  
7 2  
0 1  
2 7  
4 8  
6 8  

115 REAL 
6 W  

12 REAL 
6REAL 
6REAL 

104 REAL 
2 5  REAL. 

275 REAL 
475 REAL 
675 REAL 
875 REAL 
107 REAL 
164 REAL 
225 REAL 
425 REAL 
6 6  REAL 
7 6  REAL 

148 REAL 
2 5  REAL 
4 5  REAL 
6 5  REAL 
8 5  REAL 

147 REAL 
147 DUP 
2 5  REAL 
4 6  REAL 
6 6  REAL 
8 6  DW 
8 6  REAL 

106 REAL 
125 REAL 
3 1  DUP 
3 1  REAL 

SREAL 
7REAL 

131 REAL 
2 7  REAL 
4 7  REAL 
6 8  REAL 
8 8  REAL 

RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM426 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 

BH40742AE RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 

BH40748AE RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 

BH40757AE RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 
RADIUM-226 

0 62 
0 93 
049 J 

06609 X 
0 75 

05964 X 
0 7531 

1822 X 
1 x  

1585 X 
1893 X 
1713 X 
1954 x 
5888 X 
1243 X 
2113 X 
3276 X 
2677 X 
3072 X 
2069 X 
2243 X 
1918 X 
2337 x 
266 X 

09226 X 
107 X 

0951 X 
2205 X 
1623 X 
1507 X 
2075 X 
5425 X 
4538 X 
2864 X 
683% X 
1565 X 
1164 x 
1101 x 
1301 X 
115 X 

V 
A 
A 
R 
A 
R 
R 
V 
Y 
v 
V 
V 
V 
Y 
Y 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

0 25 
0 28 
0 27 

0 112 
0 22 

0 135 
0 123 
0 423 
0 395 
0 398 
0 549 
0 488 
0 729 
0 856 
0 387 
0 505 
0 638 
0 619 
0 62 

0 634 
0 55 

0 456 
0 524 
0 621 

0 45 
0 386 
0 36 

0 526 
0 441 
0 398 
0 561 
0 761 
0644 
0 524 
0 92 

0 448 
0 402 
0 364 
0 456 
0 35 

Codes are explaned in Table II 3 6-1 q lw IMwql 
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TABLE IL3 44 

I OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Skut End 
Location SampleNo Depth Depth Q C W e  QCPartner Chemical Result Qual* Valid* Error --- _I_--- 

40993 BH40201AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH404 15AE 
40993 BH404 16AE 
41193 BH40049AE 
41 193 BH40052AE 
41293 BH40196AE 
41593 BH40417AE 
41593 BH40418AE 
41593 BH40419AE 
41 593 BH40424AE 
4 1693 BH402 17AE 
41693 BH40220AE 
41793 BH40243AE 
4 1793 BH40246AE 
41993 BH40062AE 
41993 BH40065AE 
42093 BH40103AE 
42193 B€€40425AE 
42193 BH40426AE 
42193 BH40427AE 
42 193 BH40432AE 
42193 BH40086AE 
42193 BH40091AE 
42193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH40261AE 
42393 BH40264AE 
42493 BH40438AE 
42493 BH40439AE 
42493 BH40112AE 
42493 BH40440AE 
42493 BH40441AE 
42493 BH40445AE 
42593 BH40446AE 
42593 BH40447AE 
42593 BH40448AE 
42593 BH40449AE 
42593 BH40450AE 
42593 BH40290AE 
43 193 BH40306AE 
43 193 BH403Q9AE 
43393 BH40510AE 
43393 BH40511AE 
43393 BH40512AE 
43393 BH40517AE 
43393 BH40324AE 
43493 BH40573AE 
43493 BH40319AE 
43493 BH40322AE 
43593 BH40180AE 
43693 BH405 18AE 
43693 BH405 19AE 
43693 BH40520A.E 
43693 BH40521AE 
43693 BH40522AE 

I 

0 

0 
6 

10 
20 
31 
0 
6 
0 
0 
2 
4 
6 
0 
6 
0 
6 
0 
6 
0 
0 
2 
4 
6 

9 9  
16 
22 

28 3 
0 7  
6 1  

1 1  3 
0 
6 
0 
2 
2 
4 
6 
8 
0 
2 
4 
6 
8 

10 2 
0 
6 
0 
2 
4 
6 

7 6  
0 5  
0 5  
5 3  

1 
0 
2 
4 
6 
8 

* Codes arc explaned in Table I1 3 6 I tl I3 102wql 

6REAL  
10 REAL 
20 REAL 
31 REAL 
35 REAL 
6REAL 
8REAL 

3 3  REAL 
2REAL 
4REAL 
6REAL 

7 9  REAL 
6REAL 

12 REAL 
5REAL 

1 1  REAL 
6 R J 3 L  

12 REAL 
6 DUP 
2REAL 
4REAL 
6REAL 

9 9  REAL 
16 REAL 
22 REAL 

283 REAL. 
313 REAL 
6 1  REAL 

113 REAL 
129 REAL 

6REAL 
8 1  REAL 

2REAL 
4REAL 
4 DUP 
6REAL 
8REAL 

102 REAL 
2REAL 
4REAL 
6REAL 
8REAL 

102 REAL 
168 REAL 

5 R E A L  
1 1  REAL 
2REAL 
4REAL 

5 4  REAL 
7 6  REAL 

126 REAL 
5 3  DUP 
5 3  REAL 

113 REAL 
6 REAL 
2REAL 
4REAL 
6 REAL 
8REAL 

10 REAL 

STRO"M-89,9 
STRONTIUM-89,9 
STRONTIUM-89,9 
STRONTIUM-89.9 
STRONTIUM-89,9 
STRONTIUM-89.9 
STRONTIUM-89.9 
STRONTIUM-89,9 
STRONTIUM-89,9 
STRO"M-89,9 

STRONTIuM-89,9 
STRONTIUM-89.9 
STRONTIUM-89,9 
STRONTIUM-89,9 
STRONTIUM-89.9 
STRO"M-89,9 
STRONTIUM-89,9 

BH40483AE STRONTlUM-89,9 
STRONTIUM-89,9 
STRONTIUM-89,9 
STRONTIUM-89.9 
STRONTIUM-89,9 
STRONTIUM-89.9 
STRONTIUM-89,9 
STRONTIUM-89.9 
STRONTIUM-89 9 
STRONTIUM-89,9 
STRONTIUM-89,9 
STRONTIUM-89,9 
STRONTIUM-89,9 
STRONTIUM-89,9 
STRONTIUM-89.9 

BH40112AE STRONTIUM-89,9 
BH40439AE STRONTIUM-89 9 

STRONTIUM-89,9 
STRO"UM-89,9 
STRONTIUM-89,9 
STRONTIUM-89,9 
STRONTIUM-89,9 
STRONTIuM-89,9 
STRONTIUM-89,9 
STRONTIUM-89,9 
STRONTIIIM-89,9 
STRONTIUM-89,9 
STRONTIUM-89,9 
STRONTW-89,9 
STRONTlUM-89,9 
STRONTIUM-89.9 
STRONTlUM-89,9 
STRONTIUM-89.9 

BH40319AE STRONTIUM-89.9 
STRONTIUM-89 9 
STRONTIUM-89,9 
STRONTIUM-89,9 
STRONTIUM-89 9 
STRONTIUM-89 9 
STRONTIUM-89.9 
STRONTIUM-89 9 
STRONTIUM-89,9 

STRONTIUM-89.9 
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032 J 
042 J 
012 u 
026 U 
0 0 8  U 
0 4 9  J 
0 5  J 

014 U 
025 U 
032 J 
017 U 
024 U 
0 3  BJ 

049 BJ 
033  BJ 
045 J 

-0031 U 
0005 u 
0079 U 
021 u 
0 2 8  U 
047 J 
067 J 
021 u 
024 U 

-009 U 
027 U 

0 6828 
0 1634 
0 2596 

031 U 
0 8  J 

034 J 
045 J 
0 2 8  U 
024 U 
027 J 
027 U 
074 J 
026 U 
0 3 8  J 
035 U 
0 4  J 

034 U 
062 J 
088 BJ 
014 U 
053 U 
019 U 
033 J 
039 J 

0 1257 
0 1481 
0 0573 

0 5517 
0 5343 
0 0515 

026 J 

036 J 
041 U 

A 
A 
A 
A 
A 
V 
V 
A 
V 
V 
V 
V 
A 
A 
A 
A 
V 
V 
V 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
JA 
A 
V 
R 
V 
V 
V 
A 
JA 
A 
A 
V 
V 
V 
V 
JA 

0 21 
0 2  

0 16 
0 19 
0 21 
0 18 
0 28 
0 21 
0 18 
0 21 
0 18 
0 18 
0 19 
0 27 
0 21 
0 29 
0 18 
0 13 
0 17 
0 22 
0 24 
0 21 
0 26 
0 18 

0 2  
0 2  
0 2  

0 178 
0 048 

0 0705 
0 25 
0 4  

0 23 
0 25 
0 32 
0 18 
0 19 
0 2  

0 32 
0 21 
0 18 
0 26 
0 27 
0 25 

0 4  
0 26 
0 2  

0 71 
0 19 
0 18 
0 21 

0 0422 
0 0492 

0 028 
0 17 

0 148 
0 147 
0 028 
0 21 

0 4  
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TABLE IL3 4-4 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Locahon Sample No 

43693 BH40563AE 
, 43693 BH40525AE 
I 43793 BH40332AE 

43793 BH40335AE 
43893 BH40070AE 
43893 BH40073AE 
43993 BH40353AE 
44093 BH40348AE 
44093 BH40351AE 
44793 BH40 133- 
46593 BH40700AE 
46593 BH40702AE 
46593 BH40703AE 
46593 BH40705AE 
46593 BH40711AE 
46593 BH40713AE 
46693 BH40715AE 
46693 BH407 17AE 
46693 BH40718AE 
46693 BH40726AE 
46693 BH40728AE 
46793 BH40729AE 
46793 BH4073 1AE 
46793 BH40732AE 
46793 BH40740AE 
46793 BH40742AE 
46793 BH40823AE 
46893 BH40743AE 
46893 BH40745AE 
46893 BH40746AE 
46893 BH40825AE 
46893 BH40748AE 
46893 BH40749AE 
46893 BH40754AE 
46993 BH40757AE 
46993 BH40830AE 
46993 BH40759AE 
46993 BH40768AE 
46993 BH40770AE 
47093 BH40771AE 
47093 BH40773AE 
47093 BH40774AE 
47093 BH40776AE 

Start End 
Depth Depth QCCodt QCPartacr Chemical Result Qual* Valid* Error 

~ ___- - ~~~- 

10 13 DUP 
10 13 REAL 
0 6REAL 
6 115REAL 
0 6REAL 
6 12 REAL 
0 6REAL 
0 6REAL 
6 104REAL 
0 25REAL 

075 275 REAL 
275 475 REAL 
475 675 REAL 
675 875 REAL 
875 107 REAL 
107 164 REAL 
0 5  225REAL 

225 425 REAL 
4 6  66REAL 
6 6  76REAL 
8 6  148REAL 
0 5  25REAL 
2 5  45REAL 
4 5  6 5  REAL 
6 5  8 5  REAL 
8 5  147REAL 
8 5  147DUP 
0 5  2 5  REAL 
2 5  46REAL 
4 6  66REAL 
6 6  8 6  DUP 
6 6  8 6  REAL 
8 6  106REAL 

1 1 5  125 REAL 
1 3  3 1  REAL 
1 3  3 1  DUP 
3 3  5REAL 
5 5  7REAL 
7 2  131 REAL 
0 7  27REAL 
2 7  47REAL 
4 8  68REAL 
6 8  8 8  REAL 

BH40525AE STRONTIUM-89.9 
BH40563AE STRONTIUM-89,9 

STRONTIUM-89.9 
STRONTIUM-89,9 
STRO"M-89,9 
STRONTIUM-89,9 
STRONTIUM-89,9 
STRONTIUM-89,9 
STRONTIUM-89,9 
STRONTIUM-89,9 
STRONTIUh4-89,9 
STRONTNM-89,9 
STRO"M-89,9 
STRONTIUM-89.9 
STRONTIUM-89.9 
STRONTIUM-89,9 
STRONTIUM-89,9 
STRONTIUM-89.9 
STRONTIUM-89,9 
STRO"M-89,9 
STRONTIUM-89,9 
STRONTIUM-89,9 
STRONTlllM-89,9 
STRONTNM-89,9 
STRONTIUM-89.9 
STRONTIUM-89,9 

BH40742AE STRONTIUM-89 9 
STRONTIuM-89,9 
STRONTIUM-89 9 
STRONTIUM-89,9 

BH40748AE STRONTIUM-89,9 
STRONTIUM-89,9 
STRONTWM-89,9 
STRONTIUM-89.9 
STRONTIUM-89.9 

BH40757AE STRONTIUM-89,9 
STRO"M-89,9 
STRONTIUM-89.9 
STRONTIUM-89 9 
STRONTNM-89,9 
STRONTIUM-89.9 
STRONTIUM-89,9 
STRONTIUM-89,9 

0 2 8  J 
0 2 8  U 
0 2 9  U 
027 U 
017 U 
036 U 

034 J 
0028 J 
0 102 

0 1247 
0 1313 
00162 J 
00347 J 
0 2754 
0 1207 
0 0786 
0 0583 
0 1386 
0 2121 
06411 
0 0619 
0 4763 
0 7136 
0 281 

0 2222 
0 1437 
0 1741 

064 
0 7258 
0 3341 
0 3162 
0 0915 
0 1303 
0 6789 
0 4343 
00139 J 
0 1645 
0 0867 
0 1972 
0 0947 
00424 J 
0 1139 

0 1368 

V 
V 
A 
A 
V 
JA 
V 
A 
V 
V 
A 
Y 
A 
A 
A 
A 
Y 
Y 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

0 17 
0 2  

0 31 
0 21 
0 14 
0 37 

0 0465 
0 21 

0 0229 
0 0373 
0 0425 
00441 
0 0216 
0 0244 
0 0808 
0 0414 
0 041 

0 0292 
0 0463 
0 0633 
0 168 

0 0299 
0 127 
0 193 

0 0809 
0 066 

0 0488 
0 0547 
0 045 
0 181 
0 119 
0 116 

0 0425 
0 054 
0 182 
0 118 

0 0276 
0 0524 
0 0419 
0 0602 
0 0355 
0 0263 
0 0488 
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TABLE IU 4 4  

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Locahon SampleNo 

40093 BH40170AE 
40193 BH40488AE 
40193 BH40490AE 
40193 BH40495AE 
40293 BH40 1 18AE 
40393 BH40123AE 
40593 BH40128AE 
40593 BH40131AE 
40593 BH40365AE 
40593 BH40400AE 
40793 BH40157AE 
40793 BH40413AE 
40793 BH40160AE 
40793 BH40414AE 
40893 BH40030AE 
40993 BH40201AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
40993 BH40416AE 
41 193 BH40049AE 
41193 BH40052AE 
41293 BH40196AE 
41593 BH40417AE 
4 1 593 BH404 1 8AE 
41593 BH40419AE 
4 1 593 BH40424AE 
41693 BH40217AE 
41693 BH40220AE 
41793 BH40243AE 
4 1793 BH40246AE 
4 1 993 BH40062AE 
41993 BH40065AE 
42093 BH40483AE 
42093 BH40103AE 
42193 BH40425AE 
421 93 BH40426AE 
42193 BH40427AE 
42193 BH40432AE 
42 193 BH40086AE 
42193 BH40091AE 
42193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH40261AE 
42393 BH40264AE 
42493 BH40438AE 
42493 BH40112AE 
42493 BH40439AE 
42493 BH40440AE 
42493 BH40441AE 
42493 BH40445AE 
42593 BH40446AE 
42593 BH40447AE 
42593 BH40448AE 
42593 BH40449AE 
42593 BH40450AE 
42593 BH40290AE 

Start End 
Depth Depth QCCode QCPartncr Chemical Result Qual* Valid* 

Codes are explaned in Table I1 3 6 I tl tj 102wql 

6 84REAL 
0 6REAL 
6 12 REAL 

18 UREAL 
0 29REAL. 
0 5REAL 
0 5REAL 
6 1 1  REAL. 

12 18 REAL 
18 24 REAL 
0 S R E A L  
0 5REAL 
6 8 1  REAL 

8 1  13 REAL 
0 7REAL 
0 6REAL 
6 10 REAL 

10 20 REAL 
20 31 REAL 
31 35 REAL 
0 6REAL 
6 8REAL 
0 3 3  REAL 
0 2REAL 
2 4REAL 
4 6REAL 
6 79REAL 
0 6REAL 
6 12 REAL 
0 5 R E A L  
6 1 1  REAL 
0 6REAL 
6 12 REAL 
0 6REAL 
0 6 DUP 
0 2REAL 
2 4REAL 
4 6REAL 
6 99REAL 

9 9  16 REAL 
16 22 REAL 
22 283 REAL 

283 313 REAL 
0 7  6 1  REAL 
6 1  113REAL 

113 129 REAL 
0 6REAL 
6 8 1  REAL 
0 2REAL 
2 4 DUP 
2 4 REAL 
4 6 REAL 
6 8REAL 
8 102 REAL 
0 2 REAL. 
2 4 REAL 
4 6 REAL 
6 8 REAL 
8 102 REAL 

102 168 REAL 

TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITRIM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 

BH40157A.E TRITTUM 
TRITIUM 
TRITIUM 
TRTTIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 

BH40483AE TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 

BH40439AE TRITIUM 
BH40112AE TRITIUM 

TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
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Error 

277 JA 
202 JA 
408 JA 
139 JA 
520 A 
160 u A 
400 A 
980 JA 

-330 U R 
1400 A 
250 U A 
350 U A 

1100 B A 
770 A 

2390 JA 
670 B A 
440 B A 

2900 B A 
A 3100 B 

270 U A 
-890 U R 
2400 A 

120 u A 
1 2000 A 
16000 A 
1 1000 A 
8000 A 
810 B A 

1200 B A 
1000 A 
3900 B A 

800 U V 
120 u V 

1363 J V 
75 u V 

41000 A 
34000 A 
28000 A 

1200 A 
1300 B A 
1100 B A 
590 B A 
760 B A 

1602 J V 
1952 V 
3168 V 
1300 A 

-12 u A 
10000 A 
6600 A 
7000 A 
1100 A 
440 A 
270 U A 

12000 A 
11000 A 
6700 A 
5100 A 
1400 A 
790 B A 

123 
118 
549 
112 
310 
230 
250 
370 
260 
370 
240 
240 
280 
310 
360 
250 
240 
350 
360 
230 
280 
340 
290 
720 
740 
620 
520 
290 
290 
380 
400 
580 
250 
224 
400 

1100 
970 
910 
270 
240 
230 
200 
210 
22 1 
327 
407 
300 
230 
600 
480 
490 
280 
250 
240 
630 
600 
480 
430 
290 
210 
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TABLE IW 44 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start End 
Locatton SampleNo Depth Depth QCcodc QCPartner Chmcal Result Qual* Valid* E m r  --- ---- 

42993 BH40094AE 
42993 BH40141AE 
43 193 BH40306AE 
43 193 BH40309AE 
43293 BH40041AE 
43293 BH40044AE 
43393 BH40510AE 
43393 BH40511AE 
43393 BH40512AE 
43393 BH40517AE 
43393 BH40324AE 
43493 BH403 19% 
43493 BH40573AE 
43493 BH40322AE 
43593 BH40180AE 
43693 BH405 18AE 
43693 BH40519AE 
43693 BH40520AE 
43693 BH40521AE 
43693 BH40522AE 
43693 BH40525AE 
43693 BH40563AE 
43793 BH40332AE 
43793 BH40335AE 
43893 BH40070AE 
43893 BH40073AE 
43993 BH40353AE 
44093 BH40348AE 
44093 BH40351AE 
44193 BH40078AE 
44 193 BH4008 1 AE 
44 193 BH40429AE 
44193 BH40568AE 
44193 BH40569AE 
44193 BH40570AE 
44193 BH40089AE 
44393 BH40033AE 
44593 BH40001AE 
44593 BH40005AE 
44793 BH40133AE 
44893 BH40188AE 
44893 BH40191AE 
45693 BH40374AE 
45793 BH40557AE 
45893 BH40377AE 
45893 BH40380AE 
45893 BH40382AE 
46193 BH40385AE 
46193 BH40562AE 
46593 BH40700AE 
46593 BH40702AE 
46593 BH40703AE 
46593 BH40705AE 
46593 BH40711AE 
46593 BH40713AE 
46693 BH40715AE 
46693 BH40717AE 
46693 BH407 18AE 
46693 BH40726AE 
46693 BH40728AE 

1 
1 
0 
6 
0 
6 
0 
2 
4 
6 

7 6  
0 5  
0 5  
5 3  

1 
0 
2 
4 
6 
8 

10 
10 
0 
6 
0 
6 
0 
0 
6 
0 
6 

23 4 
29 4 
35 4 
41 6 
47 6 

0 
0 

6 2  
0 
0 

6 2  
0 
0 
0 
6 

8 7  
0 
0 

0 75 
2 75 
4 75 
6 75 
8 75 
10 7 
0 5  

2 25 
4 6  
6 6  
8 6  

* Codes are explarncd in Table II 3 6 I 
102 wql 

6 DUP 
6REAL 
5REAL. 

1 1  REAL 
6REAL 

10 REAL. 
2REAL 
4REAL 

5 4  REAL 
7 6  REAL 

126 REAL 
5 3  REAL 
5 3  DUP 

113 REAL 
6REAL 
2REAL 
4REAL 
6REAL 
8REAL 

10 REAL 
13 REAL 
13 DUP 
6REAL 

1 1 5  REAL 
6REAL 

12 REAL 
6REAL 
6REAL 

104 REAL 
6REAL 

12 REAL 
294 REAL 
354 REAL 
416 REAL 
476 REAL 
502 REAL 

5REAL 
6 2  REAL 

114 REAL 
2 5  REAL 

5REAL 
122 REAL 

6 REAL. 
4 REAL 
6REAL 

8 7  REAL 
22 REAL 
6REAL 
6 DUP 

275 REAL 
475 REAL 
675 REAL 
875 REAL 
107 REAL 
164 REAL 
225 REAL 
425 REAL 

6 6  REAL 
7 6  REAL 

148 REAL 

BH40141AE TRITIUM 
TRITIUM 
TRITIUM 
TRITNM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 

BH40319AE TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 

BH40563AE TRITIUM 
BH40525AE TRITIUM 

TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 

BH40562AE TRITIUM 
BH40385AE TRITIUM 

TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
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1500 
2700 
360 U 

3800 B 

340 U 
-740 U 

26000 
20000 
26000 
62000 
13000 
351 7 
322 9 
1656 J 
1300 
5336 

14400 
21620 
11000 
15000 
13000 
11000 

600 
770 B 
300 U 
92 U 

1096 J 
570 
350 
329 
110 
920 B 
590 B 
570 B 
880 B 
550 B 
260 U 
118 
133 

1557 J 
144 
118 

1800 
190 U 

1657 J 
6397 J 
1045 
3300 
3200 

25590 
12160 
7430 
9093 

11610 
4817 

466 10 
48400 

5644 
43060 
21540 

JA 
JA 
A 
A 
R 
A 
A 
A 
A 
A 
A 
V 
V 
V 
A 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
V 
A 
V 
JA 
JA 
A 
A 
A 
A 
A 
A 
JA 
JA 
V 
JA 
JA 
A 
A 
V 
V 
V 
A 
A 
V 
Y 
V 
V 
V 
V 
Y 
Y 
V 
V 
V 

240 
370 
250 
390 
300 
230 
960 
790 
880 

1300 
630 
23 1 
229 
22 1 
310 
558 

1210 
1730 
590 
680 
640 
580 
360 
280 
250 
220 
223 
340 
235 
145 
154 
220 
200 
210 
340 
220 
240 
126 
124 
225 
113 
177 
300 
270 
224 
218 
273 
360 
360 

2010 
1040 
705 
823 

1000 
52 1 

3540 
3670 

579 
3280 
1720 
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TABLE IL3 4 4  

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start End 
I Locabon SampleNo Lkpth Depth QCCode QCPartncr Chcnucal Result Qual* Valid* Error --- ---- 

46793 BH40729AE 
46793 BH40731AE 
46793 BH40732AE 
46793 BH40740AE 
46793 BH40742AE 
46793 BH40823AE 
46893 BH40743AE 
46893 BH40745AE 
46893 BH40746AE 
46893 BH40748AE 
46893 BH40825AE 
46893 BH40749AE 
46893 BH40754AE 
46993 BH40757AE 
46993 BH40830AE 
46993 BH40759AE 
46993 BH40768AE 
46993 BH40770AE 
47093 BH40771AE 
47093 BH40773AE 
47093 BH40774AE 
47093 BH40776AE 

0 5  
2 5  
4 5  
6 5  
8 5  
8 5  
o s  
2 5  
4 6  
6 6  
6 6  
8 6  

1 1  5 
1 3  
1 3  
3 3  
5 5  
7 2  
0 7  
2 7  
4 8  
6 8  

2 5  REAL 
4 5  REAL 
6 5  REAL 
8 5  REAL 

147 REAL 
147 DUP 
2 5  REAL 
4 6  REAL 
6 6  REAL 
8 6  REAL 
8 6  DUP 

106 REAL 
125 REAL 
3 1  REAL 
3 1  DUP 

5REAL 
7REAL 

131 REAL 
2 7  REAL 
4 7  REAL 
6 8  REAL 
8 8  REAL 

TRITlLlM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 

BH40742AE TRITIUM 
TRITIUM 
TRITNM 
TRITIUM 
TRITIUM 

BH40748AE TRITIUM 
TRITIUM 
TRITRN 
TRITIUM 

BH40757AE TRmoM 
TRITIUM 
TRlTRIM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 
TRITIUM 

* Ccdcs are explvned in Table II 3 6 I wl IMwql 
II 3-269 
18 of 27 

34090 V 
57980 X V 
42090 X V 
33180 X V 
14540 V 

V 18020 x 
3860 V 
5842 V 
8680 V 
6778 X V 
4920 X V 
5929 X V 
8141 X V 

13680 V 
13220 V 
5295 X V 

2 1 870 V 
5802 X V 
2417 X V 
6639 X V 
6074 X V 
6668 X V 

2630 
4360 
3210 
2560 
1210 
1460 
477 
606 
805 
668 
539 
609 
764 

1 1 6 0  
1130 
564 

1760 
607 
354 
643 
604 
660 
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TABLE 1 1 3  44 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start End 
Locatton SampleNo Depth Depth QCCode QCPartner Chemical Result Qual* Valid+ Error --- ---- 

40093 BH40170AE 
40193 BH40488AE 
40193 BH40490AE 
40193 BH40495AE 
40293 BH40118AE 
40393 BH40123AE 
40593 BH40128AE 
40593 BH40131AE 
40593 BH40365AE 
40593 BH40400AE 
40793 BH40413AE 
40793 BH40157AE 
40793 BH40160AE 
40793 BH40414AE 
40893 BH40030AE 
40993 BH4020 1 AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
40993 BH40416AE 
41 193 BH40049AE 
41 193 BH40052AE 
41293 BH40196AE 
41593 BH40417AE 
41593 BH40418AE 
41593 BH40419AE 
41 593 BH40424AE 
4 1693 BH402 17AE 
4 1693 BH40220AE 
4 1793 BH40243AE 
4 1793 BH40246AE 
41993 BH40062AE 
41993 BH40065AE 
42093 BH40483AE 
42093 BH40103AE 
42193 BH40425AE 
42193 BH40426AE 
42 193 BH40427AE 
42193 BH40432AE 
42 193 BH40086AE 
42193 BH40091AE 
42 193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH40261AE 
42393 BH40264AE 
42493 BH40438AE 
42493 BH40439AE 
42493 BH40112AE 
42493 BH40440AE 
42493 BH40441AE 
42493 BH40445AE 
42593 BH40446AE 
42593 BH40447AE 
42593 BH40448AE 
42593 BH40449AE 
42593 BH40450AE 
42593 BH40290AE 

6 
0 
6 

18 
0 
0 
0 
6 

12 
18 
0 
0 
6 

8 1  
0 
0 
6 

10 
20 
31 
0 
6 
0 
0 
2 
4 
6 
0 
6 
0 
6 
0 
6 
0 
0 
0 
2 
4 
6 

9 9  
16 
22 

28 3 
0 7  
6 1  

1 1  3 
0 
6 
0 
2 
2 
4 
6 
8 
0 
2 
4 
6 

10 2 
a 

* Codes are explaned in Table I1 3 6- I 
IO2 wal 

8 4  REAL 
6 R E A L  

12 REAL 
24 REAL 
2 9  REAL 

5REAL 
5REAL 

1 1  REAL 
18 REAL 
24 REAL 

5REAL 
5 R E A L  

8 1  REAL 
13 REAL 
7REAL 
6REAL 

10 REAL 
20 REAL 
31 REAL 
35 REAL 
6REAL 
8REAL 

3 3  REAL 
2REAL 
4REAL 
6REAL 

7 9  REAL 
6REAL 

12 REAL 
5REAL 

1 1  REAL 
6REAL 

12 REAL 
6REAL 
6 DUP 
2REAL 
4REAL 
6REAL 

9 9  REAL 
16 REAL 
22 REAL 

283 REAL 
313 REAL 
6 1  REAL 

113 REAL 
129 REAL 

6REAL 
8 1  REAL 

2 REAL 
4REAL 
4 DUP 
6 REAL 
8REAL 

102 REAL 
2 REAL 
4 REAL 
6 REAL 
8 REAL 

102 REAL 
168 REAL 

uRANRlM-233,-23 
URANIUM-233,-23 
URANIUM-233.-23 
URANIUM-233,-23 
URANlUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANllJM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 

BH40157AE URANIUM-233.-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
uRANIuM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233.-23 
URANIUM-233,-23 
URANIUM-233 -23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 

BH40483AE URANIUM-233.-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233.-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233 -23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233 -23 
URANIUM-233,-23 
URANIUM-233,-23 
URANlUM-233,-23 

BH40112AE URANIUM-233 -23 
BH40439AE URANIUM-233,-23 

URANIUM-233,-23 
URANlUM-233,-23 
URANIUM-233 -23 
URANIUM-233,-23 
URANIUM-233 -23 
URANIUM-233 -23 
URANIUM-233,-23 
URANIUM-233 -23 
URANIUM-233 -23 

II 3 269 
I9 of 27 

1 1 1  
0 866 
0 665 

125 
1 8  B 
1 6  B 

091 B 
099 B 
0 8 5  B 
0 95 

1 5  B 
1 3  B 
1 3  B 
1 2  B 

2 7  B 
1 2  B 
2 7  B 
1 9  B 

096 B 
075 B 

1 3  B 
1 3  B 
15 B 
12 B 

8 5  B 
1 8  B 
9 3  B 
3 4  B 
1 9  B 
1 2  B 

1 
0 38 

1538 
1 1  
21 B 
17  B 
1 1  B 

072 B 
099 B 
078 B 
083 B 

1 8  

0 518 

0 8929 
0 9066 
0 9361 

1 6  
0 91 
3 8  B 

0 91 
1 5  B 

097 B 
084 B 

1 B  
1 1  

1 
1 5  B 
1 2  B 
1 2  

084 B 

A 
A 
A 
A 
A 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 
A 
V 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

0 27 
0 198 
0 177 
0 26 
0 48 
0 49 
0 31 
0 39 
0 3  

0 32 
0 19 
0 17 
0 17 
0 16 

0 158 
0 86 
0 5  

0 71 
0 5  

0 39 
0 33 
0 58 
0 4  
2 2  
1 7  
1 4  

0 42 
1 3  

0 63 
0 62 
0 54 
0 22 
0 17 

0 359 
0 24 

3 1  
044 
0 45 
0 23 
0 17 
0 I 5  
0 15 
0 18 

0 331 
0 249 
0 257 
0 38 
0 28 
0 82 
0 36 
0 45 
0 35 

0 3  
0 35 

2 
0 28 
0 36 
0 31 
0 31 
0 16 
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TABLE II.3 44 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start End 
Locat~cm SampleNo Dcpth Depth QCCode QCPartncr Chmucal Result Qual* Valid* Error --- ---_I_ 

42993 BH40094AE 
42993 BH40141AE 
42993 BH40144AE 
43 193 BH40306AE 
43 193 BH40309AE 
43293 BH40041AE 
43293 BH40044AE 
43393 BH40510AE 
43393 BH40511AE 
43393 BH40512AE 
43393 BH40517AE 
43393 BH40324AE 
43493 BH40573AE 
43493 BH403 19AE 
43493 BH40322AE 
43593 BH40180AE 
43693 BH405 18AE 
43693 BH405 19AE 
43693 BH40520AE 
43693 BH40521AE 
43693 BH40522AE 
43693 BH40525AE 
43693 BH40563AE 
43793 BH40332AE 
43793 BH40335AE 
43893 BH40070AE 
43893 BH40073AE 
43993 BH40353AE 
44093 BH40348AE 
44093 BH40351AE 
44193 BH40078AE 
44193 BH40081AE 
44193 BH40429AE 
44193 BH40568AE 
44193 BH40569AE 
44193 BH40570AE 
44193 BH40089AE 
44393 BH40033AE 
44593 BH40001AE 
44593 BH40005AE 
44793 BH40133AE 
44893 BH40188AE 
44893 BH40191AE 
45693 BH40374AE 
45793 BH40557AE 
45893 BH40377AE 
45893 BH40380AE 
45893 BH40382AE 
46193 BH40385AE 
46193 BH40562AE 
46593 BH40700AE 
46593 BH40702AE 
46593 BH40703AE 
46593 BH40705AE 
46593 BH40711AE 
46593 BH40713AE 
46693 BH40715AE 
46693 BH40717AE 
46693 BH40710AE 
46693 BH40726AE 

a 

1 
1 
7 
0 
6 
0 
6 
0 
2 
4 
6 

7 6  
0 5  
0 5  
53 

1 
0 
2 
4 
6 
8 

10 
10 
0 
6 
0 
6 
0 
0 
6 
0 
6 

23 4 
29 4 
35 4 
41 6 
47 6 

0 
0 

6 2  
0 
0 

6 2  
0 
0 
0 
6 

8 7  
0 
0 

0 75 
2 75 
4 75 
6 75 
8 75 
10 7 
0 5  

2 25 
4 6  
6 6  

6 DUP 
6REAL 

10 REAL 
5REAL 

1 1  REAL 
6REAL 

10 REAL 
ZREAL 
4REAL 

5 4  REAL 
7 6  REAL 

126 REAL 
5 3  DUP 
5 3  REAL 

113 REAL. 
6REAL 
2REAL 
4REAL 
6 REAL 
8REAL 

10 REAL 
13 REAL. 
13 DUP 
6REAL 

115 REAL 
6REAL 

12 REAL 
6REAL 
6REAL. 

104 REAL 
6REAL 

12 REAL. 
294  REAL 
354 REAL 
416 REAL 
476 REAL 
502 REAL 

5REAL 
6 2  REAL 

114 REAL 
2 5  REAL 

5REAL 
122 REAL 

6REAL 
4REAL 
6 REAL 

8 7  REAL 
22 REAL 
6REAL 
6 DUP 

275 REAL 
475 REAL 
675 REAL 
875 REAL 
107 REAL 
164 REAL 
225 REAL 
425 REAL 

6 6  REAL 
7 6  REAL 

BH40141AE URANIUM-233.-23 
LJRANWM*233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 

BH40319AE URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233.-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANlUM-233,-23 
URANIUM-233,-23 

BH40563AE URANIUM-233,-23 
BH40525AE URANIUM-233,-23 

URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233.-23 
URANIUM-233 -23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233.-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233 -23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
uRANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233 -23 

BH40562AE URANIUM-233 -23 
BH40385AE URANIUM-233 -23 

URANIUM-233,-23 
URANIUM-233,-23 
uRANIUM-233,-23 
URANIUM-233 -23 
uRANIUM-233,-23 
URANIUM-233 -23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 

1 86 
1 8  

1 1 1  
1 B  
2 B  
1 

0 48 
4 9  B 
2 2  B 

4 B  
2 5  B 

1 B  
0 8643 
09911 
0 9099 

1 8  
5 115 
3 903 
3 404 

2 2  B 
5 4  B 
1 5  B 
1 5  B 
17 B 

1 1  B 
091 B 

1 2  B 
1074 
0 78 

0 5887 
0 502 
0 404 
095 B 
15 B 
2 2  B 
1 7  B 
1 5  B 

067 B 
0 438 
0 242 

0 9501 
1 I5  
105 

1 4  B 
0 5 9  B 

0 9945 
0 8543 

1517 
087 B 

1 3  B 
2 208 

0 5662 
2 343 
1 596 

0 8666 
1 OS5 
14 54 
1472 
2 57 

3 825 

A 
A 
A 
A 
A 
A 
A 
V 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 

A 

A 
A 
A 
A 
A 
A 
A 
V 
A 
A 
A 
A 
A 
V 
A 
A 
A 
A 
V 
V 
A 
Y 
A 
A 
A 
A 
Y 
Y 
A 
A 

0 37 
0 37 
0 23 
0 29 
0 62 

0 3  
0 19 
0 81 
0 57 
0 65 
0 51 
0 34 

0 238 
0 252 
0 252 

0 37 
0 533 
0 421 
0 371 
0 55 

1 1  
0 46 
0 47 
2 4  

0 47 
0 36 
0 38 

0 262 
0 26 

0 189 
0 176 
0 143 
0 31 
054 
0 55 
0 25 
0 22 
0 24 

0 145 
0 107 
0 236 
0 29 
0 24 
0 37 
0 19 

0 142 
0 122 
0 179 
0 31 
0 39 

0 533 
0 179 
0 522 
0 391 
0 236 
0 321 
2 37 

0 358 
0 503 
0 759 

~ wl Codes arc explrncd in Table II 3 6-1 
l o 2  wql 

I1 3-269 
20 of 27 
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TABLE IU44 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start End 
h b o n  SampleNo Depth Depth QCCode QCPartncr Chemcal Result Qual* Valid* Error 

--I__ ---- 
46693 BH40728AE 
46793 BH40729AE 
46793 BH4073 1AE 
46793 BH40732AE 
46793 BH40740AE 
46793 BH40742AE 
46793 BH40823AE 
46893 BH40743AE 
46893 BH40745AE 
46893 BH40746AE 
46893 BH40748AE 
46893 BH40825AE 
46893 BH40749AE 
46893 BH40754AE 
46993 BH40757AE 
46993 BH40830AE 
46993 BH40759AE 
46993 BH40768AE 
46993 BH40770AE 
47093 BH40771AE 
47093 BH40773AE 
47093 BH40774AE 
47093 BH40776AE 

8 6  
0 5  
2 5  
4 5  
6 5  
8 5  
8 5  
0 5  
2 5  
4 6  
6 6  
6 6  
8 6  

11 5 
1 3  
1 3  
33 
5 5  
7 2  
0 7  
2 7  
4 8  
6 8  

148 REAL 
2 5  REAL 
4 5  REAL 
6 5  REAL 
8 5  REAL 

147 REAL 
147 DUP 
2 5  REAL 
4 6  REAL 
6 6  REAL 
8 6  REAL 
8 6  DUP 

106 REAL 
125 REAL 
3 1  REAL 
3 1  DUP 

5REAL 
7REAL 

131 REAL 
2 7  REAL 
4 7  REAL 
6 8  REAL 
8 8  REAL 

URANIUM-233.-23 
URANIUM-233.-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233.-23 

BH40742AE URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233.-23 
URANIUM-233.-23 
URANIUM-233,-23 

BH40748AE URANIUM-233.-23 
URANIUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 

BH40757AE URANIUM-233.-23 
URANIUM-233,-23 
WIUM-233,-23 
URANIUM-233,-23 
URANIUM-233.-23 
URANlUM-233,-23 
URANIUM-233,-23 
URANIUM-233,-23 

Codes are explatncd in Table I1 3 6-1 Jb 1rnwql 
II 3 269 
21 of 27 

1547 
4 933 
1154 
1433 
1 579 
1 445 
0 937 
1026 

0 8734 
0 8201 
2 082 
1 937 
1994 
1048 
13 99 
12 98 
6 053 
10 99 
1113 

0 6156 
0 3624 

1515 
1416 

A 
A 
A 
A 
R 
A 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
A 
A 
V 

0 418 
116 
0 41 
0 38 

0 751 
0 458 
0 315 
0 312 
0 293 
0 255 
0 448 
0 415 
0 482 

0 3  
2 17 
1 93 
1 1 1  
1 76 

0 343 
0 271 
0 198 
0 405 
0 343 

OU4 Pmposed IMllRA EA Dccision Davmeat 
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TABLE IL3 44 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start End 
Locabon SampleNo Depth Depth QCCode QCPartner Chermcal Result Qual* Valid* Error 

--I__ ---- 
40093 BH40170AE 
40193 BH40488AE 
40 193 BH40490AE 
40193 BH40495AE 
40293 BH40118AE 
40393 BH40123AE 
40593 BH40128AE 
40593 BH40131AE 
40593 BH40365AE 
40593 BH40400AE 
40793 BH40157AE 
40793 BH404 13AE 
40793 BH40160AE 
40793 BH40414AE 
40893 BH40030AE 
40993 BH40201AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH40415AE 
40993 BH40416AE 
41193 BH40049AE 
41 193 BH40052AE 
4 1293 BH40 196AE 
41593 BH40417AE 
4 1 593 BH404 1 8AE 
4 1 593 BH404 19AE 
41 593 BH40424AE 
41693 BH40217AE 
41693 BH40220AE 
4 1793 BH40243AE 
4 1793 BH40246AE 
4 1993 BH40062AE 
41993 BH40065AE 
42093 BH40103AE 
42093 BH40483AE 
42 193 BH40425AE 
42193 BH40426AE 
42 193 BH40427AE 
42 193 BH40432AE 
42193 BH40086AE 
42 193 BH4009 1 AE 
42193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH4026 1AE 
42393 BH40264AE 
42493 BH40438AE 
42493 BH40439AE 
42493 BH40112AE 
42493 BH40440AE 
42493 BH40441AE 
42493 BH40445AE 
42593 BH40446AE 
42593 BH40447AE 
42593 BH40448AE 
42593 BH40449AE 
42593 BH40450AE 
42593 BH40290AE 

6 
0 
6 

18 
0 
0 
0 
6 

12 
18 
0 
0 
6 

8 1  
0 
0 
6 

10 
20 
31 
0 
6 
0 
0 
2 
4 
6 
0 
6 
0 
6 
0 
6 
0 
0 
0 
2 
4 
6 

9 9  
16 
22 

28 3 
0 7  
6 1  

1 1  3 
0 
6 
0 
2 
2 
4 
6 

0 
2 
4 
6 
8 

10 2 

a 

Coder arc explained in Table I1 3 6-1 
102 wql 

8 4  REAL 
6REAL 

12 REAL 
24 REAL 
2 9  REAL 

5REAL 
5REAL 

1 1  REAL 
18 REAL 
24 REAL 
5REAL 
5REAL 

8 1  REAL. 
13 REAL 
7REAL 
6REAL 

10 REAL 
20 REAL 
31 REAL 
35 REAL 
6REAL 
8REAL 

3 3  REAL 
2REAL 
4REAL 
6REAL 

7 9  REAL. 
6REAL 

12 REAL 
5REAL 

1 1  REAL 
6REAL 

12 REAL 
6 DUP 
6REAL 
2REAL 
4REAL 
6REAL 

9 9  REAL 
16 REAL 
22 REAL 

283 REAL 
313 REAL 
6 1  REAL 

113 REAL 
129 REAL 

6REAL 
8 1  REAL 

2REAL 
4 REAL 
4 DUP 
6 REAL 
8REAL 

102 REAL 
2 REAL 
4REAL. 
6 REAL 
8 REAL 

102 REAL 
168 REAL 

URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 

BH40157AE URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 

BH40483AE URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 

BH40112AE URANIUM-235 
BH40439AE URANIUM-235 

URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 

II 3 269 
22 of21 

o 0832 
0 023 

0 0329 
0 0741 
0063 J 
0023 U 
0079 J 
0053 U 
0087 J 
0064 BJ 
0065 BJ 
0068 BJ 
0054 BJ 
0058 BJ 

0035 U 
0041 J 
008 J 
013  J 

0094 J 
009  J 

0076 U 
0038 U 

059 B 
0 3  B 

027 BJ 
013 J 
0 39 
013  J 

0069 J 
0041 u 

012 J 
004 u 

0047 U 
00614 J 

087 B 
0 14 BJ 
0 1 8  J 
0 1  BJ 

0059 J 
0023 J 
0021 u 
0049 J 

002 J 
00335 J 
0008 J 
0044 J 
0089 BJ 
029  J 
014 J 

0069 J 
011 J 

0086 J 
0047 J 
026 J 

0044 J 
0075 J 
007 J 

0071 J 
0031 J 

0 0091 

A 
A 
A 
A 
A 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 
V 
A 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

0 0667 
0 0344 
0 0277 
0 0503 
0 076 
0 054 
0 086 
0 088 
0 088 
0 074 
0 032 
0 034 
0 03 
0 03 

0 0315 
0 08 

0 084 
0 098 
0 1 1  
0 1 1  
0 1  

0 14 
0 062 

0 2  
0 14 
0 14 
0 096 
0 15 
0 09 

0 098 
0 096 
0 068 
0 041 
0 048 

0 0616 
0 27 
0 1  

0 16 
0 078 
0 036 
0 024 
0 026 
0 034 

0 0481 
0 0451 
0 027 
0 054 

0 08 
0 17 
0 13 
0 08 
0 1 1  

0 068 
0 16 

0 052 

0 066 
0 064 

0 03 

o 086 

o 068 
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TABLE IL3 4 4  

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

I Locatton SamplcNo 

42993 BH40094AE 
42993 BH40141AE 
42993 BH40144AE 
43193 BH40306AE 
43 193 BH40309AE 
43293 BH40041AE 
43293 BH40044AE 
43393 BH40510AE 
43393 BH40511AE 
43393 BH40512AE 
43393 BH40517AE 
43393 BH40324AE 
43493 BH40573AE 
43493 BH403 19AE 
43493 BH40322AE 
43593 BH40180AE 
43693 BH40518AE 
43693 BH405 I9AE 
43693 BH40520AE 
43693 BH40521AE 
43693 BH40522AE 
43693 BH40563AE 
43693 BH40525AE 
43793 BH40332AE 
43793 BH40335AE 
43893 BH40070AE 
43893 BH40073AE 
43993 BH40353AE 
44093 BH40348AE 
44093 BH40351AE 
44193 BH40078AE 
44 193 BH4008 1 AE 
44193 BH40429AE 
44193 BH40568AE 

I 44193 BH40569AE 
44 193 BH40570AE 
44193 BH40089AE 
44393 BH40033AE 

~ 

44593 BH40001AE 
44593 BH40005AE 
44793 BH40133AE 
44893 BH40188AE 
44893 BH40191AE 
45693 BH40374AE 
45793 BH40557AE 
45893 BH40377AE 
45893 BH40380AE 
45893 BH40382AE 
46193 BH40385AE 
46193 BH40562AE 
46593 BH40700AE 
46593 BH40702AE 
46593 BH40703AE 
46593 BH40705AE 
46593 BH40711AE 

I 

, 

I 

I 

46593 BH40713AE 
46693 BH40715AE 
46693 BH407 17AE 
46693 BH40718AE 
46693 BH40726AE 

Start 
hPth 

1 
1 
7 
0 
6 
0 
6 
0 
2 
4 
6 

7 6  
0 5  
0 5  
5 3  

1 
0 
2 
4 
6 
8 

10 
10 
0 
6 
0 
6 
0 
0 
6 
0 
6 

23 4 
29 4 
35 4 
41 6 
47 6 

0 
0 

6 2  
0 
0 

6 2  
0 
0 
0 
6 

8 7  
0 
0 

0 75 
2 75 
4 75 
6 75 
8 75 
10 7 
0 5  

2 25 
4 6  
6 6  

* Cdcs are explaned in Table I1 3 6-1 
102 wql 

End 
Depth QC W e  QC Partner Chemical -- 

6 DUP BH40141AE URANIUM-235 
6REAL URANIUM-235 

10 REAL URANIUM-235 
5REAL URANIUM-235 

1 1  REAL URANIUM-235 
6REAL URANIUM-235 

10 REAL URANIUM-235 
2REAL URANIUM-235 
4REAL URANIUM-235 

5 4  REAL URANIUM-235 
7 6  REAL URANIUM-235 

126 REAL URANIUM-235 
5 3 DUP BH40319AE URANnIM-235 
5 3  REAL URANIUM-235 

113 REAL URANIUM-235 
6REAL URANIUM-235 
2REAL URANIUM-235 
4REAL URANIUM-235 
6REAL URANIUM-235 
8REAL URANIUM-235 

10 REAL URANIUM-235 
13 DUP BH40525AE URANIUM-235 
13 REAL BH40563AE URANIUM-235 
6REAL URANIUM-235 

115 REAL URANIUM-235 
6REAL URANIUM-235 

12 REAL URANIUM-235 
6REAL URANIUM-235 
6REAL URANIUM-235 

104 REAL URANIUM-235 
6REAL URANIUM-235 

12 REAL URANIUM-235 
294 REAL URANIUM-23 5 
354 REAL URANIUM-235 
416 REAL URANIUM-235 
476 REAL URANIUM-235 
502 REAL URANIUM-235 

5REAL URANIUM-235 
6 2  REAL URANIUM-235 

114 REAL URANIUM-235 
2 5  REAL URANIUM-235 

5REAL URANIUM-235 
122 REAL URANIUM-235 

6 REAL URANIUM-235 
4REAL URANIUM-235 
6REAL URANIUM-235 

8 7  REAL URANIUM-235 
22 REAL URANIUM-235 
6 REAL BH40562AE URANIUM-235 
6 DUP BH40385AE URANIUM-235 

275 REAL URANIUM-235 
475 REAL URANIUM-235 
675 REAL URANIUM-235 
875 REAL URANIUM-235 
107 REAL URANIUM-235 
164 REAL URANIUM-235 
225 REAL URANIUM-235 
425 REAL URANIUM-235 

6 6  REAL URANIUM-235 
7 6  REAL URANIUM-235 

I1 3 269 
23 of 27 

Result Qual* 

0 0499 
0 0954 
0 0465 

-- 

0097 J 
0063 J 
0014 U 
0067 BJ 
0086 BJ 
0085 J 
0 14 BJ 
013  BJ 

0088 BJ 
00353 J 
00629 J 
0 0634 

0 1651 
0 1128 
0 0767 

0 1  BJ 

012 J 
026 J 
021 J 
005 J 
0 54 

-0005 u 
0028 J 
0024 J 

00307 J 
0017 BJ 

00241 J 
0 0913 
-0 0104 

0059 J 
-0023 U 
0044 J 

01 J 
0054 J 
0053 J 

0 0194 
0 0093 

O J  
0 

0 0271 
011 BJ 

0025 J 
0 0293 
00195 J 
0 0564 
0062 J 
0044 BJ 

0 0742 
0 0565 
0044 J 

00276 J 
0 0364 
00288 J 
0 4156 

004 J 
0 1591 
0 1154 

Valid* Error 

A 
A 
A 
A 
A 
A 
A 
V 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 

A 

A 
A 
A 
A 
A 
A 
A 
V 
A 
A 
A 
A 
A 
V 
A 
A 
A 
A 
V 
V 
A 
Y 
A 
A 
A 
A 
Y 
Y 
A 
A 

0 0451 
0 0649 
0 0443 

0 08 
0 09 

0 034 
0 068 
0 07 

0 092 
0 084 
0 092 
0 09 

0 0434 
0 0583 
0 0592 
0 074 
0 044 

0 0356 
0 0297 

0 11 
0 16 
0 16 

0 072 
0 19 

0 001 
0 056 
0 048 

004 
0 034 

0 0357 
0 0733 
0 0208 
0 072 
0 004 
0 062 
0 05 

0 034 
0 066 

0 0276 
0 0186 
0 0321 
0 0342 
0 0315 

0 088 
0 038 

0 0214 
0 0162 
0 0223 
0 076 
0 062 

0 0767 
0 0528 
0 0575 
0 0448 
0 0423 
0 0515 

0 18 
0 0507 

0 112 
0 0909 
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TABLE XU 44 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start End 
Locabon SamplcNo Depth Depth QCCode QCPartner Chcnucal Result Qual* Valid* Emr 

,. 
--- ---__I 

46693 BH40728AE 
46793 BH40729AE 
46793 BH4073 1 AE 
46793 BH40732AE 
46793 BH40740AE 
46793 BH40742AE 
46793 BH40823AE 
46893 BH40743AE 
46893 BH40745AE 
46893 BH40746AE 
46893 BH40825AE 
46893 BH40748AE 
46893 BH40749AE 
46893 BH40754AE 
46993 BH40830AE 
46993 BH40757AE 
46993 BH40759AE 
46993 BH40768AE 
46993 BH40770AE 
47093 BH40771AE 
47093 BH40773AE 
47093 BH40774AE 
47093 BH40776AE 

8 6  
0 5  
2 5  
4 5  
6 5  
8 5  
8 5  
0 5  
2 5  
4 6  
6 6  
6 6  
8 6  

11 5 
1 3  
1 3  
3 3  
5 5  
7 2  
0 7  
2 7  
4 8  
6 8  

148 REAL 
2 5  REAL 
4 5  REAL 
6 5  REAL 
85  REAL 

147 REAL 
147 DUP 
2 5  REAL 
4 6  REAL 
6 6  REAL 
8 6  DUP 
8 6  REAL 

106 REAL 
125 REAL 
3 1  DUP 
3 1  REAL 

5 R E A L  
7REAL 

131 REAL 
2 7  REAL 
4 7  REAL 
6 8  REAL 
a 8  REAL 

URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANNM-235 
URANIUM-235 

BH40742AE URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 

BH40748AE URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 

BH40757AE URANIUM-235 
URANIUM-235 
URANRIM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 

00364 J 
0 3064 
00749 J 
00289 J 

-00051 J 
00977 J 
00532 J 
00314 J 
00384 J 
00283 J 
0 1049 
0 1179 
0 1386 
00316 J 
0 4983 
0 5193 
0 1713 
0 3832 
00118 J 
0019 J 

00235 J 
0 1185 
0019 J 

A 
A 
A 
A 
R 
A 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
A 
A 
V 

0 054 
0 194 

0 0952 
0 0491 
0 0102 
0 103 

0 0718 
0 0509 
0 0547 
0 0439 
0 0763 
0 0864 
0 103 
0 045 
0 174 
0 191 
0 112 
0 164 

0 0399 
0 0505 
0 0471 
0 0969 

004 

Codes am expliuned in Table 11 3 6-1 
102 wql 

I1 3 269 
14 of 17 
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TABLE I1 3 4-4 

Locabon SampleNo 

40093 BH40170AE 
40193 BH40488AE 
40193 BH40490AE 
40193 BH40495AE 
40293 BH40118AE 
40393 BH40123AE 
40593 BH40128AE 
40593 BH40131AE 
40593 BH40365AE 
40593 BH40400AE 
40793 BH404 13AE 
40793 BH40157AE 
40793 BH40160AE 
40793 BH40414AE 
40893 BH40030AE 
40993 BH40201AE 
40993 BH40204AE 
40993 BH40206AE 
40993 BH404 15AE 
40993 BH404 1 6AE 
4 1 193 BH40049AE 
41 193 BH40052AE 
41293 BH40196AE 
4 1 593 BH404 17AE 
41593 BH40418AE 
41593 BH40419AE 
41 593 BH40424AE 
41693 BH40217AE 
4 1693 BH40220AE 
41793 BH40243AE 
41 793 BH40246AE 
41993 BH40062AE 
41 993 BH40065AE 
42093 BH40103AE 
42093 BH40483AE 
42193 BH40425AE 
42 193 BH40426AE 
42193 BH40427AE 
42 193 BH40432AE 
42193 BH40086AE 
42193 BH40091AE 
42193 BH40430AE 
42193 BH40433AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42393 BH40261AE 
42393 BH40264AE 
42493 BH40438AE 
42493 BH40112AE 
42493 BH40439AE 
42493 BH40440AE 
42493 BH40441AE 
42493 BH40445AE 
42593 BH40446AE 
42593 BH40447AE 
42593 BH40448AE 
42593 BH40449AE 
42593 BH40450AE 
42593 BH40290AE 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start 
Depth 

6 
0 
6 

18 
0 
0 
0 
6 

12 
18 
0 
0 
6 

8 1  
0 
0 
6 

10 
20 
31 
0 
6 
0 
0 
2 
4 
6 
0 
6 
0 
6 
0 
6 
0 
0 
0 
2 
4 
6 

9 9  
16 
22 

28 3 
0 7  
6 1  

11 3 
0 
6 
0 
2 
2 
4 
6 
8 
0 
2 
4 
6 
8 

10 2 

Coda are expbncd in Table I1 3 6 I 
102 wq1 

End 
Depth QC Code QC Partner C h d  

-1_1 

8 4  REAL URANIUM-238 
6REAL URANIUM-238 

12 REAL URANIUM-238 
24 REAL URANIUM-238 
2 9  REAL URANIUM-238 

5REAL URANIUM-238 
5REAL URANIUM-238 

11 REAL URANIUM-238 
18 REAL URANIUM-238 
24 REAL URANIUM-238 

5 REAL BH40157AE URANIUM-238 
5REAL URANIUM-238 

8 1  REAL URANIUM-238 
13 REAL URANIUM-238 
7REAL URANIUM-238 
6 REAL URANIUM-238 

10 REAL URANIUM-238 
20 REAL URANIUM-238 
31 REAL URANIUM-238 
35 REAL URANIUM-238 
6REAL URANIUM-238 
8REAL URANIUM-238 

3 3  REAL URANIUM-238 
2REAL URANIUM-238 
4REAL URANIUM-238 
6REAL URANIUM-238 

6REAL URANIUM-238 
12 REAL URANIUM-238 
5REAL URANIUM-238 

11 REAL URANIUM-238 
6REAL URANIUM-238 

12 REAL URANIUM-238 
6 DUP BH40483AE URANIUM-238 
6REAL URANIUM-238 
2REAL URANIUM-238 
4REAL URANIUM-238 
6REAL URANIUM-238 

9 9  REAL URANIUM-238 
16 REAL URANIUM-238 
22 REAL URANIUM-238 

283 REAL URANIUM-238 
313 REAL URANIUM-238 
6 1  REAL URANIUM-238 

113 REAL URANIUM-238 
129 REAL URANIUM-238 

6REAL URANIUM-238 
8 1  REAL URANIUM-238 

2REAL URANIUM-238 
4 DUP BH40439AE URANIUM-238 
4 REAL BH40112AE URANIUM-238 
6 REAL URANIUM-238 
8REAL URANIUM-238 

102 REAL URANIUM-238 
2 REAL URANIUM-238 
4 REAL URANIUM-238 
6 REAL URANIUM-238 
8 REAL URANIUM-238 

102 REAL URANIUM-238 
168 REAL URANIUM-238 

7 9  REAL URANIUM238 

11 3 269 
25 of 27 

Result Qual+ 

1 1  
0 797 
0 738 

1 26 
1 8  B 
1 9  B 
1 4  B 
1 1  B 

046 B 
1 1  B 

1 B  
1 2  B 
1 1  B 
1 3  B 

1 7  B 
087 B 
2 5  B 
2 2  B 
1 1  
0 9  B 
1 1  B 
1 2  B 
8 3  B 
5 7  B 
4 4  B 
1 2  B 
5 1  B 
1 5  B 
1 4  B 

1 B  

0 427 

0 77 
0 52 
0 83 

0 8473 
11 B 
1 1  B 
1 1  B 

093 B 
1 1  B 

1 B  
094 B 

1 1  B 
0 8252 
0 9267 
0 4895 

1 3  B 
1 1  B 
2 1  B 

076 B 
1 3  B 
1 1  B 

068 B 
069 B 
6 9  

0 87 
1 7  
1 3  

0 92 
089 B 

V&d* Emr 

A 
A 
A 
A 
A 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 
V 
A 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

0 26 
0 187 
0 192 
0 26 
0 49 
0 55 
0 39 
0 41 
0 21 
0 34 
0 15 
0 16 
0 15 
0 17 

0 142 
064 
0 42 
0 69 
0 54 
0 43 
0 36 
0 51 
0 37 

1 3  
0 93 
0 8  

0 32 
0 81 
0 36 
0 52 
0 49 
0 18 
0 21 
0 19 

0 245 
1 7  

0 34 
0 46 
0 26 
0 17 
0 18 
0 17 
0 18 

0 315 
0 252 
0 175 
0 34 
0 32 
0 54 
0 29 
044 
0 38 
0 26 
0 28 

1 3  
0 25 
0 38 
0 32 
0 26 
0 17 
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TABLE IL3 44 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start End 
Locabon SampleNo Dcpth Depth QCCodc QCPahcr Chcmrcal Result Qual* Valid* Error 

42993 BH40141AE 
42993 BH40094AE 
42993 BH40144AE 
43 193 BH40306AE 
43 193 BH40309AE 
43293 BH40041AE 
43293 B H 4 W A E  
43393 BH40510AE 
43393 BH40511AE 
43393 BH40512AE 
43393 BH40517AE 
43393 BH40324AE 
43493 BH40573AE 
43493 BH403 19AE 
43493 BH40322AE 
43593 BH40180AE 
43693 BH40518AE 
43693 BH40519AE 
43693 BH40520AE 
43693 BH40521AE 
43693 BH40522AE 
43693 BH40525AE 
43693 BH40563AE 
43793 BH40332AE 
43793 BH40335AE 
43893 BH40070AE 
43893 BH40073AE 
43993 BH40353AE 
44093 BH40348AE 
44093 BH40351AE 
441 93 BH40078AE 
44193 BH40081AE 
44193 BH40429AE 
44193 BH40568AE 
44 1 93 BH40569AE 
44193 BH40570AE 
441 93 BH40089AE 
44393 BH40033AE 
44593 BH40001AE 
44593 BH40005AE 
44793 BH40133AE 
44893 BH40188AE 
44893 BH40191AE 
45693 BH40374AE 
45793 BH40557AE 
45893 BH40377AE 
45893 BH40380AE 
45893 BH40382AE 
46193 BH40562AE 
46193 BH40385AE 
46593 BH40700AE 
46593 BH40702AE 
46593 BH40703AE 
46593 BH40705AE 
46593 BH40711AE 
46593 BH40713AE 
46693 BH40715AE 
46693 BH40717AE 
46693 BH407 18AE 
46693 BH40726AE 

1 
1 
7 
0 
6 
0 
6 
0 
2 
4 
6 

7 6  
0 5  
0 5  
5 3  

1 
0 
2 
4 
6 
8 

10 
10 
0 
6 
0 
6 
0 
0 
6 
0 
6 

23 4 
29 4 
35 4 
41 6 
47 6 

0 
0 

6 2  
0 
0 

6 2  
0 
0 
0 
6 

8 7  
0 
0 

0 75 
2 75 
4 75 
6 75 
8 75 
10 7 
0 5  

2 25 
4 6  
6 6  

* Coda arc explaned in Table 11 3 6-1 
Io2 wql 

6REAL 
6 DUP 

10 REAL 
5REAL 

1 1  REAL 
6REAL 

10 REAL 
2REAL 
4REAL 

5 4  REAL 
7 6  REAL 

126 REAL 
5 3  DUP 
5 3  REAL 

113 REAL 
6REAL 
2REAL 
4REAL 
6REAL 
8REAL 

10 REAL 
13 REAL 
13 DUP 
6REAL 

115 REAL 
6REAL 

12 REAL 
6REAL 
6REAL 

104 REAL 
6REAL 

12 REAL 
294 REAL 
354 REAL 
416 REAL 
476 REAL 
502 REAL 

5REAL 
6 2  REAL 

114 REAL 
2 5  REAL. 

5 R E A L  
122 Rwu, 

6 REAL 
4REAL 
6REAL 

8 7  REAL 
22 REAL 

6 DUP 
6REAL 

275 REAL 
475 REAL 
675 REAL 
875 REAL 
107 REAL 
164 REAL 
225 REAL 
425 REAL 

6 6  REAL 
7 6  REAL 

URANIUM-238 
BH40141AE URANIUM-238 

URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 

BH40319AE URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 

BH40563AE URANIUM-238 
BH40525AE URANIUM238 

URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM238 
URANIUM-238 

BH40385AE URANIUM-238 
BH40562AE URANIUM-238 

URANIUM-238 
URANlUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 

II 3 269 
26 of 27 

0 827 
0 489 
0 768 

1 1  B 
1 7  B 

092 B 
088 B 
4 4  B 
2 3  B 

3 B  
2 2  B 
1 7  B 

0 7812 
0 962 
0 768 

6 266 
3 949 
2 604 

1 2  B 

2 6  B 
4 7  B 
1 4  B 
1 5  B 
5 9  B 

072 B 
1 4  B 

068 B 

083 B 
1083 

0 5625 
0 491 
0 471 

1 4  B 
1 6  B 
1 9  B 

2 B  
1 6  B 

095 B 
0 583 
0 39 

0 9583 
107 
1 08 

0 73 
0 9261 

1051 
1276 

1 4  B 

1 5  B 
1 4  B 

138 
1 4  

1 768 
1 472 
1237 
1273 
5 284 
0 938 
1594 
1968 

A 
A 
A 
A 
A 
A 
A 
V 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 

A 

A 
A 
A 
A 
A 
A 
A 
V 
A 
A 
A 
A 
A 
V 
A 
A 
A 
A 
V 
V 
A 
Y 
A 
A 
A 
A 
Y 
Y 
A 
A 

0 22 
0 157 
0 184 
0 31 
0 56 
0 28 
0 27 
0 74 
0 58 
0 52 
0 47 
0 46 

0 223 
0 248 
0 227 
0 29 

0 643 
0 425 
0 295 
0 62 

1 
0 44 
0 47 
0 94 
0 36 
0 47 
0 28 

0 264 
0 27 

0 185 
0 167 
0 157 

0 39 
0 55 
0 49 
0 27 
0 23 
0 3  

0 169 
0 134 
0 237 
0 28 
0 24 
0 37 
0 22 

0 134 
0 142 
0 156 
0 42 
0 41 

0 387 
0 315 
0 429 
0 371 
0 294 
0 359 
0 984 
0 268 
0 418 
0 466 
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TABLE I1 3 44 

Locabon Sample No 

46693 BH40728AE 
46793 BH40729AE 
46793 BH40731AE 
46793 BH40732AE 
46793 BH40740AE 
46793 BH40742AE 
46793 BH40823AE 
46893 BH40743AE 
46893 BH40745AE 
46893 BH40746AE 
46893 BH4082SAE 
46893 BH40748AE 
46893 BH40749AE 
46893 BH40754AE 
46993 BH40830AE 
46993 BH40757AE 
46993 BH40759AE 
46993 BH40768AE 
46993 BH40770AE 
47093 BH40771AE 
47093 BH40773AE 
47093 BH40774AE 
47093 BH40776AE 

OU4 SUBSURFACE SOIL AND BEDROCK 
RADIONUCLIDE POTENTIAL CONTAMINANTS OF CONCERN 

Start End 
Depth Depth QCCode QCPartner Chermcal Result Quai* Valid* Error 

8 6  148REAL 
0 5  2 5  REAL. 
2 5  45REAL 
4 5  65REAL 
6 5  8 5  REAL 
8 5  147REAL 
8 5  147DUP 
0 5  25REAL 
2 5  46REAL 
4 6  6 6  REAL 
6 6  8 6  DUP 
6 6  8 6  REAL 
8 6  106REAL 

1 1 5  125 REAL 
1 3  3 1  DUP 
1 3  3 1  REAL 
3 3  5REAL 
5 5  7REAL 
7 2  131 REAL 
0 7  27REAL 
2 7  47REAL 
4 8  68REAL 
6 8  8 8  REAL 

URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 

BH40742AE URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 

BH40748AE URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 

BH40757AE URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 

1 59 
2 624 

0 9931 
1233 
1257 
1 546 
1123 

0 9252 
0 7835 

0 78 
1531 
1 578 

1 072 
1 1  48 
1 1  46 
4 725 
9 288 

1 1 5  
0 9419 
0 5164 

1377 
1058 

1786 

A 
A 
A 
A 
R 
A 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
A 
A 
V 

0 425 
0 719 
0 374 
0 344 
0 651 
0 479 
0 352 
0 292 
0 274 
0 247 
0 353 
0 37 

0 447 
0 303 

1 72 
181 

0 903 
1 52 
0 35 

0 347 
0 236 
0 378 
0 284 

* Codes arc explnned in Table 11 3 6-1 
102 wq1 
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TABLE IL3 4-5 

OU4 SUBSURFACE SOIL AND BEDROCK 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

a 

lo 

40093 BH40168AE 
40093 BH40169AE 
40093 BH40171AE 
40193 BH40486AE 
40193 BH40487AE 
40193 BH40489AE 
40193 BH40491AE 
40193 BH40492AE 
40193 BH40494AE 
40193 BH40496AE 
40293 BH40 1 19AE 
40293 BH40120AE 
40393 BH40124AE 
40393 BH40125AE 
40593 BH40098AE 
40593 BH40129AE 
40593 BH40130AE 
40593 BH40132AE 
40593 BH40393AE 
40593 BH40394AE 
40593 BH40399AE 
40693 BH40151AE 
40793 BH40158AE 
40793 BH40159AE 
40793 BH40161AE 
40893 BH40031AE 
40893 BH40032AE 
40893 BH40029AE 
40993 BH40202AE 
40993 BH40203AE 
40993 BH40205AE 
40993 BH40208AE 
41193 BH40050AE 
41193 BH40051AE 
41 193 BH40053AE 
41293 BH40406AE 
41293 BH40197AE 
41293 BH40198AE 
41593 BH40210AE 
41593 BH40211AE 
41593 BH40216AE 
41693 BH40218AE 
41693 BH40219AE 
41693 BH40221AE 
41693 BH40223AE 
41193 BH40244AE 
41793 BH40245AE 
41993 BH40063AE 
41993 BH40064AE 
41993 BH40107AE 
41993 BH40066AE 
42093 BH40484AE 
42093 BH40104AE 
42193 BH40436AE 
42193 BH40437AE 
42193 BH40090AE 
42293 BH40254AE 
42293 BH40255AE 
42293 BH40257AE 
42393 BH40262AE 
42393 BH40263AE 
42393 BH40265AE 
42493 BH40113AE 
42493 BH40283AE 
42493 BH40284AE 
42493 BH40289AE 
42593 BH40291AE 
42593 BH40292AE 
42593 BH40294AE 
42993 BH40095AE 

start End 
Depth DcpthQccodcQcPutncr h u l  --- 

1 3  ISREAL ACETONE 
4 3  4ssREAL ACETONE 
97  99sREAL ACETONE 
11  13REAL ACETONE 
5 1  53REAL ACETONE 
8 5  87REAL ACETONE 

1 2 9  13 1 REAL ACETONE 
1 6 7  1 6 9  REAL ACETONE 
212 2 1 4  REAL ACETONE 
247 2 4 9  REAL ACETONE 

1 6  l 8 R E A L  ACETONE 
5 8  6 REAL ACETONE 
1 7  19REAL ACETONE 
5 8  6 REAL ACETONE 
1 5 1 7 DUP BH40129AE ACETONE 
1 7  19REAL ACETONE 

5 52REAL ACETONE 
9 4  96REAL ACETONE 

13 8 14 REAL ACETONE 
17 8 18 REAL ACETONE 
218 22 REAL ACETONE 

1 4  16REAL ACETONE 
1 3  l 5 R E A L  ACETONE 
5 3  S S R E A L  ACETONE 
9 7  99REAL ACETONE 

055 08REAL ACETONE 
435 46REAL ACETONE 
6 75 7 REAL ACETONE 
135 16REAL ACETONE 
525 5 5  REAL ACETONE 
9 4  96REAL ACETONE 

313 314REAL ACETONE 
135 1 6  REAL ACETONE 
5 5  575REAL ACETONE 

9 7 s  10 1 REAL ACETONE 
1 2 1 4 DUP BH40197AE ACETONE 
1 4  16REAL ACETONE 

6 62REAL ACETONE 
185 2 1  REAL ACETONE 
485 51REAL ACETONE 
745 77REAL ACETONE 
215 2 4  REAL ACETONE 
555  57REAL ACETONE 
965 98REAL ACETONE 
17 1 174 REAL ACETONE 
2 5  27REAL ACETONE 
5 4  S6REAL ACETONE 
1 6  18REAL ACETONE 
5 2  54REAL ACETONE 
9 4  9 6  DUP BH40066AE ACETONE 
9 6  98REAL ACETONE 
1 3  lSREAL ACETONE 
5 7  59REAL ACETONE 
1 8  2 REAL ACETONE 
6 1  63REAL ACETONE 
9 s  97REAL ACETONE 
3 1  39REAL ACETONE 
7 3  75REAL ACETONE 

109 11 1 REAL ACETONE 
1 125 REAL ACETONE 

555 5 8  REAL ACETONE 
10 1 104  REAL ACETONE 
2 2  2 4  DUP BH40283AE ACETONE 
2 4  2 6  REAL BH40113AE ACETONE 
4 7  49REAL ACETONE 
9 8  10 REAL ACETONE 
1 7  19REAL ACETONE 
5 4  56REAL ACETONE 
9 8  10 REAL ACETONE 
1 1  135 DUP BH40143AE ACETONE 

ll3-2al 

Rault umta Qual* Val ---- 
11 UGKG U V 
12 UGKG U V 
61 UGKG U R 
14 UGKG V 
11 UGKG U JA 
15 UGKG U JA 
8UG/KG J A 

35 UGKG V 
34 UGKG U JA 
35 UGKG U JA 
12 UGKG U R 
12 UGKG U R 
12 UGKG U V 
14 UGKG V 
13 UGKG U R 
11 UGKG U R 
11 UGKG U R 
12 UGKG U R 
12 UGKG U R 

JA 48 UGKG 
47 UGKG JA 
13 UGKG U JA 
64 UGKG U V 
12 UGKG U JA 
13 UGKG U JA 

220 UGKG U JA 
21 UGKG U JA 
16 UGKG U JA 
15 UGKG V 
13 UGKG V 
13 UGKG V 

V IS UGKG 
12 UGKG U V 
13 UGKG V 
17 UGKG V 
11 UGKG U V 
56 UGKG U JA 
12 UGKG U JA 
57 UGKG U V 
16 UGKG JA 
12 UGKG U V 
18 UGKG U JA 
29 UGKG U JA 
32 UGKG U JA 
38 UGKG U JA 
10 UGKG U JA 
11 UGKG U JA 
11 UGKG U V 
11 UGKG U V 
11 UGKG U R 
12 UGKG U R 
52 UGKG J A 
35 UGKG V 
24 UGKG U V 
11 UGKG U V 
12 UGKG U V 
17 UGKG JA 
51 UGKG JA 
42 UGKG JA 
12 UGKG U R 
43 UGKG JA 
12 UGKG U V 
31 UGKG U JA 
50 UGKG U JA 
24 UGKG U JA 
31 UGKG U JA 

140 UGKG B V 
140 UGKG B V 
120 UGKG B V 
11 UGKG U R 

-1 
Lunct 

11 
12 
61 
11 
11 
12 
12 
12 
12 
12 
12 
12 
12 
12 
13 
11 
11 
12 
12 
24 
12 
13 
64 
12 
12 
10 
10 
10 
11 
11 
11 
12 
12 
11 
13 
11 
56 
12 
57 
10 
12 
10 
14 
11 
12 
10 
11 
11 
11 
11 
12 
57 
12 
24 
11 
12 
11 
10 
12 
12 
10 
12 
12 
13 
11 
12 
12 
11 
12 
11 



TABLE I U  4-5 

OU4 SUBSURFACE SOIL AND BEDROCK 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

Daat 
Result Umtr Qual* Val Lmt 

42993 BH40143AE 135 
42993 BH40145AE S35 
42993 BH40142AE 935 
42993 BH40147AE 138 
43193 BH40409AE NA 
43193 BH40411AE 1 3  
43193 BH40307AE 1 5  
43193 BH40308AE 5 6 
43293 BH40042AE 225 
43293 BH40043AE 5 15 
43293 BH40045AE 11 1 
43393 BH40325AE 2 
43393 BH40326AE 5 3  
43393 BH40331AE 9 2  
43493 BH40574AE NA 
43493 BH40575AE NA 
43493 BH40320AE 1 9  
43493 BH40321AE 5 3  
43493 BH40323AE 10 1 
43593 BH40181AE 135 
43593 BH40182AE 5 
43593 BH40187AE 975 
43693 BH40341AE 2 7  
43693 BH40342AE 6 3  
43693 BH40344AE 9 3  
43693 BH40347AE 126 
43793 BH40333AE 125 
43793 BH40334AE 525 
43793 BH40336AE 925 
43793 BH40339AE 142 
43893 BH40007AE NA 
43893 BH40071AE 115 
43893 BH40027AE 525 
43893 BH40072AE 5 5 
43893 BH40076AE 9 15 
43893 BH40074AE 1235 
43893 BH40077AE 15 
43993 BH40354AE 1 1  
43993 BH40355AE 5 2  
43993 BH40360AE 17 
44093 BH40349AE 1 3  
44093 BH40350AE 555 
44093 BH40352AE 1455 
44193 BH40079AE 0 3  
44193 BH40080AE 4 3  
44193 BH40082AE 8 4  
44193 BH40084AE 138 
44393 BH40025AE NA 
44393 BH40034AE 1 1  
44393 BH40035AE 5 4  
44393 BH40037AE 9 6  
44593 BH40002AE 0 5  
44593 BH40003AE 5 6  
44593 BH40004AE 9 3  
44593 BH40006AE 13 8 
44793 BH40137AE 1 4  
44793 BH40135AE 4 1  
44893 BH40102AE 1 3  
44893 BH40190AE 155 
44893 BH40189AE 555 
44893 BH40 192AE 7 
44893 BH40195AE 12 
44893 BH40194AE 159 
45693 BH40375AE 105 
45693 BH40376AE 535 
45693 BH40373AE 855 
45793 BH40558AE 125 
45793 BH40560AE 545 
45893 BH40457AE NA 
45893 BH40378AE 2 2  

* Codcs am explnmd in Table II 3 6-1 YIt m w q i  

1 6  REAL 
5 6  REAL 
9 5  REAL 
14 REAL 

RNS 
1 5  DUP 
1 7  REAL 
5 8  REAL 
2 5  REAL 
5 3  REAL 

113 REAL 
2 2  REAL 
5 5  REAL 
9 4  REAL 

RNS 
RNS 

2 1  REAL 
5 5  REAL 

103 REAL 
1 6  REAL 

525 REAL 
10 REAL 

2 9  REAL 
6 5  REAL 
9s  REAL 

128 REAL 
1 4  REAL 
5 5  REAL 
9 4  REAL 

145 REAL 
RNS 

1 3  REAL 
5 5  DUP 

575 REAL 
9 4  REAL 

126 REAL 
1525 REAL 

135 REAL 
545 REAL 

1725 REAL 
1 5  REAL 
5 8  REAL 

148 REAL 
0 5  REAL 
4 5  REAL 
8 6  REAL 
14 REAL 

RNS 
1 3  REAL 
5 6  REAL 
9 8  REAL 
0 7  REAL 
5 8  REAL 
9 5  REAL 
14 REAL 

155 REAL 
435 REAL 
155 DUP 
18 REAL 
5 8  REAL 
7 2  REAL 

122 REAL 
16 1 REAL 
1 3  REAL 
5 6  REAL 
88 REAL 
1 5  REAL 
5 7  REAL 

2 4  REAL 
RNS 

ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 

BH40307AE ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 

BH40320AE ACETONE 
BH40322AE ACETONE 

ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 

BH4OORAE ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 

BH40190AE ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 

II 3-271 

10 UGKG U 
12 UGKG U 
13 UGKG U 
12 UGKG U 
13 UGR. U 
21 UGKG U 
25 UGKG U 
10 UGKG U 
13 UGKG U 
11 UGKG U 
12 UGKG U 
15 UGKG U 
13 UGKG U 
12 UGKG U 
10 UGR. U 
10 UGR. U 
12 UGKG U 

110 UGKG 
84 UGKG 
11 UGKG U 
10 UGKG U 
12 UGKG U 
22 UGKG U 
11 UGKG U 
11 UGKG U 
28 UGKG 
11 UGKG U 
17 UGKG U 
11 UGKG U 
12 UGKG U 
9 UGR. J 

23 UGKG U 
31 UGKG 
17 UGKG U 
11 UGKG U 
15 UGKG U 
61 UGKG U 
72 UGKG 
14 UGKG 
16 UGKG U 
15 UGKG J 
11 UGKG B 
15 UGKG 
56 UGKG U 
31 UGKG U 
11 UGKG U 
12UGKG U 
8 UGR. J 

57 UGKG U 
25 UGKG U 
11 UGKG J 
34 UGKG U 
27 UGKG U 
40 UGKG U 
38 UGKG U 
55 UGKG U 
12 UGKG U 
11 UGKG U 
11 UGKG U 
11 UGKG U 
13 UGKG U 
11 UGKG U 
12 UGKG U 
13 UGKG U 
12 UGKG U 
12 UGKG U 
65 UGKG U 
22 UGKG U 
23 UGR. 
17 UGKG U 

R 
V 
R 
V 
JA 
JA 
JA 
JA 
V 
V 
V 
JA 
V 
V 
V 
V 
V 
V 
V 
R 
R 
R 
JA 
V 
V 
V 
JA 
JA 
JA 
JA 
A 
JA 
V 
JA 
V 
JA 
JA 
V 
V 
JA 
A 
V 
V 
JA 
JA 
V 
JA 
A 
V 
V 
A 
JA 
JA 
JA 
JA 
V 
V 
R 
R 
R 
V 
V 
V 
V 
V 
V 
JA 
JA 
V 
JA 

10 
12 
13 
12 
10 
21 
21 
10 
13 
11 
12 
11 
13 
12 
10 
10 
12 
12 
11 
11 
10 
12 
11 
11 
11 
12 
11 
12 
11 
12 
10 
12 
11 
11 
11 
11 
61 
11 
11 
13 
23 
11 
12 
56 
11 
11 
12 
10 
57 
25 
13 
10 
10 
10 
10 
55 
12 
11 
11 
11 
13 
11 
12 
13 
12 
12 
65 
11 
10 
12 
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TABLE U.3 4-5 

OU4 SUBSURFACE SOIL AND BEDROCK 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

StUt End Demt 
Locatum S.mplcNo Dcpth DcpthQCcodcQCPutaa cbanrcal Result Umtr QUI* Val * L m t  

45893 BH40379AE 
45893 BH40556AE 
45893 BH40381AE 
46193 BH40386AE 
46193 BH40561AE 
46193 BH40387AE 
46293 BH40566AE 
46293 BH40564AE 
46593 BH40701AE 
46593 BH40704AE 
46593 BH40712AE 
46693 BH40716AE 
46693 BH40719AE 
46693 BH40719AE 
46693 BH40727AE 
46793 BH4073OAE 
46793 BH40733AE 
46793 BH40741AE 
46893 BH40744AE 
46893 BH40747AE 
46893 BH40750AE 
46893 BH40755AE 
46993 BH40820AE 
46993 BH40758AE 
46993 BH40769AE 

42193 BH40427AE 
42293 BH40253AE 
42293 BH40256AE 
42293 BH40258AE 
42493 BH40440AE 
42593 BH40448AE 
42593 BH40450AE 
43393 BH40512AE 
43393 BH40324AE 
43493 BH40575AE NA 
43493 BH403 19AE 
43493 BH40573AE 
43493 BH40322AE 
43693 BH40520AE 
43693 BH40563AE 
46593 BH40786AE 
46593 BH40713AE 
46693 BH40792AE 
46693 BH40728AE 
46793 BH40798AE 
46793 BH40742AE 
46893 BH40804AE 
46893 BH40807AE 
46993 BH4081OAE 
46993 BH40770AE 
47093 BH40816AE 

40093 BH40168AE 
40093 BH40169AE 
40093 BH40171AE 
40193 BH40486AE 
40193 BH40487AE 
40193 BH40489AE 
40193 BH40491AE 
40193 BH40492AE 
40 193 BH40494AE 
40 193 BH40496AE 
40293 BH40 1 19AE 
40293 BH40120AE 
40393 BH40124AE 
40393 BH40125AE 
40593 BH40098AE 

5 
5 25 
9 25 

0 4  
0 4  
7 6  
2 4  
2 6  
2 2  

5 75 
9 95 

1 2  
5 75 
5 75 
14 3 
1 25 
5 75 
8 05 
135 
6 15 

10 
11  9 
2 4  

2 65 
6 55 

4 
0 7  
6 1  

11  3 
4 
4 
8 
4 

7 6  

0 5  
0 5  
5 3  

4 
10 

0 75 
10 7 
0 5  
8 6  
0 5  
8 5  
0 5  
6 5  
1 3  
7 2  
0 7  

1 3  
4 3  
9 7  
1 1  
5 1  
8 5  

12 9 
16 7 
21 2 
24 7 

1 6  
5 8  
1 7  
5 8  
1 5  

525 REAL 
5 5  DUP 
9 5  REAL. 
0 6  REAL 
0 6  DUP 
7 8  REAL 
2 6  REAL 
2 8  DUP 

2 4 5  REAL 
6 7 5  REAL 
102  REAL 
145 REAL 

6 REAL 
6 REAL 

146  REAL 
1 5  REAL 

6 REAL 
8 3  REAL 
1 6  REAL 
6 4  REAL 

103 REAL 
1 2 2  REAL 
265  DUP 
29 REAL 
6 8  REAL 

6 REAL 
6 1  REAL 

113 REAL 
129  REAL 

6 REAL 
6 REAL 

102  REAL 
5 4  REAL 

126 REAL 
RNS 

5 3  REAL 
5 3  DUP 

113 REAL 
6 REAL 

13 DUP 
6 7 5  REAL 
164 REAL 
6 6  REAL 

148  REAL 
6 5  REAL 

147 REAL 
6 6  REAL 

115 REAL 
5 REAL 

13 1 REAL 
6 8  REAL 

1 5  REAL 
455  REAL 
9 9 5  REAL 

1 3  REAL 
5 3  REAL 
8 7  REAL 

13 1 REAL 
169  REAL 
2 1 4  REAL 
2 4 9  REAL 
18 REAL 

6 REAL 
1 9  REAL 

6 REAL 
1 7  DUP 

BH40413AE ACETONE 
BH40379AE ACETONE 

ACETONE 
BH40561AE ACETONE 
BH40386AE ACETONE 

ACETONE 
ACETONE 

BH40563AE ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACE;TONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 
ACETONE 

BH40758AE ACETONE 
ACETONE 
ACETONE 

B I S ( 2 - E m ) P W A T  
BIS(2-E-)AT 
BIS(2-ETHYLHEXYL)P"ALAT 
BIS(2-ETHYLJEXYL)P"ALAT 
BIS(2-ET"EXn)AT 
B I S ( 2 - E T " E X n ) P " A L A T  
B I s ( 2 - E T H Y L " L ) P W A T  
BIS(2-ET"EXn)PHTHALAT 
BIS(2-ETHYL"L)AT 

BH40322AE BlS(2-ET"EXYL)P"HALAT 
BIS(2-ET"EXYL)PHTHALAT 

BH403 19AE B I S ( 2 - E T A T  
BIS(2-ET"EXYL)AT 
BIS(2-ET"EXYL)AT 

BH40525AE BIs(2-EnrYLHEXYL)P"ALAT 
BIS(2-E-PHTHALAT 
B I S ( 2 - E T " E X n ) P " A L A T  
BIS(2-ET"EXYL)AT 
BIS(2-E'IWL.HEXYL)P"ALAT 
BIS(2-ETHYLHEXYL)P"HALAT 
B I S ( 2 - E T H Y L H E x n ) P W A T  
BIS(2-E-)AT 
BE( 2 - E T H Y L X B X Y L ) P W A T  
BIS(2-ET"EXn)PHTHALAT 
BlS(2-ETHYLHEXYL)P"ALAT 
BlS(2-ETHYLHEXYL)P"ALAT 

METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 

BH40 1 2 9 s  METHYLENE CHLORIDE 

6OUGKG B 
12UGKG U 
11  UGKG U 
6OUGKG U 
17 UGKG U 
2 3 U G K G  U 
21 UGKG 
12 UGKG U 
11 UGKG U 
11  UGKG U 
12 UGKG U 
65 UGKG 
11 UGKG U 
35 UGKG 
17 UGKG 
13 UGKG U 
12 UGKG U 
12 UGKG U 
37 UGKG 
46 UGKG 
40 UGKG 
12 UGKG U 
1 1  UGKG U 
11  UGKG U 
13 UGKG U 

45 UGKG J 
390UGKG U 
400UGKG U 
400 UGKG U 
38 UGKG J 

360 UGKG U 
380 UGKG U 
360 UGKG U 
390UGKG U 
IO UGL U 

380 UGKG U 
370 UGKG U 
370 UGKG U 

50 UGKG J 
390 UGKG U 
360 UGKG U 
4 6 U G K G  J 

380 UGKG U 
390UGKG U 
370 UGKG U 
390UGKG U 
370 UGKG U 
350 UGKG U 
350 UGKG U 
390UGKG U 
350 UGKG U 

3 UGKG J 

9 UGKG J 
2 UGKG J 
3 UGKG J 
9 UGKG 
7 UGKG 

1 1  UGKG 
16 UGKG 
11  UGKG 

12 UGKG 

2 UGKG J 
1 UGKG J 
6 U G K G  U 
6 UGKG 

30 UGKG 

V 
V 
V 
V 
JA 
JA 
V 
V 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
JA 
JA 
JA 
R 
R 
R 
R 

A 
JA 
JA 
V 
A 
V 
V 
V 
V 
JA 
V 
V 
V 
A 
V 
V 
A 
V 
V 
V 
V 
Y 
Y 
Y 
Y 
Y 

A 
V 
A 
A 
A 
V 
V 
V 
V 
V 
A 
A 
V 
V 
V 

12 
12 
11  
60 
12 
12 
13 
12 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

360 
390 
400 
400 
360 
360 
380 
360 
390 

10 
380 
370 
3 70 
360 
390 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 

6 
6 

30 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 

I1 3 272 
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TABLE II.3 4-5 

OU4 SUBSURFACE SOIL AND BEDROCK 
ORGANIC POTENTIAL. CONTAMINANTS OF CONCERN 

Stut End 
Lochon SuaplcNo Depth DcpthQCCodcQCPufaa chcrmcrl 

40593 BH40129AE 
40593 BH40130AE 
40593 BH40132AE 
40593 BH40393AE 
40593 BH40394AE 
40593 BH40399AE 
40693 BH4015lAE 
40793 BH40158AE 
40793 BH40159AE 
40793 BH40161AE 
40893 BH40031AE 
40893 BH40032AE 
40893 BH40029AE 
40993 BH40202AE 
40993 BH40203AE 
40993 BH40205AE 
40993 BH40208AE 
41 193 BH40050AE 
41193 BH40051AE 
41 193 BH40053AE 
41293 BH40406AE 
41293 BH40197AE 
41293 BH40198AE 
41593 BH40210AE 
41593 BH40211AE 
41593 BH40216AE 
41693 BH40218AE 
41693 BH40219AE 
41693 BH40221AE 
41693 BH40223AE 
41793 BH40244AE 
41793 BH40245AE 
41993 BH40063AE 
41993 BH40064AE 
41993 BH40107AE 
41993 BH40066AE 
42093 BH40484AE 
42093 BH40104AE 
42193 BH40436AE 
42193 BH40437AE 
42193 BH40090AE 

42293 BH40255AE 
42293 BH40257AE 
42393 BH40262AE 
42393 BH40263AE 
42393 BH40265AE 
42493 BH40113AE 
42493 BH40283AE 
42493 BH40284AE 
42493 BH40289AE 
42593 BH40291AE 
42593 BH40292AE 
42593 BH40294AE 
42993 BH40095AE 
42993 BH40143AE 
42993 BH40145AE 
42993 BH40142AE 
42993 BH40147AE 

42293 ~ ~ 4 0 2 5 4 ~ ~  

17  
5 

9 4  
13 8 
17 8 
21 8 

1 4  
1 3  
5 3  
9 7  

0 55 
4 35 
6 75 
13s  
s 25 
9 4  

31 3 
135 
5 5  

9 75 
1 2  
1 4  

6 
1 85 
4 85 
7 45 
2 15 
5 55 
9 65 
17 1 
2 5  
5 4  
1 6  
5 2  
9 4  
9 6  
1 3  
5 7  
1 8  
6 1  
9 5  
3 7  
7 3  

10 9 
1 

5 55 
10 1 
2 2  
2 4  
4 7  
9 8  
1 7  
5 4  
9 8  
1 1  

135 
5 35 
9 35 
13 8 

43193 BH40409AE NA 
43193 BH40411AE 1 3  
43193 BH40307AE 1 5  
43193 BH40308AE 5 6  
43293 BH40042AE 225 
43293 BH40043AE 5 15 
43293 BH40045AE 11 1 
43393 BH4032SAE 2 
43393 BH40326AE 5 3  
43393 BH40331AE 9 2  
43493 BH40575AE NA 

1 9  REAL 
5 2  REAL 
9 6  REAL 
14 REAL 
18 REAL 
22 REAL 
1 6  REAL 
1 5  REAL 
5 5  REAL 
9 9  REAL 
0 8  REAL 
4 6  REAL 

7 REAL 
1 6  REAL 
5 5  REAL 
9 6  REAL 

314 REAL 
1 6  REAL 

575 REAL 
101 REAL 

1 4  DUP 
1 6  REAL 
6 2  REAL 
2 1  REAL 
5 1 REAL 
7 7  REAL 
2 4  REAL 
5 7  REAL 
9 8  REAL 

174 REAL 
2 7  REAL 
5 6  REAL 
1 8  REAL 
5 4  REAL 
9 6  DUP 
9 8  REAL 
I 5  REAL 
5 9  REAL 

2 REAL 
6 3  REAL 
9 7  REAL 
3 9  REAL 
7 5  REAL 

11 1 REAL 
125 REAL 
5 8  REAL 

104 REAL 
2 4  DUF' 
2 6  REAL 
4 9  REAL 
10 REAL 
1 9  REAL 
5 6  REAL 
10 REAL 

1 6  REAL 
5 6  REAL 
9 5  REAL 
14 REAL 

RNS 
1 S DUP 
1 7  REAL 
5 8  REAL 
2 5  REAL 
5 3  REAL 

113 REAL 
2 2  REAL 
5 5  REAL 
9 4  REAL 

135 DUP 

RNS 

METHYLENECHLORIDE 
METHYLENE CHLORIDE 
METHYLENECHLORIDE 
METHYLENECHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENECHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENECHLoRI.DE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 

BH40197AE METHYLENE CHLORIDE 
METHYLENECHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 

BH40066AE METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENECHLORIDE 

BH40283AE METHYLENE CHLORIDE 
BH40113AE METHYLENE CHLORIDE 

METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 

BH40143AE METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 

BH40307AE METHYLENE CHLORIDE 
METHYLENE CHLORlDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 

BH40322AE METHYLENE CHLORIDE 

25 UGKG 
8 UGKG 

17 UGKG 
18 UGKG 
9UGKG J 

19 UGKG 
7 UGKG 

32 UGKG U 
6UGKG U 
6UGKG U 

29UGKG U 
5 UGKG U 
6UGKG U 
3 UGKG J 
1 UGKG J 
6 UGKG U 
6 UGKG U 
6 UGKG U 
5 UGKG U 
7 UGKG 
6 UGKG U 

28 UGKG U 
6UGKG U 

28 UGKG U 
S UGKG U 
2 UGKG J 
8 UGKG 

39 UGKG 
16 UGKG 
20 UGKG 
3 UGKG J 
4 UGKG J 
6 UGKG 
2 UGKG J 
6 UGKG 
5 UGKG J 

29 UGKG U 
6UGACG U 

12 UGKG U 
5 UGKG U 
6UGKG U 
6UGKG U 
5 UGKG U 
6 UGKG U 
7 UGKG 
5 UGKG 
5UGACG J 
7 UGKG 
8 UGKG 
2UGKG J 
7 UGKG 

69 UGKG 
31 UGKG 
65 UGKG 
5 UGKG U 
5 UGKG U 
6UGKG U 
7UGKG U 
9 UGKG 

16 UGR. 
2 UGKG J 

11 UGKG U 
5 UGKG U 
7 UGKG U 
5 UGKG U 
3 UGKG J 
5 UGKG U 
2UGACG J 
3 UGKG J 
5 UGL U 

V 
V 
V 
V 
A 
V 
V 
V 
V 
V 
JA 
JA 
JA 
A 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
V 
V 
V 
V 
A 
A 
V 
A 
V 
A 
V 
V 
V 
V 
V 
JA 
JA 
JA 
V 
V 
A 
V 
V 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
V 
V 
V 
V 
A 
V 
A 
A 
V 

6 
5 
6 
6 

12 
6 
6 

32 
6 
6 
5 
5 
5 
6 
5 
6 
6 
6 
5 
7 
6 

28 
6 

28 
5 
6 
5 
7 
6 
6 
5 
6 
5 
5 
6 
6 

29 
6 

12 
5 
6 
6 
5 
6 
6 
5 
6 
6 
6 
5 
6 
6 
5 
6 
5 
5 
6 
7 
6 
5 

11 
11 
5 
7 
5 
6 
5 
6 
6 
5 

* Coder arc expl imd in Table II 3 6-1 q3' 103wql II  3 zn 
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TABLE IL3 4-5 

OU4 SUBSURFACE Son, AND BEDROCK 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

stut End Detcct 
Loutma SunpicNo Dcpth DcpthQCCodcQCPutaor Chemcal R d t  Umta Qual* Val* Lmt 

43493 BH40574AE NA 
43493 BH40320AE 1 9  
43493 BH40321AE 5 3  
43493 BH40323AE 10 1 
43593 BH40181AE 135  
43593 BH40182AE 5 
43593 BH40187AE 9 7 5  
43693 BH40341AE 2 7  
43693 BH40342AE 6 3  
43693 BH40344AE 9 3  
43693 BH40347AE 126  
43793 BH40333AE 125  
43793 BH40334AE 5 2 5  
43793 BH40336AE 9 2 5  
43793 BH40339AE 1 4 2  
43893 BH40007AE NA 
43893 BH40071AE 115 
43893 BH40027AE 5 2 5  
43893 BH40072AE 5 5  
43893 BH40076AE 9 1 5  
43893 BH40074AE 1235 
43893 BH40077AE 15 
43993 BH40354AE 1 1  
43993 BH40355AE 5 2  
43993 BH40360AE 17 
44093 BH40349AE 1 3  
44093 BH40350AE 5 5 5  
44093 BH40352AE 1455 
44193 BH40079AE 0 3  
44193 BH40080AE 4 3  
44193 BH40082AE 8 4  
44193 BH40084AE 13 8 
44393 BH40025AE NA 
44393 BH40034AE 1 1 
44393 BH40035AE 5 4  
44393 BH40037AE 9 6  
44593 BH40002AE 0 5  
44593 BH40003AE 5 6  
44593 BH40004AE 9 3  
44593 BH40006AE 13 8 
44793 BH40137AE 1 4  
44793 BH40135AE 4 1  
44893 BH40102AE 1 3  
44893 BH40190AE 155 
44893 BH40189AE 5 5 5  
44893 BH40192AE 7 
44893 BH40195AE 12 
44893 BH40194AE 1 5 9  
45693 BH40375AE 105 
45693 BH40376AE 535  
45693 BH40373AE 855 
45793 BH40558AE 125  
45793 BH40560AE 545  
45893 BH40457AE NA 
45893 BH40378AE 2 2  
45893 BH40379AE 5 
45893 BH40556AE 5 2 5  
45893 BH40381AE 9 2 5  
46193 BH40561AE 0 4  
46193 BH40386AE 0 4  
46L93 BH40387AE 7 6  
46293 BH40566AE 2 4  
46293 BH40564AE 2 6  
46593 BH40701AE 2 2  
46593 BH40704AE 5 75 
46593 BH40712AE 9 9 5  
46693 BH40716AE 1 2  
46693 BH40719AE 5 75 
46693 BH40719AE 5 7 5  
46693 BH40727AE 143  

RNS 
2 1  REAL 
5 5  REAL 

103  REAL 
1 6  REAL 

5 2 5  REAL 
10 REAL 

29 REAL 
6 5  REAL 
9 5  REAL 

I 2 8  REAL 
1 4  REAL 
5 5  REAL 
9 4  REAL 

145 REAL 
RNS 

1 3  REAL 
5 5  DUP 

5 7 5  REAL 
9 4  REAL 

1 2 6  REAL 
1525 REAL 
135  REAL 
5 4 5  REAL 

1725 REAL 
1 5  REAL 
5 8  REAL 

1 4 8  REAL 
0 5  REAL 
4 5  REAL 
8 6  REAL 
14 REAL 

1 3  REAL 
5 6  REAL 
9 8  REAL 
0 7  REAL 
5 8  REAL 
9 5  REAL 
14 REAL 

155 REAL 
4 3 5  REAL 
155 DUP 

1 8  REAL 
5 8  REAL 
7 2  REAL 

1 2 2  REAL 
161  REAL 

1 3  REAL 
5 6  REAL 
8 8  REAL 
1 5  REAL 
5 7  REAL 

2 4  REAL 
5 2 5  REAL 

5 5  DUP 
9 5  REAL 
0 6  DUP 
0 6  REAL 
7 8  REAL 
26 REAL 
2 8  DUP 

2 4 5  REAL 
6 7 5  REAL 
102 REAL 
145 REAL 

6 REAL 
6 REAL 

146  REAL 

RNS 

RNS 

BH40320AE METHYLENE CHLORIDE 
M E T H Y L E N E O E  
METHYLENE CHLORIDE 
METHYLENECHLQRIDE 
METHYLENECHLORIDE 
METHYLENE CHLORIDE 
METHYLENECHLORIDE 
METHYLENECHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENECHLORIDE 
METHYLENE CHLORIDE 
METHYLENECHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENECHLORIDE 

BH40072AE METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENECHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENECHLORIDE 
METHYLENE CHLORIDE 
METHYLENECHLORIDE 

BH40190AE METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
M E T " E C H L 0 R I D E  

BH40413AE METHYLENE CHLORIDE 
BH40379AE METHYLENE CHLORIDE 

METHYLENE CHLORDE 
BH40386AE METHYLENE CHLORIDE 
BH40561AE METHYLENE CHLORIDE 

METHYLENE CHL.ORIDE 
METHYLENE CHLORIDE 

BH40563AE METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 

5 UGR. U 
6 UGKG U 
6 U G K G  U 
6 UGKG U 

5 UGKG U 

6 U G K G  U 
5 U G K G  U 
5 UGKG U 
6 U G K G  U 
5 UGKG U 
6 U G K G  U 
5 UGKG U 
1 UGKG J 
5 UGR. U 
7 UGKG 
3 UGKG J 
2 U G K G  J 
6 UGKG J 

10 UGKG 
31 UGKG U 

7 UGKG 
5 UGKG U 
5 UGKG J 

11 UGKG J 
19 UGKG 
12 UGKG 
28 UGKG U 

6 UGKG U 
5 UGKG U 
6 UGKG U 
2 UGR. J 

28 UGKG U 
13 UGKG 
4 U G K G  J 

14 UGKG U 
6 UGKG U 
7 U G K G  U 
7 U G K G  U 

27 UGKG U 
7 UGKG 
2 UGKG J 
5 UGKG J 
3 UGKG J 
9 UGKG 
2 UGKG J 
4 U G K G  J 
7 U G K G  U 
2 UGKG J 
3 UGKG J 

32 UGKG U 
2 UGKG J 
5 UGR. U 

12 UGKG 

25 UGKG 

49 UGKG 
71 UGKG 
59 UGKG 
24 UGKG 

7 UGKG 
30 UGKG U 

5 UGKG J 
6 UGKG U 
6 UGKG U 
5 UGKG U 
6 UGKG U 
6 UGKG U 
6 UGKG U 
6 U G K G  U 
6 UGKG U 
6 U G K G  U 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
V 
V 
A 
A 
A 
V 
V 
V 
V 
A 
A 
V 
V 
JA 
JA 
JA 
JA 
A 
V 
V 
A 
JA 
JA 
JA 
JA 
V 
V 
A 
A 
A 
V 
A 
A 
V 
A 
A 
V 
A 
V 
V 
V 
V 
V 
V 
V 
A 
V 
V 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

5 
6 
6 
6 
6 
5 
6 
6 
5 
5 
6 
5 
6 
5 
6 
5 
6 
5 
6 
6 
5 

31 
6 
5 
7 

12 
6 
6 

28 
6 
5 
6 
5 

28 
12 
6 
5 
5 
5 
5 

27 
6 
6 
6 
6 
6 
6 
6 
7 
6 
6 

32 
6 
5 
6 
6 
6 
5 
6 

30 
6 
6 
6 
5 
5 
5 
5 
5 
5 
5 
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TABLE II.3 4-5 

OU4 SUBSURFACE SOIL AND BEDROCK 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

s m  End DaCct 
h C 8 h I l  S . ~ ~ ~ C N O  Depth DepthQCcod~QCPutncr Chcmrd Rault Umtr Qual* Val* Llrmt --- --I_-I_ 

46793 BH4073OAE 
46793 BH40733AE 
46793 BH40741AE 
46893 BH40744AE 
46893 BH40747AE 
46893 BH40750AE 
46893 BH40755AE 
46993 BH40820AE 
46993 BH40158AE 
46993 BH40769AE 

40093 BH40168AE 
40093 BH40169AE 
40093 BH40171AE 
40193 BH40486AE 
40193 BH40487AE 
40193 BH40489AE 
40193 BH40491AE 
40193 BH40492AE 
40193 BH40494AE 
40193 BH40496AE 
40293 BH40119AE 
40293 BH40120AE 
40393 BH40124AE 
40393 BH40125AE 
40593 BH40098AE 
40593 BH40129AE 
40593 BH40130AE 
40593 BH40132AE 
40593 BH40393AE 
40593 BH40394AE 
40593 BH40399AE 
40693 BH40151AE 
40793 BH40158AE 
40793 BH40159AE 
40793 BH40161AE 
40893 BH40031AE 
40893 BH40032AE 
40893 BH40029AE 
40993 BH40202AE 
40993 BH40203AE 
40993 BH40205AE 
40993 BH40208AE 
41 193 BH40050AE 
41193 BH40051AE 
41 193 BH40053AE 
41293 BH40406AE 
41293 BH40197AE 
41293 BH40198AE 
41593 BH40210AE 
41593 BH40211AE 
41593 BH40216AE 
41693 BH40218AE 
41693 BH40219AE 
41693 BH40221AE 
41693 BH40223AE 
41793 BH40244AE 
41793 BH40245AE 
41993 BH40063AE 
41993 BH40064AE 
41993 BH40107AE 
41993 BH40066AE 
42093 BH40484AE 
42093 BH40104AE 
42193 BH40436AE 
42193 BH40437AE 
42193 BH40090AE 
42293 BH40254AE 
42293 BH40255AE 

Codcs are explaid in Table I1 3 6-1 
103 wql 

1 25 
5 75 
8 05 
135 
6 15 

10 
11 9 
2 4  

2 65 
6 55 

1 3  
4 3  
9 7  
1 1  
5 1  
8 5  

12 9 
16 7 
21 2 
24 7 

1 6  
5 8  
1 7  
5 8  
1 5  
1 7  

5 
9 4  

13 8 
17 8 
21 8 

1 4  
1 3  
5 3  
9 7  

0 55 
4 35 
6 75 
135 
5 25 
9 4  

31 3 
135 
5 5  

9 75 
1 2  
1 4  

6 
185 
4 85 
7 45 
2 15 
5 55 
9 65 
17 1 
2 5  
5 4  
1 6  
5 2  
9 4  
9 6  
1 3  
5 7  
1 8  
6 1  
9 5  
3 7  
7 3  

1 5  REAL 
6 REAL 

8 3  REAL 
1 6  REAL 
6 4  REAL 

103 REAL 
122 REAL 
265 DUP 
2 9  REAL 
6 8  REAL 

1 5  REAL 
455 REAL 
995 REAL 

1 3  REAL 
5 3  REAL 
8 7  REAL 

13 1 REAL 
169 REAL 
214 REAL 
249 REAL 

1 8  REAL 
6 REAL 

1 9  REAL 
6 REAL 

1 7  DUP 
1 9  REAL 
5 2  REAL 
9 6  REAL 
14 REAL 
18 REAL 
22 REAL 
1 6  REAL 
1 5  REAL 
5 5  REAL 
9 9  REAL 
08 REAL 
4 6  REAL 

7 REAL 
1 6  REAL 
5 5  REAL 
9 6  REAL 

314 REAL 
1 6  REAL 

575 REAL 
10 1 REAL 
1 4  DUP 
1 6  REAL 
6 2  REAL 
2 1  REAL 
5 1 REAL 
7 7  REAL 
2 4  REAL 
5 7  REAL 
9 8  REAL 

174 REAL 
2 7  REAL 
5 6  REAL 
1 8  REAL 
5 4  REAL 
9 6  DUP 
9 8  REAL 
1 5  REAL 
5 9  REAL 

2 REAL 
6 3  REAL 
9 7  REAL 
3 9  REAL 
75 REAL 

METHYLENECHLORIDE 
METHYLENE CHLORIDE 
METHYLENECHLORIDE 
M E T " E C H L 0 R I D E  
METHYLENE CHLORIDE 
METHYLENECHLORIDE 
METHYLENE CHLORIDE 

BH40758AE METHYLENE CHLORIDE 
METHYLENE CHLORIDE 
METHYLENE CHLORIDE 

TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 

BH40 129AE TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 

BH40197AE TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 

BH40066AE TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 

I1 3 275 

6 U G K G  U 
6UGKG U 
6UGKG U 
5 UGKG U 
4 U G K G  I 
5 UGKG U 
5 UGKG J 
6UGKG U 
5 UGKG U 
6 U G K G  U 

130 UGKG 
170 UGKG 
330 UGKG 
47 UGKG 

200 UGKG 
150 UGKG 
88 UGKG 

230 UGKG 
103 UGKG 
120 UGKG 
13 UGKG 
56 UGKG 

110 UGKG 
88 UGKG 

140 UGKG 
120 UGKG 
180 UGKG 
160 UGKG 
150 UGKG 
250 UGKG 
110 UGKG 
110 UGKG 

1200 UGKG 
150 UGKG 
54 UGKG 

1100 UGKG 
72 UGKG 

220 UGKG 
130 UGKG 
71 UGKG 
23 UGKG 
17 UGKG 
21 UGKG 
95 UGKG 

180 UGKG 
55 UGKG 

180 UGKG 
100 UGKG 
470 UGKG 
97 UGKG 
46 UGKG 
96 UGKG 

170 UGKG 
89 UGKG 

120 UGKG 
140 UGKG 
89 UGKG 

210 UGKG 
18 UGKG 
47 UGKG 
28 UGKG 

260 UGKG 
200 UGKG 
180 UGKG 
21 UGKG 
76 UGKG 
18 UGKG 
57 UGKG 

Y 
Y 
Y 
V 
A 
V 
A 
V 
V 
V 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
JA 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

6 
6 

30 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
6 
5 
6 
6 

12 
6 
6 

32 
6 
6 
5 
5 
5 
6 
5 
6 
6 
6 
5 
7 
6 

28 
6 

28 
5 
6 
5 
7 
6 
6 
5 
6 
5 
5 
6 
6 

29 
6 

12 
5 
6 
6 
5 
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TABLE II.3 4-5 

OU4 SUBSURFACE SOIL AND BEDROCK 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

S I u t E a d  Dctcct 
h t m n  SunplcNo Depth DapthQCCodcQCPutna charucd R d t  UN~J Qual* Val* L m t  

42293 BH40257AE 109 
42393 BH40262AE 1 
42393 BH40263AE 555 
42393 BH40265AE 10 1 
42493 BH40113AE 2 2  
42493 BH40283AE 2 4  
42493 BH40284AE 4 7  
42493 BH40289AE 9 8  
42593 BH40291AE 1 7  
42593 BH40292AE 5 4  
42593 BH40294AE 9 8  
42993 BH40095AE 1 1 
42993 BH40143AE 135  
42993 BH40145AE 5 3 5  
42993 BH40142AE 9 3 5  
42993 BH40147AE 13 8 
43193 BH40409AE NA 
43193 BH40411AE 1 3  
43193 BH40307AE 1 5 
43193 BH40308AE 5 6 
43293 BH40042AE 2 2 5  
43293 BH40043AE 5 15 
43293 BH40045AE 11 1 
43393 BH40325AE 2 
43393 BH40326AE 5 3  
43393 BH40331AE 9 2  
43493 BH40574AE NA 
43493 BH40575AE NA 
43493 BH40320AE 1 9  
43493 BH40321AE 5 3  
43493 BH40323AE 10 1 
43593 BH40181AE 135 
43593 BH40182AE 5 
43593 BH40187AE 9 7 5  
43693 BH40341AE 2 7  
43693 BH40342AE 6 3  
43693 BH40344AE 9 3  
43693 BH40347AE 126  
43793 BH40333AE 125 
43793 BH40334AE 525  
43793 BH40336AE 9 2 5  
43793 BH40339AE 1 4 2  
43893 BH40007AE NA 
43893 BH40071AE 1 15 
43893 BH40027AE 525  
43893 BH40072AE 5 5 
43893 BH40076AE 9 15 
43893 BH40074AE 1235 
43893 BH40077AE 15 
43993 BH40354AE 1 1  
43993 BH40355AE 5 2  
43993 BH40360AE 17 
44093 BH40349AE 1 3  
44093 BH40350AE 5 55 
44093 BH40352AE 1455 
44193 BH40079AE 0 3  
44193 BH40080AE 4 3  
44193 BH40082AE ' 8 4  
44193 BH40084AE 1 3 8  
44393 BH40025AE NA 
44393 BH40034AE 1 1  
44393 BH40035AE 5 4  
44393 BH40037AE 9 6  
44593 BH40002AE 0 5  
44593 BH40003AE 5 6  
44593 BH40004AE 9 3  
44593 BH40006AE 13 8 
44793 BH40137AE 14 
44793 BH40135AE 4 1 
44893 BH40102AE 1 3  

Codu u e  cxplaicd in Table 11 3 6-1 v33 103wql 

1 1 1  REAL 
125  REAL 
5 8  REAL 

1 0 4  REAL 
2 4  DUP 
2 6  REAL 
4 9  REAL 
10 REAL 
19 REAL 
5 6  REAL 
10 REAL 

1 6  REAL 
5 6  REAL 
9 5  REAL 
14 REAL 

RNS 
1 5  DUP 
1 7  REAL 
5 8  REAL 
2 5  REAL 
5 3  REAL 

113  REAL 
2 2  REAL 
5 5  REAL 
9 4  REAL 

135  DUP 

RNS 
RNS 

2 1  REAL 
5 5  REAL 

103 REAL 
1 6  REAL 

5 2 5  REAL 
10 REAL 

2 9  REAL 
6 5  REAL 
9 5  REAL 

1 2 8  REAL 
1 4  REAL 
5 5  REAL 
9 4  REAL 

145  REAL 
RNS 

1 3  REAL 
5 5  DUP 

575  REAL 
9 4  REAL 

126  REAL 
1525 REAL 

135 REAL 
5 4 5  REAL 

1725 REAL 
1 5  REAL 
58 REAL 

1 4 8  REAL 
05 REAL 
4 5  REAL 
8 6  REAL 
14 REAL 

RNS 
1 3  REAL 
5 6  REAL 
9 8  REAL 
0 7  REAL 
5 8  REAL 
9 5  REAL 
14 REAL 

155 REAL 
4 3 5  REAL 
155 DUP 

TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 

BH40283AE TOLUENE 
BH40 1 13AE TOLUENE 

TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 

BH40143AE TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 

BH40307AE TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 

BH40320AE TOLUENE 
BH40322AE TOLUENE 

TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 

BH40072AE TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 

BH40190AE TOLUENE 

I1 3 276 

93 UGKG 
36 UGKG 
27 UGKG 
39 UGKG 
40 UGKG 

150 UGKG 
12 UGKG 
84 UGKG 

150 UGKG 
56 UGKG 
91 UGKG 
81 UGKG 

68 UGKG 
21 UGKG 

160 UGKG 

390 UGKG 
200 UGKG 

90 UGKG 
18 UGKG 
38 UGKG 
38 UGKG 
86 UGKG 
69 UGKG 

3 UGKG J 

5 U G 5  U 

4 UGKG J 

5 UGR. U 
5 UGR. u 

42 UGKG 
160 UGKG 
120 UGKG 
70 UGKG 
2 UGKG J 

56 UGKG 
7 UGKG 

34 UGKG 
30 UGKG 

120 UGKG 
84 UGKG 

150 UGKG 

92 UGKG 

37 UGKG 
29 UGKG 
21 UGKG 

110 UGKG 
170 UGKG 
130 UGKG 
73 UGKG 
15 UGKG 
73 UGKG 

150 UGKG 
170 UGKG 
140 UGKG 
290 UGKG 
22 UGKG 
33 UGKG 

150 UGKG 

780 UGKG 
300 UGKG 

75 UGKG 
210 UGKG 
62 UGKG 
97 UGKG 

120 UGKG 
670 UGKG 
120 UGKG 
130 UGKG 

4 U G K G  J 

5 UGL. U 

5 UGR. U 

JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
V 
V 
V 
V 
V 
V 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
V 
V 
V 
V 
V 
V 
V 
A 
V 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

6 
6 
5 
6 
6 
6 
5 
6 
6 
5 
6 
5 
5 
6 
7 
6 
5 

11 
11 
5 
7 
5 
6 
5 
6 
6 
5 
5 
6 
6 
6 
6 
5 
6 
6 
5 
5 
6 
5 
6 
5 
6 
5 
6 
5 
6 
6 
5 

31 
6 
5 
7 

12 
6 
6 

28 
6 
5 
6 
5 

28 
12 
6 
5 
5 
5 
5 

27 
6 
6 
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TABLE U3 4 5  

OU4 SUBSURFACE SOIL AND BEDROCK 
ORGANIC POTENTIAL CONTAMINANTS OF CONCERN 

44893 BH4019OAE 155 
44893 BH40189AE 555 
44893 BH40192AE 7 
44893 BH40195AE 12 
44893 BH40194AE 159 
45693 BH40375AE 105 
45693 BH40376AE 535 
45693 BH40373AE 855 
45793 BH40558AE 125 
45793 BH40560AE 545 
45893 BH40457AE NA 
45893 BH40378AE 
45893 BH40379AE 
45893 BH40556AE 
45893 BH40381AE 
46193 BH40386AE 
46193 BH40561AE 
46193 BH40387AE 
46293 BH40566AE 
46293 BH40564AE 
46593 BH40701AE 
46593 BH40704AE 
46593 BH40712AE 
46693 BH40716AE 
46693 BH40719AE 
46693 BH40719AE 
46693 BH40727AE 
46793 BH40730AE 
46793 BH40733AE 
46793 BH40741AE 
46893 BH40744AE 
46893 BH40747AE 
46893 BH40750AE 
46893 BH40755AE 
46993 BH40820AE 
46993 BH40758AE 
46993 BH40769AE 

Codu M explained in Table II 3 6-1 
103 wql 

2 2  
5 

5 25 
9 25 
0 4  
0 4  
7 6  
2 4  
2 6  
2 2  

5 75 
9 95 

1 2  
5 75 
5 75 
14 3 
1 25 
5 75 
8 05 
135 
6 15 

10 
11 9 
2 4  

2 65 
6 55 

1 8  REAL 
5 8  REAL 
7 2  REAL 

122 REAL 
161 REAL 
1 3  REAL 
5 6  REAL 
88 REAL 
1 5  REAL 
5 7  REAL 

2 4  REAL 
525 REAL 

5 5  DUP 
9 5  REAL 
0 6  REAL 
0 6  DUP 
7 8  REAL 
2 6  REAL 
2 8  DUP 

245 REAL 
675 REAL 
102 REAL 
145 REAL 

6 REAL 
6 REAL 

146 REAL 
1 5  REAL 

6 REAL 
8 3  REAL 
1 6  REAL 
6 4  REAL 

103 REAL 
122 REAL 
265 DUP 
2 9  REAL 
6 8  REAL 

RNS 

TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 

BH40413AE TOLUENE 
BH40379AE TOLUENE 

TOLUENE 
BH40561AE TOLUENE 
BH40386AE TOLUENE 

TOLUENE 
TOLUENE 

BH40563AE TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 
TOLUENE 

BH40758AE TOLUENE 
TOLUENE 
TOLUENE 

110 UGKG 
120 UGKG 
130 UGKG 
76 UGKG 
97 UGKG 

120 UGKG 
110 UGKG 
220 UGKG 
450 UGKG 
86 UGKG 

120 UGKG 
48 UGKG 
76 UGKG 
66 UGKG 

360 UGKG 
170 UGKG 
72 UGKG 

160 UGKG 
110 UGKG 

18 UGKG 
66 UGKG 

130 UGKG 
10 UGKG 
21 UGKG 
22 UGKG 
61 UGKG 
39 UGKG 
97 UGKG 

110 UGKG 
57 UGKG 
41 UGKG 
59 UGKG 
30 UGKG 
32 UGKG 
66 UGKG 

5 U G L  U 

5 UGKG U 

V 6 
V 6 
V 6 
V 6 
V 6 
V 7 
V 6 
V 6 
V 32 
V 6 
V 5 
V 6 
V 6 
V 6 
V 5 
V 30 
V 6 
V 6 
V 6 
V 6 
Y 5 
Y 5 
Y 5 
Y 5 
Y 5 
Y 5 
Y 5 
Y 5 
Y 5 
Y 5 
V 5 
V 5 
V 5 
V 5 
V 5 
V 5 
V 5 
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TAB= II.3.5-1 

DESCRIPTION OF LITHOFACIES 

SANDY LITHOFACIES: 
Composition: > -45% sand, < -30% gravel, and C -30% fines (silt and clay) 
USCS classifications: "SW," "SP," "SM," "SC," "GC" divisions 
Name: sand, gravelly sand, clayey sand, silty sand 
Description, depositional mechanism & environment: very well to poorly sorted sands 
Suspended load (water-lam) deposits predommtly deposited by grain flow, scour fill, 
sand wave, and dune (upper and lower flow regrmes) deposits Channel sands, stream 
bed and bar deposits dumg penods of mtermittent or normal stream flow and 
aggradation (sedrmentation) 
Geometry: channel sands, side and mid-stream bars, mmor sheet flood deposits, often 
cut by sandy gravel lithofacies, cut and are laterally associated with Clayey Gravel 
Lithofacies, often contam reworked bedrock 
Average Composition: (for all sedunents classified) 22% gravel, 57% sand, 15% silt, 
6% clay 
Comments: May contam some "mavenck" gravel-poor sedunents with more than 30% 
but less than 45% fines 

SANDY GRAVEL LITHOFACIES: 
Composition: > -45% gravel, < -25% fiies (silt and clay), 049% sand 
USCS classification:"GW," "GP," "GC, " and "GM" divisions 
Name: gravel, sandy gravel, clayey gravel, silty gravel 
Description, depositional mechanism & environment: poorly sorted, clast supported, 
sometunes clean gravel with no m a m  (sieve deposits) Rapidly deposited (storm) 
channel deposits, stream flood and "break-out" deposits, slurry-type debns flows, sheet 
flood deposits Indicates periods of mcreased run-off and sedunentation as noted by great 
lateral and stratigraphrc extent of h s  umt 
Geometry: channel deposits, water-lam debns flows, thalweg channel lag, longitudml 
bars, channel fill, cuts all lithofacies, clean gravel deposits usually rest on or cut sandy 
litho facies 
Average Composition: (for all sedunents classified) 64% gravel, 23% sand, 8% silt, 5% 
clay 
Comments: May also contam sand beds less than 1- foot thck 

104 wpf 
I1 3-278 

OW4 Proposed IMlIRA EA Decision Document 
Ftbruary 10 1995 



TABLE II.3.5-1 (Continued) 

DESCRIPTION OF LITHOFACIES 

CLAYEY-SILTY GRAVEL LITHOFACIES: 
Composition: > -20% and < -50% gravel, > -25% fmes (silt and clay), 045% san~ 
USCS classification: "GC, " "GM, " "SM" and "SC" divisions 
Name: clayey gravel, silty gravel, clayey sand, silty sand 
Description, depositional mechanism & environment: matnx-supported gravel, sands 
with appreciable gravel and fmes Debns flows and bedload transport suggested by poor 
sortmg, large gram-sue range, and general lack of mternal structure or framework 
Presumed to mdicate rapidly deposited sedunent 
Geometry: debris flows, channel fills & plugs, lmguoidtransverse bars, laterally 
associated with the sandy lithofacies, lobate or mcised mto the sandy or clayey & silty 
lithofacies 
Average Composition: (for all sedments classified) 38% gravel, 25% sand, 20% silt, 
17% clay 

CLAYEY & SILTY LITHOFACIES: 
Composition: > -45% fmes (silt and clay), < -45% sand, < -20% gravel 
USCS classXcation: "ML, It "CL, "MH" and "CH" divisions 
Name: clay, silty clay, sandy clay, gravelly clay, silt, gravelly silt, sandy silt, clayey silt 
Description, depositional mechanism & environment: very well to poorly sorted clays 
and silts, often bedded and/or laminated Prunanly suspended load deposition 
Overbank, levee, crevasse-splay , wamg flood and floodplain deposits 
Geometry: generally planar deposits along the margm of channels, often lateral to the 
sandy or sandy gravel lithofacies, always on highs of the surface of deposition, "drape" 
deposit, does not cut any other lithofacies 
Average Composition: (for all sedments classified) 7% gravel, 22% sand, 39% silt, 
32% clay 
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TABLE II.3.5-2 

DESCRIPTION OF CLAYSTONE ENCOUNTERED IN BOREHOLES 

BOREHOl 
NUMBER 

42593 

43393 

43693 

46693 

DESCRIPTION 

Located in the east-central portion of SEP 207-A, encountered silty 
claystone bedrock at 8 0 feet below grade Abundant caliche was 
found at 8 3 feet, from 8 9 to 9 7 feet, at 10 3 and 11 4 feet below 
ground surface The silty claystone also contained a iron-oxide-filled 
fracture at 14 1 feet and manganese-oxide coating on microfractures 
from 12 7 to 15 2 feet below grade Manganese-oxide-coated 
mcrofractures were observed at 0 and 90 degrees from the horizontal 
between 12 7 and 12 9 feet below grade Faint horlzontal beddmg was 
also observed in a sandy siltstone zone from 15 2 to 16 8 feet below 
grade This borehole was advanced to a total depth of 16 8 feet below 
the pond bottom, ground water was not encountered 

Located m the southwestern portion of SEP 207-A, encountered silty 
claystone bedrock at 5 0 feet below grade Abundant caliche was 
observed from 5 0 to 5 5 feet below grade Ironstone concretions were 
observed at 7 7 ,  8 5, and 11 0 feet below grade, and iron oxide 
staimng was found from 5 0 to 11 8 feet below grade This borehole 
was advanced to a total depth of 13 6 feet below the pond bottom, 
ground water was not encountered 

Located m the south-central portion of SEP 207-A, encountered silty 
claystone bedrock with crude homontal bedding at 10 0 feet below 
grade Ironstone concretions were observed between 10 0 and 10 4 
feet below grade A manganese-oxide coating was found on 
mcrofractures between 11 2 and 11 6 feet below grade This borehole 
was advanced to a total depth of 13 0 feet below the pond bottom, 
ground water was not encountered 

Located in the north-central portion of SEP 207-B North, encountered 
claystone bedrock at 6 9 feet below grade A caliche nodule was 
observed in thls claystone at 7 3 feet below grade, an iron oxide 
concretion was also observed at 11 6 feet grade along with a trace of 
manganese staimng from 6 9 to 14 8 feet below grade This borehole 
was advanced to a total depth of 14 8 feet below the pond bottom, 
ground water was not encountered 

104 wpf 
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TABLE II.3.5-2 (Continued) 

DESCRIPTION OF CLAYSTONE ENCOUNTEMD IN BOREHOLE 

46793 

46593 

46993 

46893 

47093 

I 104 wpf 

Located 111 the east-central portion of SEP 207-B North, encountered 
claystone bedrock at 6 5 feet below grade A caliche-filled fracture 
and caliche nodules were observed m the claystone from 6 5 to 10 0 
feet below grade Iron oxide-filled fractures were observed from 12 6 
to 14 4 feet below grade, and manganese oxide-filled fracture was also 
observed at 13 1 feet below grade An umdentified crystallme matenal 
was observed in a fracture from 9 5 to 9 7 feet below grade Th~s 
borehole was advanced to a total depth of 14 7 feet below the pond 
bottom, ground water was not encountered 

Located m the southwestern portion of SEP 207-B North, encountered 
claystone bedrock at 7 8 feet below grade White caliche nodules were 
observed 111 the claystone at 9 2 and 1 1  8 feet below grade Iron oxide 
s tamg on fracture surfaces were observed from 7 8 to 16 4 feet 
below grade This borehole was advanced to a total depth of 16 4 feet 
below the pond bottom, ground water was encountered at 5 7 feet 
below grade 

Located in the northwestern portion of SEP 207-B center, encountered 
claystone bedrock at 5 5 feet below grade This claystone contamed 
caliche nodules from 5 5 to 9 0 feet below grade, iron-oxide 
concretions at 5 9 and 6 3 feet below grade, and manganese-oxide 
s t a m g  from 5 5 to 13 1 feet below grade This borehole was 
advanced to a total depth of 13 1 feet below the pond bottom, ground 
water was not encountered 

Located m the east-central portion of SEP 207-B center, encountered 
claystone bedrock at 1 1  5 feet below grade This claystone is non- 
fnable and contam no visible beddmg This borehole was advanced to 
a total depth of 12 5 feet below the pond bottom, ground water was 
encountered at 9 6 feet below grade 
~~~ ~ ~ ~~ 

Located in the south-central portion of SEP 207-B center, probably did 
not penetrate bedrock due to auger refusal 
recovery from 8 0 to 9 8 feet below ground level Therefore, the 
bedrock contact may be as high as 8 0 feet below ground This 
borehole was advanced to a total depth of 9 8 feet below the pond 
bottom, ground water was observed at a depth of 6 0 feet below grade 

However, there was no 
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TABLE II.3.5-3 

DESCRIPTION OF SILTSTONES ENCOUNTERED IN BOREHOLES 

BOREHOLE 
NUMBER 

41593 

42493 

41193 

41793 

i 104 wpf 

DESCRIPTION 

Located in the north-central portion of SEP 207-A, encountered 
sandy siltstone bedrock at 5 9 feet below grade This sandy 
siltstone contamed abundant caliche-filled fractures and a trace of 
iron-oxide s t a m g  from 5 9 to 7 9 feet below grade This borehole 
was advanced to a total depth of 7 9 feet below the pond bottom, 
ground water was not encountered 

Located 111 the west-central portion of SEP 207-A, encountered a 
sandy siltstone at 8 1 feet below grade Ths sandy siltstone 
contamed caliche-filled vertical fractures, Iron-oxide staimng and a 
trace coatmg of manganese oxide from 8 9 to 10 2 feet below grade 
Between 8 9 and 10 2 feet below grade, the sandy siltstone IS 

mterbedded with silty claystone "his borehole was advanced to a 
total depth of 10 2 feet below the pond bottom, ground water was 
encountered at 7 0 feet below grade 

Located approxunately 60 feet north of the northeastern corner of 
SEP 207-A, encountered clayey siltstone at 7 8 feet below grade 
This clayey siltstone contamed crude horlzontal bedding, some 
manganese oxide staimg, and a trace of Iron-oxide stamng It also 
contamed some thm clay lammations from 1 1  0 to 12 0 feet below 
grade This borehole was advanced to a total depth of 13 6 feet 
below the pond bottom, ground water was not encountered 

Located near the middle of the eastern penmeter of SEP 207-B 
North, encountered a clayey siltstone at approxunately 12 3 feet 
below grade Poor or no recovery precludes any defmtive 
statements about tlus siltstone Tlus borehole was advanced to a 
total depth of 18 0 feet below the pond bottom, ground water was 
encountered at 10 0 feet below grade 
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TABLE II.3.5-4 

DESCRIPTION OF SANDSTONES ENCOUNTERED IN BOREHOLES 

BOREHOLE 
NUMBER 

41993 

42393 

42993 

DESCRIPTION 

Located near the northwestern pemeter of SEP 207-C, encountered 
a hornontally bedded silty sandstone at 7 6 feet below grade This 
non-calcareous fine-gramed, well-sorted sandstone contams some 
frosted, medium-grained quartz sand The silty sandstone contained 
silty claystone lnterbeds from 14 0 to 15 5 feet below grade, and 
exhlbited sparse healed vertical fractures Between 15 5 and 20 0 
feet below grade, a silty claystone with silt- and sand-nch interbeds 
was observed This borehole was advanced to a total depth of 20 0 
feet below the pond bottom and encountered ground water at 7 8 
feet below grade 

Located near the southwestern pemeter of SEP 207-C, encountered 
a silty sandstone at approximately 8 1 feet below grade This 
sandstone is slightly to non-calcareous, very fine- to fine-grained 
and very well- to well-sorted It also contains approxlmately 5 to 10 
percent well-rounded and frosted quartz sand Claystone was 
observed at 14 0 feet below grade Thls borehole was advanced to a 
total depth of 15 1 feet below the pond bottom and encountered 
ground water at 4 3 feet below grade 

Located near the southeastern comer of the pemeter of SEP 207-C, 
penetrated a silty sandstone at 13 3 feet below grade Thls 
sandstone lies below an approxmtely 0 4-foot-thick silty claystone 
at 12 9 feet below grade, which appears to be the top of bedrock 
However, there was no core recovery from 10 0 to 12 9 feet below 
grade Thls sandstone is non-calcareous, very fine- to fine-grained, 
well sorted, and contam a trace of rounded medium to coarse sand 
This sandstone also contained clay clasts The silty sandstone 
graded mto a clayey siltstone at 13 8 feet Since the sandstone was 
only 0 5 feet thick and occurred between claystone strata, it is not 
shown as a subcropplng sandstone on Figure I1 3 5-16 This 
borehole was advanced to a total depth of 18 4 feet below the pond 
bottom and encountered ground water at 10 9 feet below grade 
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TABLE II.3.5-4 (Continued) 

DESCRIPTION OF SANDSTONES ENCOUNTERED IN BOREHOLES 

40993 

42193 

Located along the north-central peruneter of SEP 207-C, 
encountered a silty sandstone with faint honzontal beddmg at 9 7 
feet below grade "Ius sandstone is very fine- to fine-grained, 
moderately- to well-sorted, and contam frosted quartz gram "Ius 
sandstone is 1 8 feet h c k  and lies above a 16-foot mterval of 
mterbedded silty sandstone, clay stone, and sandstone This borehole 
was advanced to a total depth of 34 5 feet below the pond bottom 
and encountered ground water at 26 2 feet below grade 

Located beneath the northwestern portion of SEP 207-A, 
encountered a clayey sandstone from 7 4 to 10 0 feet below the 
pond bottom Th~s clayey sandstone contamed healed caliche-filled 
vertical fractures at 8 5 feet below grade This sandstone is very 
fine- to fme-gramed, well sorted, and contam a trace of rounded 
and frosted medium-grained quartz sand Thin honzontal (npple) 
bedding was observed from 7 4 to 10 0 feet A sandy claystone 
with abundant thm horlzontal lammations was encountered between 
10 0 and 15 4 feet below the pond bottom Claystone with 
interbedded siltstone was encountered from 15 4 to a total depth of 
31 3 feet This claystone contained honzontal laminations from 
15 4 to 20 3 feet below grade The siltstoneklayey siltstone also 
contained lammations between 26 7 and 27 9 feet below the pond 
bottom Geophysical borehole logging was conducted in borehole 
42193 Thls borehole was advanced to a total depth of 31 3 feet 
below the pond bottom 
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TABLE 11.3.6-1 

EXPLANATION OF QUALIFIERS AND CODES IN DATABASE 

VALIDATION QUALIFERS 
A 
B 
E 

Data IS acceptable, with quallficPhon 
Indicates compound was found tn blank and sample 
Assocmted values exceeds calibratwn range, dilute and reanalyze 

J 
JA 
R 
U 
V 
VA 
Y 
Z 
11 

Associated value IS esamated quanaty 
Esamated, acceptable 
Data is rewted 
Analyzed. not detected atlabove method detecaon l m t  
Data IS valdpted 
Dam IS vald. acceptable with qualfiaons 
Data wlll be valhted 
Data wlll not be validated 
Indicates the sample was not validated 

LABORATORY QUALIFIERS 
U 
J 
C 
B 
E 
D 
A TIC suspected aldol-condensaaon product-orgmc 
X 

Undetected, analyzed for but not detected 
Esamated value < sample’s detecaon l m t  
Pesacde where ID confirmed by GCIMS-orgaruc 
Analyte found m blank and sample-orgmc 
Concern exceeds calibmnon range o f  mtrument-orgamc 
Compounds ldentlfied usmg secondary dlluaon factor-orgm 

Lab software flag, entered manually-orgaruc 
* 
* 

Outsde contract requlrcd QC lmts-orgaruc 
Duplicate analysis outsde control hmts-inorgaruc 

N 
W 
S 
+ 
M 
G 

Spiked recovery not withm control lmts-morgmc 
Postdigest spdce outside of control lmt-mrgaruc 
Detemuned by MSA, can’t be with + or W-mrgaruc 
UNKN or MSA comlaaon coef <O 995 for inorganic 
Duplication injecaon precision not met-mrgmc 
Naave analyte <4x spike added-mrgmc 
Interference 
Compound found tn TCLP extract blank and sample 
< method detecaon lmt but > = insrmnment detechon Iimt-inorganic 
No surrogatelmamx spike recovery, extract diluted 
Esamated due to interference-inorgmc 
Estunated, compound off-scale tn both columns-orgaruc 
Results by calibraaon-GRRASP 
Indisanguish isomer m TIC-orgaruc 
Quest ID, mamx mterfer of  columns-orgamc 

SAMPLETYPE 
BH Borehole Sod Sample 
ss Surficd Soll Sample 
PT Pit/Trench Soil Sample 
VE 

SAMPLE QC CODE 
REAL Real 
DUP Duplicate 
RNS Rmate 
SPLT Split 
MS MamxSpdce 
TB Tnp Blank 
FB Field Blank 
MSD Mamx Spike Duplicate 
LR Lab Replica 
GEO Geotechnical Sample 
UNKN Unknown Sample QC Code 
CTRL. Biological Control Sample 
REP Biological Replicate Sample 

Vadose Zone Water Extrachon Sample 
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TABLE II.3.6-2 

SUMMARY OF VALIDATION RESULTS MIR PIIASE I RFURI DATA 

NOTES DATA INCLUDED FROM RFEDS AS OF MARCH 1994 
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TABU II.3.6-3 

e SUMMARY OF VALIDATION REASON CODES REFIZRRJZD TO 
DURING PHASE I RFI/RI DATA VALIDATION 

Reason TUIleS Descriphn 
Code Referenced 

1 953 Holdmg tunes were exceeded 
3 
4 
5 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
21 
27 
28 
30 
31 
32 
35 
36 
40 
41 
42 
43 
45 
48 
49 
51 
52 
53 
54 
59 
60 
61 
62 
69 
77 
78 
79 
83 
85 
88 
89 
90 

33 
21 
224 
203 
135 
86 

1373 
246 
905 
16 
140 
3 
3 

135 
420 
217 
37 
236 
219 
47 
368 
31 
56 
162 
247 
15 1 
334 
1 
2 
93 
4 

2028 
10 
57 
80 
64 
100 
272 
14 
4 

402 
15 
4 

237 
24 
4 

840 
117 

h u a l  &ibrauon correlauon coefficient c 0 995 
Calibrauon verificauon critena were not met 
CRDL check sample recovery criteria were not met 
Analyte values > IDL were found in the blanks 
Negauve bias was indicated in the blanks 
Interference indicat in the ICP Interf Chk Smpl 
Lab Control Sample recovery cnteria were not met 
Duplicate sample precision criteria were not met 
Predigesuon matrix spk crit werent met (+ /- 25 X) 
Prehgesuon matrix spk crit werent met ( c 30 I) 
Postdigesuon matrix spk recov crit were not met 
MSA was required but not performed 
MSA calibrauon correlauon coefficient c 0 995 
Serial diluuon criteria not met 
Documentauon was not provided 
Reagent blanks exceeded MDA 
Recovery critena were not met 
Duplicate analysis was not performed 
Replicate precision criteria were not met 
Replicate analysisi was not performed 
Lab control samples > +/- 3 sigma 
tSIE criteria were not met 
MDA exceeded the RDL 
Orgmcs inrual calibration crit werent met 
Organics cont calibrauon crit werent met 
Surrogates were outside criteria 
Internal standards outside criteria 
Results were not confirmed 
Linear range of instrument was exceeded 
Method blank contaminauon 
Nonverifiable lab results and/or unsubmitted data 
Transcripuon error 
Calculauon error 
Incorrect reported acuvity or MDA 
Blank acuvity exceeded RDL 
Blank recovery criteria were not met 
Replicate recovery criteria were not met 
LCS relauve percent error criteria not met 
Samples not disulled 
Detector efficiency criteria not met 
MDAs were calculated by reviewer 
Result obtained through diluuon 
Sample rslts werent included on Data Sum Table 
Record added by QLI 
Blank corrected results 
Sample analysis was not requested 
Sample result was validated due to re-analysis 
See hardcovy for further exvlanation 99 _ -  

Total 11373 
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TABIX 11.3.6-4 

SUMMARY OF VALIDATION REASON CODES FOR REJECTED DATA 

Reason No. of 
Code TlIlleS Description 

Referend 
5 
8 
10 
13 
14 
18 
21 
27 
30 
31 
32 
35 
36 
40 
41 
42 
43 
45 
52 
62 
69 
78 
99 

2 
23 
1 
16 
2 
27 
3 
7 
8 
1 

69 
3 
1 1  

158 
200 
96 
19 
1 

27 
67 
7 
28 
7 

CRDL check sample recovery cnteria were not met 
Negative bias was indicated in the blanks 
Lab Control Sample recovery criteria were not met 
Predigestion matrix spk crit werent met ( < 30 76) 
Postdigestion matrix spk remv crit were not met 
Documentation was not provided 
Reagent blanks exceeded MDA 
Recovery criteria were not met 
Replicate precision criteria were not met 
Replicate analysis1 was not performed 
Lab control samples > +/- 3 sigma 
tSIE criteria were not met 
MDA exceeded the RDL 
Organics imtial calibration crit werent met 
Orgmcs cont calibration crit werent met 
Surrogates were outside criteria 
Internal standards outside cnteria 
Results were not confirmed 
Transcription error 
LCS relative percent error criteria not met 
Samples not distilled 
MDAs were calculated by reviewer 
See hardcopy for further explanation - -  

Total 783 

I1 3-288 
OU4 Proposed IMlIRA EA Decision Document 

February 10 1995 



el 





4 

Y Y 

L a 
0, 









e 
\4 

U 
Y 

(r a 
b 



B 
d 
r n  

e 









m 
d 2 2 c1 

U U 
5, 5, 2 

8 
3 
m 
n 
U 

B 

8 
:B 
- 2 2  

8 

E 
- 
0 .a 
0 s p 
> 
9 



'g 
9 E 
8 
a 



c- 

B 



TABLE II.3.6-14 

SUMMARY OF VALIDATION CODES FOR HISTORICAL DATA 

Reason Times Description 
Code Referenced 

1 6 Holding times were exceeded 
2 4 Holdmg tunes were grossly exceeded 
5 2 CRDL check sample recovery criteria were not met 
7 
8 7 Negative bias was indicated in the blanks 
9 31 Interference indicat in the ICP Interf Chk Smpl 
10 25 Lab Control Sample recovery cnteria were not met 
1 1  10 Duplicate sample precision criteria were not met 
12 14 Predigestion matrix spk crit werent met (+/- 25%) 
14 3 Postdigestion matrix spk recov cnt were not met 
17 5 Serial dilution criteria not met 
18 41 Documentation was not provided 
21 40 Reagent blanks exceeded MDA 
28 8 Duplicate analysis was not performed 
31 4 Replicate analysisi was not performed 
32 14 Lab control samples > +/- 3 sigma 
36 21 MDA exceeded the RDL 
40 29 Orgmcs initial calibration cnt werent met 
41 37 Orgmcs cont calibration crit werent met 
49 2 Method blank contmnation 
51 46 Nonverifiable lab results and/or unsubnutted data 
52 1 Transcription error 
54 2 Incorrect reported activity or MDA 
56 6 IDL changed due to sigmficant figure discrep 
59 9 Blank activity exceeded RDL 
60 1 Blank recovery cnteria were not met 
61 4 Replicate recovery criteria were not met 
70 3 Resolution criteria not met 
74 12 LCS data not submitted 
76 24 Instrument gain and/or efficiency not submitted 
78 66 MDAs were calculated by reviewer 
84 60 Key fields wrong 
85 27 Record added by QLI 
99 44 See hardcopy for further explanation 

5 Analyte values > IDL were found in the blanks 

Total 613 
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TABLE 11.3.6-15 

SUMMARY OF VALIDATION REASON CODES 
FOR REJECTED HISTORICAL DATA 

Reason No. of Times 
Code Referenced Description 

8 1 Negative bias was indicated 111 the blanks 
9 6 Interference indicat in the ICP Interf Chk Smpl 
28 2 Duplicate analysis was not performed 
32 14 Lab control samples > +/- 3 sigma 
36 9 MDA exceeded the RDL 
40 26 Orgmcs imtial calibration crit werent met 
41 37 Orgmcs cont calibration crit werent met 
51 6 Nonverifiable lab results and/or unsubmitted data 
54 2 Incorrect reported activity or MDA 
56 1 IDL changed due to sigmficant figure discrep 
78 5 MDAs were calculated by reviewer 
84 6 Key fields wrong 
85 8 Record added by QLI 
99 10 See hardcopy for further explanation 

I Total 133 
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TABLE II.3.6-16 

BH 

BH 

BH 

BH 

BH 

BH00008EB DUP 

BH37870005D DUP 

P2183891216D DUP 

SEP04890006D DUP 

SEP06890306D DUP 

BH 

BH 

BH 

BH 

SEP1889BR1218D DUP 

SEP 1989BR1622D DUP 

SEP2189BR2026D DUP 

SEP2689BR0410D DUP 

BH SP0487004D DUP 

DUPLICATE AND AsSOCIATE3 REAL SAMPLES 
HISTORICAL DATA 

I I - 
DUP 

~~~ ~ 

BH00006EB 40191 11 I 18-SEP-91 BH BHoooO8EB 

BH BH37870005D 

BH BH77403891014D 

BH P2183891216D 

BH SEP04890006D 

BH37870005 3787 16-JUL-87 

BH7740389 101 4 P213289 29-AUG-89 

P2183891216 P218389 08-NOV-89 

SEW4890006 €907689 05-MAY -89 

SEP06890306 P207889 0 1-MAY-89 

SEP1789BROlWZ P208989 12-MAY-89 

SEPl889BR12 18 P209089 17-MAY-89 

SEP1989BR1622 P209189 25-MAY -89 

DUP 

DUP 

I SEw6890306D DUP I 
I I 

BH SEPl789BR0003 DUP 

BH SEP1889BR1218D DUP 

BH SEP1989BR1622D DUP 

BH SEP2189BR2026D DUP 

BH SEP2689BR0410D DUP 

BH SPo4870041) DUP 

BH SP1087017D DUP 

BH SP13876DUP DUP 

BH SP1587008D DUP 

SEP2689BR0410 P209889 11-MAY-89 

SPO48704DH sPo487 30-OCT-87 

SP 1087 17DH SP1087 10-NOV-87 

SP138706DH SP1387 06-NOV-87 

12-NOV-87 SPl58708DH SP1587 

II RADIONUCLIDES II 
BH00006EB 

BH37870005 

P2183891216 

SEW4890006 P207689 05-MAY-89 

SEPO6890306 P207889 01-MAY-89 

P208989 12-MAY -89 

17-MAY-89 

P209189 25-MAY-89 

SEP 1789BROOO3 I DUP 
I I 

SEP1789BR0002 

SEPl889BR12 18 

SEP1989BR1622 

I 07-JUN-89 11 SEP2 189BR2026 

1 1 -MAY-89 €209889 

30-OCT-87 

SEP2689BR04 10 

SP048704DH 
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TABLE II.3.6-16 (continued) 

DUPLICATE AND ASSOCIATED REAL SAMPLES 
HISTORICAL DATA 

TYPE CODE DATE 

10-NOV-87 BH SP1087017D DUP SP108717DH SP1087 

BH SP13876DUP DUP SPl387MDH SP1387 WNOV-87 

BH SP1587008D 

SEMJVOLATILES 
I I I I I 

18-SEP-91 BH BH00008EB DUP BHOOOOdEB 40191 

BH BH37870005D DUP BH37870005 3787 16-JUL-87 

VOLATILES II 
BH BH37870005D 

BH BH774038912 14D 

BH P2183891416D 

BH P2191890406D 

BH SEPO4890002D 

BH SEP06890002D 

BH SEP 1889BR0002D 

BH SEP1989BR0002D 

BH SEP2189BR2224D 

BH SEP2289BR12 14 

BH SEP2689BR0002D 

BH SF'O487004D 

120 wpf 

DUP BH37870005 3787 16-JUL-87 

DUP BH7740389 12 14 €213289 29-AUG-89 
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II.4 NATURE AND EXTENT OF CONTAMINATION 

To evaluate the unpact of releases from the SEps on the surface and subsurface 
(mcludmg the vadose zone) envlronments, an evaluation of the nature and extent of 
contammuon was prepared and is discussed m ths section Cleanup activities associated with 
the OU4 Phase I IM/IRA will be conducted based on the extent determination, but the degree 
of soil remediation will be lunited to acceptable nsk levels or background, whichever is 
applicable, rather than to pre-release concentrations Discussion of the nature and extent of 
contamination is lmited to the PCOCs determined as part of the OU4 Phase I IM/IRA EA 
Decision Document (Section I11 2 1 and Appendix I11 B) Both the honzontal and vertical extent 
of contamination was determmed to provide an understanding of the three-dimensional 
distribution of contammints in the surfkial and subsurface soils and bedrock These correlated 
analyses and evaluations considered specific cntena including 

. Data aualitv and useability -- Both OU4 Phase I RFI/RI and historical analytical 
data from previous investigations were evaluated on an empirical basis to 
determine the adequacy of the data for use in assessing the nature and extent of 
contamination 

. Methodolom for data evaluation -- Parameters and procedures to qualify data 
were established, including the consideration of background geochemical and 
radiological data, compansons of recent and histoncal data, and development of 
potential contammnt lists 

. Chemicahhvsical nature of Contaminants -- Based on the comparative analysis 
of histoncal and recent data, categones of chemical compounds were evaluated 
as PCOCs, including metals, semivolatile and volatile organics, radionuclides, 
and other parameters such as rutrate, cyanide, and pesticides/PCBs 
Representative contaminants were selected from these categones based upon their 
presence above background 95% UCLs or above detection limits 

These criteria were incorporated in summanzing the nature and extent of contamination to assess 
the llkellhood that the SEPs were a contaminant source The summary evaluations considered 
variables such as background or pre-existing levels of a chemical constituent in the various 
geologic media, alternate sources (other than the SEPs) of contamination, postulated release 
mechamsms from the SEPs, identification of inconsistent data and analytical results, sampling 
errors, and contammtion of samples by laboratory analyses Through this process, the 
contaminants most ldcely to have originated from the SEPs were identified 

The following sections discuss the data quality and useability (Section I1 4 l), the 
methodology used to develop a representative list of contaminants (Section I1 4 2), background 
geochemical and radiological comparisons (Section I1 4 3), the three-dimensional spatial 
distribution of surficial and subsurface contamination for each analyte group (Section I1 4 4 and 
I1 4 3, and a synopsis of the data presented (Section I1 4 5) 
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11.4.1 Data Quality and Usability 

As discussed m Section II 3 6, Quality Assurance/Quahty Control Results, the surfkial 
soil and subsurface data collected d u n g  the OU4 Phase I RFI/RI have been examined for 
useability and are considered to be adequate for evaluating the nature and extent of 
contamination 

Tentatively identified orgmc compounds and historical data with a qualifier of "U" or 
validation result "R" (see Section II 3 6) were rejected for the purpose of evaluating nature and 
extent of contamination There is little documentation of laboratory analytical procedures and 
QA/QC protocol for some histoncal chemical analyses The histoncal analyses conducted from 
1986 through early 1989 were not carned out in accordance with EPA/QAMS - 005/80 Despite 
this fact, if the hstorical data did not conflict or contradict Phase I WI/RI data, historical data 
was used in the evaluation of nature and extent of contamination to the fullest extent possible 

Because no background data are available, the presence of organic compounds above the 
instrument detection lunits is assumed to be indicative of orgamc compound contamination 
Tables I1 Z-1 and I1 2-2 m Appendix I1 Z list the PCOCs (including all organic compound 
detections) detected above the 95% UCL or detection lunit for surficial and borehole soils, 
respectively The 95 % UCL was developed from the WETS background soil geochemical data 
The detection lunits reported in the database vary, and may represent the contract-required 
quantification lunit (CRQL), the instrument detection lunit (IDL), or the method detection limit 
(MDL) Uncertainties regarding which detection lunit is being applied necessitated the exclusive 
use of data above thls h i t  for purposes of evaluating the nature and extent of organic compound 
contamination 

0 
Furthermore, environmental sample analytical results are sensitive to subsequent organic 

compound contamination (more so than in the case of metals and radionuclides) through routine 
sampling and analytical procedures finsate and blank sample results allow identification of 
suspect contaminants, however, m a t e  and blank results are not available for every sample 
Use of orgamc compound results below the detection lunit, or those results whose validity could 
be challenged, results in a shotgun-type dispersion of sample locations and does little to clarify 
the extent of contammtion However, for completeness, all Phase I WI/RI organic compound 
results, including those estunated concentrations (those flagged with a "J") below the detection 
limit are presented and discussed in Sections I1 3 1, 11 3 2, and I1 3 4 

11.4.2 Methodology for Data Evaluation 

Historical and Phase I RFI/RI activities have generated volumes of analytical data for 
metals, radionuclides, inorganic and orgamc compounds All of the usable data, as described 
in Section I1 3 6, Quality Assurance/Quality Control Results, have been assessed to determine 
which analytes are probable contaminants at OU4 The result of this data evaluation is a 
statistically sound and representative identification of potential contaminants of concern at OU4 
This statistical assessment compared analyte concentrations from historical and Phase I RFI/RI 
samples to background analyte levels naturally present in alluvial and bedrock materials @ 
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Elevated analyte ConcentraQons were also compared to the histoncal SEP liquid and sludge 
analyses to determme if the presence of these matenals is related to previous SEP operations 

For a complete evaluation of unsaturated matenals, the vadose zone appraised for nature 
and extent mcludes all portions of the subsurface that are unsaturated for any penod of tune, or 
all soil, alluvium, and bedrock above the hlstoncal low ground water level This includes the 
uppermost portion of the UHSU that lies between the histoncal low and high ground water level 
that is seasonally saturated This vanably saturated zone averages between one and three feet 
m thickness across the OU4 pedunent, but thickens along the slope north of the SEPs and east 
of SEP 207-B South The maxmum thickness of the zone of water table fluctuation east of SEP 
207-B south, 8 05 feet, was recorded at well P209789, the maxmum thickness north of the 
SEPs, 9 45 feet, was recorded North of SEP 207-A at well 46293 This unsaturated evaluation 
is necessary to identify the spatial distnbution of contaminants in the vadose zone 

The sampling strategy established in the OU4 Phase I RFI/RI Work Plan specified six- 
foot composite samples in boreholes located outside of the SEPs and two foot composite samples 
from boreholes dnlled through the SEPs The sample intervals precluded attempts to positively 
correlate the presence or absence of contamination with specific geologic media Specifically, 
a sut-foot composite sample often mcluded more than one alluvial lithofacies, or included vadose 
and saturated materials Therefore, the contammnt distnbution discussions in Sections I1 4 4 
and I1 4 5 do not relate contaminant Occurrence to geologic or hydrogeologic features, but focus 
on the lateral and vertical extent of contaminants in both the unsaturated and saturated strata 

11.4.3 Background Comparison 

Phase I RFI/RI and histoncal OU4 data were compared to available surficial and vadose 
zone soil data outside of OU4 to evaluate the nature and extent of contamination at OU4 The 
Phase I RFI/RI surficial soil data for inorgamc compounds and radionuclides were compared to 
data from the Rock Creek surficial soil background study conducted by DOE as part of the site- 
wide background data evaluation The Phase I RFI/RI and historical subsurface soil data were 
compared to background data for the RFA that were identified in the Background Geochemical 
Characteruation Report (EG&G, 1993) Data from these two studies were considered to be the 
most acceptable soil data for compmson to OU4 soils 

To evaluate the nature and extent of inorgamc and radionuclide contamination in surficial 
soils and the subsurface, a background 95% UCL value for each analyte was calculated The 
95% UCL value was used to separate the OU4 analytical data set into naturally-occui-ring 
constituents and probable contaminants Analytical results for a sample above the 95% UCL 
indicated that sample was collected from a probable contaminated area or hot spot The method 
used to determine the UCL depended upon the sample population distribution (I e , normal, log 
normal, or non-parametric distribution), a complete discussion on the 95 % UCL calculation is 
found in Appendix I11 A 

Tables I1 4 3-1 and I1 4 3-2 list the potential contaminants of concern for surfkial and 
subsurface materials respectively, for the Phase I RFI/RI and their associated background 95% 
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UCL values A summary of the analytrcal results for surficial and subsurface samples above 
95% UCL is presented in Appendlx I1 2 e 
II.4.4 Nature and Extent of Surficial Soil Contamination 

Laboratory analytical results for surfkial soils that were determined to be usable from 
the Phase I RFI/RI provided the basis for evaluatmg the nature and extent of surficial soil 
contammation withm OU4 There are no historical surfkial soil analytical data from OU4 The 
principal contaminants mapped at OU4 were selected from the PCOC list presented in Table 
I1 4 3-1 Some of the PCOCs appeared to be naturally-occurring soil constituents, such as 
silicon, were not mapped Potential sources of the PCOCs are also suggested in the following 
summanes based on the observed distributions 

Mapping the contaminant concentraQon data set identified potentially contaminated areas 
or hot spots Figure I1 2-12 shows the locations where surfkial soil samples were collected 
Figures I1 4 4-1 through I1 4 4-28 show the distnbution of the PCOCs in surficial soils at OU4 

11.4.4.1 Metals 

The metal PCOCs are beryllium, cadmium, calcium, mercury, silver, and sodium These 
metals were detected above the background 95% UCL levels in OU4 suficial soils and are 
considered to represent potential contaminants 

0 Bervllium 

Beryllium was detected in twelve surficial soil samples above the background 95 % UCL 
of 0 92 mg/kg The surficial distnbution of beryllium is restncted primanly to the soils on the 
north, northeast, east, southeast, and southwest berms of SEP 207-A The highest concentration 
of 9 6 mg/kg, was reported from the northeastern berm of SEP 207-A at sampling location 
SS402893 The surficial soils on the eastern berm of SEP 207-B north also contain elevated 
levels of beryllium The locations and analytical results of surficial soil samples contaimng 
elevated levels of beryllium are shown on Figure I1 4 4-1 

Based on the distribution of the beryllium around SEPs 207-A and 207-B North, the 
source of beryllium contamination is llkely to have been from SEP liquids which were 
transported via aerosol dispersion during periods of high wind or via overtopping of the SEPs 
Historical analyses of SEP 207-A sludges and liquids indicate the presence of beryllium at 
concentrations in excess of 1,OOO ppm (1,OOO mg/kg) 

Cadmium 

Cadmium was detected in concentrations above the background 95% UCL value of 0 64 
mg/kg in 38 surficial soil samples at concentrations ranging from 1 3 to 382 mg/kg The highest 
concentration was detected at location SS403093 north of the berm between SEPs 207-A and 
207-B North This location corresponds with the outfall of a drainage tile installed between SEP 
207-A and the 207-B SEPs Elevated surficial cadmium concentrations were also detected along 0 
35 wof OU4 Prowsed IM/IRA EA Decision Document 

I1 4-4 February 10 1995 



the southwestern berm of SEP 207-A at location SS402793 (356 mg/kg), and on the northeastern 
berm of S P  207-A at location SS402893 (194 mg/kg) The majonty of elevated concentrations 
were on berm areas mediately adjacent to the SEPs 0 

LocaQons showrng low concentrations of cadmium included the "bone yard, an area east 
of the 207-B SEPs that was hstoncally used for storage of discarded matenals and equipment 
(borehole/location 41893 and 43293), and areas north of the SEPs near seep areas The 
locations and analytical results of surficial soil samples and postulated adjacent areas contaimng 
elevated levels of cadmium are shown on Figure I1 4 4-2 

The cadmium levels observed in the surficial soil samples may have been derived from 
aerosol dispersion of SEP liquids or overtopping of the SEPs The surficial soil cadmium 
concentrations are comparable to histoncal concentrations of cadmium detected in the SEP 
liquids and sludges 

Calcium 

Calcium was detected in concentrations above the background 95% UCL value of 
8,282 95 mg/kg in 40 surficial soil samples The highest concentration, 248,000 mg/kg, was 
detected at location SS403093 north of the berm between SEPs 207-A and 207-B North This 
location corresponds with the outfall of a drainage tile installed between SEPs 207-A and the 
207-B SEPs Elevated levels of calcium were also present along the berm between SEPs 207-B 
center and 207-B south, an area southeast of SEP 207-B south that includes the sludge drying 
staging area, and the southeastern berms of SEP 207-B south The locations and analytical 
results of surficial soil samples contaimng elevated levels of calcium are shown on 
Figure I1 4 4-3 

a 
The calcium levels observed in the surficial soil samples may have been derived from 

aerosol dispersion of SEP liquids, the effluent from the drainage tile installed between SEPs 207- 
A and 207-B, spills or releases associated with sludge drying staging area, SEP overtopping, or 
from SEP liquids which leaked into the subsurface and re-emerged at seep areas north of the 
SEPs 

Mercurv 

Mercury was detected in concentrations above the background 95% UCL value of 0 03 
mg/kg in 22 surficial soil samples The highest detected concentrations were located on the 
southwestern berm of SEP 207-A at location SS402793 (1 8 mg/kg), and at the drainage tile 
outfall at location SS403093 (1 7 mg/kg) Elevated levels of mercury were also present along 
the northern and eastern berms of SEP 207-A, the eastern berm of SEP 207-B center, and in the 
bone yard The locations and analytical results of surficial soil samples containing elevated 
levels of mercury are shown on Figure I1 4 4-4 

The mercury levels observed in the surficial soil samples may have been derived from 
aerosol dispersion of SEP liquids, the effluent from the drainage tile installed between SEPs 
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207-A and 207-B, SEP overtoppmg, or from SEP liquids whch leaked into the subsurface and 
re-emerged at seep areas north of the SEPs 

Silver 
0 

Silver was detected m sm surficial soil samples above the background 95% UCL value 
of 0 58 mg/kg The surficial distnbution of silver is restncted to the soils on the northeast, east, 
and southwest berms of SEP 207-A, the east berm of SEP 207-B Center (one detection), south 
of OU4 (one detection), and the northern berm of SEP 207-C The highest concentration of 3 6 
mg/kg, was reported from the northern berm of SEP 207-C at boreholehcation 40993 The 
locations and analytical results of surficial soil samples and postulated adjacent areas containing 
elevated levels of silver are shown on Figure I1 4 4-5 

Based on the distnbution of the silver around SEPs 207-A and 207-C, the source of silver 
contammation is possibly from aerosol dispersion, as discussed in the case of beryllium 

Sodium 

Sodium was detected in concentrations above the background 95% UCL value of 165 4 
mg/kg m 13 surficial soil samples The highest concentration, 2,440 mg/kg, was detected at 
location SS403193 north of the outfall of a drainage tile installed between SEPs 207-A and the 
207-B SEPs Elevated levels of sodium were also present in the seep area northwest of SEP 
207-A, areas northeast and southeast of SEP 207-C that includes the industrial area northeast of 
building 779 The locations and analytical results of surficial soil samples contaimng elevated 
levels of sodium are shown on Figure I1 4 4-6 0 

The sodium levels observed in the surficial soil samples may have been derived from the 
effluent from the drainage tile installed between SEPs 207-A and 207-B, spills or leaks around 
207-C, SEP overlapping, or from SEP liquids which leaked into the subsurface and re-emerged 
at seep areas north of the SEPs 207-C and 207-A 

11.4.4.2 Organic Compounds 

Semivolatile orgmc compounds (SVOCs) were found in surficial soil samples collected 
during the Phase I RFI/RI The PCOC semivolatile orgamc contaminants detected include 
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(ghi)perylene, 
benzo(k)fluoranthene, chrysene, fluoranthene, phenanthrene, pyrene, indeno( lY2,3-cd)pyrene, 
bis(2-ethylhexyl)phthalate, and di-n-butyl phthalate 

These compounds are prmarily fused polycyclic aromatic hydrocarbons Other minor 
surficial SVOC analytes detected are plasticizers (phthalates) Appendix I1 2 presents the results 
of the orgamc analytes detected Table I1 2-1 lists the samples containing organic compounds 
above the detection limit In general, none of these organic compounds are thought to originate 
from the OU4 waste stream, but may originate from asphalt particles, diesel or fuel oil releases, 
incomplete combustion products, or other similar sources 0 
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Benzo(a)anthracene 

Benzo(a)anthracene was found at SIX locations exceeding the detection lmit These 
locations mclude the mdustnal area west of OU4 near buildmg 774 (four detections), the 
southwest berm of SEP 207-A (one detection), and east of OU4 in the bone yard at 
borehole/location 43293 (one detection) The locahons and analytical results of surficial soil 
samples and postulated adjacent areas contaimng elevated levels of benzo(a)anthracene are shown 
on Figure I1 4 4-7 This analyte is a fused polycyclic aromatic hydrocarbon that is associated 
with asphalt and other operations involving coal tars 

I 

Benzo(a)Dvrene 

Benzo(a)pyrene was found at eight locations exceeding the detection limit These 
locations include the industnal area west of OU4 near building 774 (four detections), the seep 
area north of SEP 207-A (two detections), the southwest berm of SEP 207-A (one detection), 
and east of OU4 in the bone yard at boreholellocation 43293 (one detection) The locations and 
analytical results of surficial soil samples and postulated adjacent areas containing elevated levels 
of benzo(a)pyrene are shown on Figure I1 4 4-8 This analyte is a fused polycyclic aromatic 
hydrocarbon that is associated with asphalt and other operations involving coal tars 

Benzo(b) fluoranthene 

Benzo(b)fluoranthene was found within 11 areas (15 locations total) exceeding the 
detection lmit These areas include the industnal area west of OU4 near building 774 and on 
the west berm of SEP 207-C (five detections), the north berm of SEP 207-C (one detection), the 
seep area north of SEP 207-A (five detections), the southwest berm of SEP 207-A (one 
detection), the east berm of SEP 207B Center (one detection), south of OU4 (one detection), and 
east of OU4 in the bone yard at borehole/location 43293 (one detection) The locations and 
analytical results of surficial soil samples and postulated adjacent areas containing elevated levels 
of benzo(b)fluoranthene are shown on Figure I1 4 4-9 This analyte is a fused poIycyclic 
aromatic hydrocarbon that is associated with asphalt and other operations involving coal tars 

Benzo(gh1)perylene was found at four locations exceeding the detection lmit These 
locations include the industrial area west of OU4 near buildmg 774 (three detections) and east 
of OU4 in the bone yard at borehole/location 43293 (one detection) The locations and 
analytical results of suficial soil samples and postulated adjacent areas containing elevated levels 
of benzo(ghi)perylene are shown on Figure I1 4 4-10 This analyte is a fused polycyclic 
aromatic hydrocarbon that is associated with asphalt and other operations involving coal tars 

Benzo (k) fluoranthene 

Benzo(k)fluoranthene was found within 10 areas (13 locations total) exceeding the 
detection limit These areas include the industrial area west of OU4 near building 774 (four 
detections), the west berm of SEP 207-C (one detection), the north berm of SEP 207-C (one 0 

I 35 wpf OU4 Proposed IMllRA EA Decision Document 
I1 4-7 February IO 1995 



detection), the seep area northwest of SEP 207-A (four detections), the eat berm of SEP 207B 
Center (one detection), and south of OU4 (one detection), and east of OU4 in the bone yard at 
borehole/location 43293 (one detection) The locations and analytical results of surficial soil 
samples and postulated adjacent areas contauung elevated levels of benzo(k)fluoranthene are 
shown on Figure 11 4 4-11  This analyte is a fused polycyclic aromatic hydrocarbon that is 
associated with asphalt and other operations mvolving coal tars 

Chrysene 

Chrysene was found within seven areas (eight locations total) exceeding the detection 
l m t  These areas mclude the industnal area west of OU4 near building 774 (four detections), 
the seep,area north of SEP 207-A (two detections), the southwest berm of SEP 207-A (one 
detection), and east of OU4 in the bone yard at borehole/location 43293 (one detection) The 
locations and analytical results of surfkial soil samples and postulated adjacent areas containing 
elevated levels of chrysene are shown on Figure I1 4 4-12 This analyte is a fused polycyclic 
aromatic hydrocarbon that is associated with asphalt and other operations involving coal tars 

Fluoranthene 

Fluoranthene was found within 1 1 areas (15 locations total) exceeding the detection limit 
These areas mclude the industnal area west of OU4 near building 774 and the west berm of SEP 
207-C (five detections), the north berm of SEP 207-C (one detection), the seep area north of 
SEP 207-A (five detections), the southwest berm of SEP 207-A (one detection), the eastern berm 
of SEP 207B Center (one detection), the area south of OU4 (one detection), and east of OU4 
in the bone yard at borehole/location 43293 (one detection) The locations and analytical results 
of suficial soil samples and postulated adjacent areas contaimng elevated levels of fluoranthene 
are shown on Figure I1 4 4-13 This analyte is a fused polycyclic aromatic hydrocarbon that is 
associated with asphalt and other operations involving coal tars 

Phenanthrene 

Phenanthrene was found w i h n  rune areas (12 locations total) exceeding the detection 
lmit These areas include the industnal area west of OU4 near building 774 (four detections), 
the north berm of SEP 207-C (one detection), the seep area north of SEP 207-A (four 
detections), the southwest berm of SEP 207-A (one detection), the east berm of SEP 207B 
Center (one detection), and east of OU4 in the bone yard at borehole/location 43293 (one 
detection) The locations and analytical results of surficial soil samples and postulated adjacent 
areas containing elevated levels of phenanthrene are shown on Figure I1 4 4-14 This analyte 
is a fused polycyclic aromatic hydrocarbon that is associated with explosives, asphalt and other 
operations involving coal tars 

Pvrene 

Pyrene was found within nine areas (16 locations total) exceeding the detection limit 
These areas include the industrial area west of OU4 near building 774 and the west berm of SEP 
207-C (five detections), the north berm of SEP 207-C (one detection), the northwest berm and 
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seep area north of SEP 207-A (SIX detections), the southwest berm of SEP 207-A (one 
detection), the east berm of SEP 207B Center (one detection), south of OU4 (one detection) and 
east of OU4 in the bone yard at borehole/location 43293 (one detection) The locations and 
analytical results of sufiicial soil samples and postulated adjacent areas contaimng elevated levels 
of pyrene are shown on Figure I1 4 4-15 This analyte is a fused polycyclic aromatic 
hydrocarbon that is associated with asphalt and other operations involving coal tars 

Indene( 1 2.3-cd)ovrene 

Indeno( 1,2,3-~d)pyrene was found at four locations exceeding the detection lmit These 
locations mclude the industrial area west of OU4 near building 774 (three detections) and east 
of OU4 in the bone yard at borehole/location 43293 (one detection) The locations and 
analytical results of sufiicial soil samples and postulated adjacent areas containing elevated levels 
of indeno(l,2,3-cd)pyrene are shown on Figure I1 4 4-16 This analyte is a fused polycyclic 
aromatic hydrocarbon that is associated with asphalt and other operations involving coal tars 

Bis(2-ethylhexy1)phthalate was found within eight areas (1 3 locations total) exceeding the 
detection lmit These areas do not coincide with areas where polycyclic aromatic hydrocarbons 
were detected The areas where this analyte was detected include the southern berm of SEP 
207-A and near buildmg 967 (two detections), the seep area north SEP 207-B North (two 
detections), the eastern berm of SEP 207-B center (two detection), and northern and southern 
portions of the bone yard east of OU4 (five detections), and areas outside of the PA on the 
hillside descending to North Walnut Creek (two detections) The locations and analytical results 
of surficial soil samples and postulated adjacent areas contaimng elevated levels of bis(2- 
ethylhexy1)phthalate are shown on Figure I1 4 4-17 This analyte is a plasticlzer and is used in 
vacuum pumps 

Di-n-butvl Dhthalate 

Di-n-butyl phthalate was found withm two areas (four locations total) exceeding the 
detection lmit These areas do not coincide with areas where polycyclic aromatic hydrocarbons 
were detected The areas where this analyte was detected include the southern berm of SEP 
207-A and near Building 967 (three detections), and an isolated area in the southern portion of 
the bone yard east of OU4 (one detection) The locations and analytical results of surficial soil 
samples and postulated adjacent areas containing elevated levels of di-n-butyl phthalate are 
shown on Figure I1 4 4-18 This analyte is a plasticizer and among other things is used in insect 
repellent 

The distribution patterns of polycyclic aromatic hydrocarbons in surficial soils are shown 
in Figures I1 4 4-7 through I1 4 4-16 The highest concentrations of these compounds were 
consistently at location SS400993 west of SEP 207-C in the industrial area and at 
borehole/location 43293 in the bone yard east of the 207-B SEPs These compounds are 
common constituents of cooling and lubricating oils, diesel fuel, and asphalt These compounds 
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also are products from the incomplete combustion of fuels, which may result in atmosphenc 
transport and deposition 

The phthalates do not appear to be contammnts at OU4, but may result from field or 
laboratory contammation Phthalates are common components in various plastics, potential 
sources mclude the inner latex gloves used by field sampling crews and laboratory personnel, 
and the plastic contamers used for transport and storage of deiomed water 

11.4.4.3 Radionuclides 

Radionuclides were found in surficial soil samples collected during the Phase I F2FI/RI 
The radionuclide PCOCs are amencium-241, pluton1um-239/240, uranium-233/234, uranium 
235, urmum 238, gross alpha ionmng radiation sources, tritium, and cesium-134 These 
radionuclides were detected above the background 95% UCL in OU4 surficial soil samples and 
are present in statistically sigmficant quantities (Table I1 4 3-1) 

The detected radionuclides are by-products of nuclear weapons manufacturing, their 
decay products, and naturally occurring isotopes The tables in Appendix I1 Z present the 
samples with radionuclide analytes that were above the background 95% UCL limit 

Americium-24 1 

Americium-241 was detected above the background level of 0 027 pCi/g in 75 sufiicial 
soil samples The highest concentrations of 220 pCi/g (location SS402793), 130 pCi/g (location 
SS402893), 110 pCi/g (borehole 43793). and 92 pCi/g (location SS400593) were detected on the 
southwest, northeast and eastern berms of SEP 207-A The levels of americium-241 in the other 
surfkial soils around the SEPs ranged from 0 5 to 27 pCi/g with the majority of the reported 
values below 10 pCi/g The amencium-241 concentrations reported in surficial soil samples 
downgradient, or north of the SEPs in the buffer zone, ranged from 0 25 to 0 02 pCi/g Other 
notable measured concentrations occurred in samples from north of Building 713 at sample 
location SS400993 (20 18 pCi/g), southeast of SEP 207-B South at location SS401993 (7 04 
pc/g), and in the bone yard at borehole/location 43293 (4 40 pCi/g) The locations and 
analytical results of surficial soil samples containmg elevated levels of americium-241 are shown 
on Figure I1 4 4-19 

Aerosol dispersion of radionuclides from SEP liquids is a likely source for americium-241 
detected in surficial soil samples Americium-241 also appeared to be concentrated at the 
drainage tile outfall north of the SEPs Elevated results from samples located north of the SEPs 
is also a likely result of SEP fluid leakage into the subsurface and emergence at seeps 

The americium-241 present in the surfkial soils west of the SEPs in the industrial area 
near Building 777, north of Building 774, and east of the SEP area in the bone yard, do not 
appear to be related to suspected releases from the SEPs 
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Plutomum-239/240 

Plutomum-239/240 was detected above the background level of 0 062 pCi/g in 56 
surficial sod samples from OU4 The highest concentration detected was from location 
SS402793 (56 pCdg) on the southwestern berm of SEP 207-A Elevated concentrations also 
were detected at location SS403093 (19 pCi/g) near the drainage tile outfall north of the SEPs, 
along the eastern berm of SEP 207-A at borehole 43793 (17 pCi/g), and west of the SEPs in the 
industnal area at locations SS400993 (10 05 pCi/g) and SS402193 (9 22 pCi/g) Surficial soil 
samples collected north and down slope of the SEPs in the buffer zone displayed plutomum 
concentrations rangmg from 0 013 to 0 44 pCi/g The locations and analytical results of 
surficial soil samples contaimg elevated levels of plutomum-239/240 are shown on Figure 
I1 4 4 20 

The distribution of plutomum-239/240 is smilar to amencium-241 except that there 
appear to be higher concentrations of plutomum north of SEP 207-C at locations 40993 (7 2 
pCi/g), SS402393 (5 33 pCi/g), and 45793 (4 90 pCi/g) Samples from locations on the SEP 
berms commonly displayed elevated levels of americium and plutonium 

Elevated levels of plutomum-239/240 were found to be confined primarily to the surficial 
soils in the vicimty of the SEPs The source of contamination is suspected to be aerosol 
dispersion of radionuclide-contaminated SEP liquids Americium and plutonium also appeared 
to be concentrated at the drainage tile outfall north of the SEPs Elevated results from samples 
located north of the SEPs is a ldcely result of SEP fluid releases into the subsurface and 
emergence at seeps or at the drainage tile outfall 

The plutomum-239/240 in the surficial soils west of the SEPs in the industrial area near 
Building 777, south of Buildmg 774, and east of the SEP area in the bone yard, do not appear 
to be related to suspected releases from the SEPs 

Uramum-233 and 234 

Concentrations of uramum-233/234 (U2331234) exceeded the background 95 % UCL of 
1 22 pCi/g in 39 surficial soil samples The U233/234 concentrations ranged from a m i m u m  
of 1 24 pCi/g to a maxmum of 41 pCi/g, only two of the 39 samples exceeded 8 pCi/g These 
two samples included location SS403093 (41 pCi/g), near the outfall area of the SEP drainage 
tile, and location SS400594 (14 pCi/g), on the eastern berm of SEP 207-A The locations and 
analytical results of surficial soil samples contamng elevated levels of U233/234 are shown on 
Figure I1 4 4-21 

Elevated levels of U233/234 were found to be confined primarily to the surficial soils in 
the vicinity of the SEPs The source of contamination is suspected to be aerosol dispersion of 
radionuclide-contaminated SEP liquids U233/234 also appeared to be concentrated at the 
drainage tile outfall north of the SEPs Elevated results from samples located north of the SEPs 
is a likely result of SEP fluid releases into the subsurface and emergence at seeps or the drainage 
tile outfall 
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The U233/234 in the surficial soils west of the SEPs m the industnal area near Building 
779 and east of the SEP area in the bone yard, do not appear to be related to suspected releases 
from the SEPs 

Urmum-235 

Uramum-235 (U235) was detected in 26 surficial soil samples above the background 95 % 
UCL of 0 090 pCi/g The concentrations of uranium-235 in surficial soils ranged from 0 0927 
to 2 3 pCi/g, with the maxmum detection at location SS403093, near the outfall area of SEP 
drainage tile Only one sample (SS403093, 2 3 pCi/g) out of the 26 detections, exceeded 0 75 
pCdg The locations and analytical results of surficial soil samples contaimng elevated levels 
of U235 are shown on Figure I1 4 4-22 

The locations and relative concentrations of U235 detections are similar to the distribution 
observed for U233/234 Elevated levels of U235 were found to be confined primarily to the 
surficial soils in the vicimty of the SEPs The source of contamination is suspected to be aerosol 
dispersion of radionuclide-contaminated SEP liquids U235 also appeared to be concentrated at 
the drainage tile outfall north of the SEPs Elevated results from samples located north of the 
SEPs is a llkely result of SEP fluid releases into the subsurface and emergence at seeps 

The U235 in the surficial soils east of the SEP area in the bone yard, do not appear to 
be related to suspected releases from the SEPs 

Uramum-238 

Uramum-238 (U238) was detected in 33 surficial soil samples above the background 95 % 
UCL of 1 27 pCi/g The concentrations of U238 ranged from 1 27 to 27 pCi/g, with the 
highest concentration detected at location SS403093, near the SEP drainage tile outfall Only one 
sample (SS403093, 27 pCdg) out of the 33 detections, exceeded 8 4 pCi/g The locations and 
analytical results of surficial soil samples contamrung elevated levels of U238 are shown on 
Figure I1 4 4-23 

The locations and relative concentrations of U238 detections are similar to the distribution 
observed for U233/234 and U235 Elevated levels of U238 were found to be confined pnmarily 
to the surficial soils in the vicimty of the SEPs The source of contamination is suspected to be 
aerosol dispersion of radionuclide-contaminated SEP liquids U238 also appeared to be 
concentrated at the drainage tile outfall north of the SEPs Elevated results from samples located 
north of the SEPs is a llkely result of SEP fluid releases into the subsurface and emergence at 
seeps 

The U238 in the surficial soils east of the SEP area in the bone yard, do not appear to 
be related to suspected releases from the SEPs 
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Gross AlDha 

Gross alpha ionuing radiation was detected above the background 95% UCL of 22 9 
pCi/g in 33 surficial soil samples from OU4 Only seven of the samples with elevated results 
exceeded 50 pCi/g The lughest concentration detected was from location SS402793 (440 pCi/g) 
on the southwestern berm of SEP 207-A The second highest result was detected at 
borehole/location 43793 (260 pCr/g) on the eastern berm of SEP 207-A Elevated concentrations 
were also detected at location SS403093 (250 pCi/g) near the drainage tile outfall north of the 
SEPs The locations and analytical results of surfkial soil samples containmg elevated gross 
alpha levels are shown on Figure I1 4 4-24 

The gross alpha distnbution is smilar to that of americium, plutomum, and the uranium 
isotopes Samples collected from the southwestern, eastern, and northeastern berms of SEP 207- 
A often displayed elevated levels of americium, plutomum, and uranium isotopes Gross alpha 
radiation was found to be confined pnmanly to the surfkial soils in the vicinity of the SEPs 
The source of contamination is suspected to be aerosol dispersion of radionuclide-contaminated 
SEP liquids Elevated gross alpha values also appeared at the drainage tile outfall north of the 
SEPs 

Gross alpha radiation in surficial soils west of the SEPs in the industrial area near 
Building 730, south of Building 774, and east of the SEP area in the bone yard do not appear 
to be related to suspected releases from the SEPs 

Tritium 

Tritium is highly mobile and most likely associated with the pore waters of the surficial 
soil Since the detection lmit is unknown for several tritium surficial soil samples, the 
background 95% UCL of 212 2 pCi/L for the vadose zone samples is used as a conservative 
lower limit for mapping purposes Besides being consistent with the vadose zone map for 
tntium, this mapping value is conservative to the state of Colorado ground water standard of 500 
pCi/L Concentrations of tritium above this detection lmit was reported in 22 surface soil 
samples Seven of the 22 samples had 
sample results above 1 ,OOO pCi/L Concentrations of 329,000 pCi/L (borehole/location 05293), 
227,000 pCi/L (borehole/location 44893), 118,000 pCi/L (borehole/location 40193), and 20,100 
pCi/L (location SS400993) were detected in samples taken outside the PA Inside the PA three 
samples, borehole/location 45693 (1,300 pCi/L) in the seep area northwest of SEP 207-A, 
location SS403093 (1,600 pCi/L) and SS403193 (1,254 pCi/L) near the drainage tile outfall 
north of the SEPs exceeded 1,OOO pCi/L The locations and analytical results of surfkial soil 
samples contaimng elevated levels of tritium are shown on Figure I1 4 4-25 

Sample results ranged from 250 to 329,000 pCi/L 

Slightly elevated concentrations of tritium were found around the SEPs and in the bone 
yard The greatest tritium concentrations were detected in samples collected to the north, or 
downslope of the SEPs in seep areas Elevated results from samples collected north of the SEPs 
are likely from historic SEP fluid leakage into the subsurface and emergence at seeps Tritium 
also appeared to be concentrated at the drainage tile outfall north of the SEPs 
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Cesium- 134 

Cesium-134 was not detected above the detection lmit in surficial soil samples from 
OU4 However, surfkial soil samples from 10 locations did have a result greater than a value 
of zero associated with them The maxmum results were 0 0333 pCi/g, detected in a sample 
from location SS400993 m the industnal area west of OU4, 0 0218 pCi/g, detected in a sample 
from location SS402093 in the buffer zone east of the SEPs, and 0 012 pCi/g, detected in a 
sample from borehole/location 41293 northeast of SEP 207-B North All other samples were 
at least a magmtude less, and as previously noted, all were below the detection lmit The 
locations and analytical results of surficial soil samples contaimng elevated levels of cesium-134 
are shown in Figure I1 4 4-26 

II.4.4.4 Other PCOCs in Surficial Soils 

Other PCOCs found in surficial soil samples collected during the Phase I RFI/RI included 
mtratehtrite and aroclor-1254 (a PCB) These PCOCs were detected above the background 
95 % UCL lmit in OU4 surficial soils and are present in statistically significant quantities The 
tables in Appendlx I1 2 list the samples contaimng PCOC analytes above the background 95% 
UCL lmit (Table I1 4 3-1) 

Nitrate/Nitrite 

Nitrate/nitrite contamination above the background 95 % UCL limit of 1 11 mg/kg was 
reported in 73 surficial soil samples The higher concentrations, ranging from 250 to 765 
mg/kg, were detected in six samples of soils from the seep areas north of the SEPs inside the 
PA, and the outfall area of the drainage tile installed between SEP 207-A and the 207-B SEPs 
The majonty of the berms around the SEPs displayed elevated levels of mtrate/rutrite 
contamination Sample results were also sigmficantly elevated southeast of SEP 207-B South 
where concentrations reached 83 3 mg/kg Other outlying areas, such as the industrial area west 
of OU4, northern and southern portions of the bone yard, and seep areas on the slope north of 
the SEPs outside of the PA contamed mtrate at levels generally less than 10 mg/kg The 
locations and analytical results for mtratelmtnte in surfkial soil samples are shown on Figure 
I1 4 4-27 

The elevated nitrate levels observed in the surficial soil samples may have been derived 
from aerosol dispersion of SEP liquids, the effluent from the drainage tile installed between 
SEPs 207-A and 207-B, spills or leaks associated with the sludge drying staging area, or from 
SEP liquids which leaked into the subsurface and re-emerged at seep areas north of the SEPs 

Pesticides/PCBs 

The PCB aroclor-1254 was found above the detection limit in seven surficial soil 
samples The highest concentration 
detected was 11,900 pglkg at location SS401793, north of Building 774 in the industrial area 
west of OU4 Aroclor-1254 was also detected on the southern berm of SEP 207-A, on the 
eastern berm of SEP 207-B Center and South, and east of OU4 in the bone yard at 

Only two of the seven aroclor-1254 occurred in OU4 
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boreholes/locations 41893 and 43293 The locations and analytical results of surficial soil 
samples contammg aroclor-1254 are shown on Figure 114 4-28 The areal distribution of 
aroclor-1254 m the surficial soils was Imited, and no potential source of aroclor-1254 has been 
identified 

II.4.5 Nature and Extent of Subsurface Contamination 

Laboratory analytical results from subsurface materials that were determmed to be usable 
from the Phase I RFI/RI and the histoncal data sets provided the basis for evaluating the nature 
and extent of subsurface contammation within OU4 Development of the PCOC list from the 
usable Phase I RFI/RI data and background 95% UCL comparisons reduced detected analytes 
to the principal contaminants present at OU4 Potential sources of the PCOCs are also identified 
in the following summanes based on the observed distnbutions 

Appendix I1 Z contam a complete listing of all subsurface analytes that occurred at 
concentrations greater than background levels for metals, radionuclides, and other inorganic 
PCOCs, and above the detection lmit for orgamcs compounds Table I1 4 3-2, previously 
presented, contains a listing of the subsurface PCOCs and respective background UCLs 

Figures I1 4 5-1 through I1 4 5-20 show the horizontal and stratigraphic distribution of 
metal, orgmc, radionuclide, and other inorgamc analytes at levels above the background 95% 
UCL in OU4 These maps display results from discrete samples at 2 feet intervals for volatile 
orgamcs, and 2- and 6-foot composite borehole samples that include mixed intraformational 
lithologies, unconsolidated vadose and saturated matenals, and bedrock lithologies The 
subgrade samples that were previously described and displayed (Section I1 3 1 2 4), are not 
presented in the figures in this section because they mostly consisted of construction material 
(gravels) in direct contact with the asphalt liners and are not thought to be representative of 
typical subsurface soils and bedrock at OU4 The presence of elevated concentrations of 
contaminants in the subgrade samples are, however, noted in this section, particularly where 
those contammnt concentrations are the highest observed 

Manganese and sulfide, although present on the PCOC list, are not mapped because they 
are naturally occumng pnmary constituents of subsurface materials Lithium, although present 
on the PCOC list, was not mapped because it was not found at levels exceeding the background 
95% UCL Chloroform, di-n-butyl phthalate, and 2-butanone, although present on the PCOC 
list, are also not mapped because they were not detected in any Phase I RFI/RI samples and are 
not llkely to be present 

11.4.5.1 Metals 

The metal PCOCs are barium, cadmium, calcium, potassium, sodium, and zinc These 
metals were detected above the background 95% UCL levels in subsurface soils, including the 
shallow vadose zone soils collected from directly beneath the SEPs 
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Banum 

Banum detections above the background 95 % UCL of 93 87 mg/kg occurred in 3 1 Phase 
I RFI/F2I boreholes at vmous depths The concentration distnbution of banum in the subsurface 
is pman ly  resttrcted to areas subjacent, adjacent, and north of the SEPs The highest 
concentration of barium m the Phase I RFI/RI data set was 4,150 mg/kg (borehole 43693, 
located in the southern portion of SEP 207-A) at a depth of 10 to 13 feet in vadose zone silty 
claystone bedrock The only other sample with a result exceeding 300 mg/kg was collected from 
borehole 46193 (located north of the SEP drainage tile outfall) at a depth of 0 to 6 feet (364 
mg/kg) 

Dnll core from boreholes located in the buffer zone, downgradient of the SEPs, 
consistently displayed elevated levels of barium throughout the thickness of the vadose zone and 
underlying saturated strata The highest detection in the buffer zone, 236 mg/kg, was recorded 
from the core of borehole 40193 at a depth of 12 to 18 feet, which is in either 
landslide/colluvium or artificial fill material within the vadose zone 

The lughest banum concentration reported in the historical data set is 11,600 mg/kg and 
was detected in borehole P208889, located northeast of SEP 207-B North, at a depth of 3 5 to 
9 5 feet Other notable subsurface detections of banum from the historical data set include 
1,100 mg/kg (borehole P208989, located west of the SEP drainage tile outfall), 390 mg/kg 
(borehole 3787, located on the eastern berm of SEP 207-B South), and 413 mg/kg (borehole 
3987, located northeast of SEP 207-B North) All other detections in the historical data set are 0 below 300 mg/kg 

The distribution of banum is displayed on Figures I1 4 5-1 This figure schematically 
Barium concentrations are shows that barium concentrations generally increase with depth 

greatest beneath the SEPs, particularly SEP 207-A, and north of the SEPs in the buffer zone 

Cadmium 

Cadmium was detected at concentrations above the background 95 % UCL of 2 3 mg/kg 
in 16 Phase I RFI/RI boreholes at vanous depths The concentrations ranged from 2 5 to 547 
mg/kg, with all but three of the samples measured at concentrations below 65 mg/kg The 
highest cadmium concentrations were observed beneath SEP 207-A in borehole 42493 at the 0 
to 2 foot (362 mg/kg) and the 2- to 4-fOOt (547 mg/kg) intervals, and beneath SEP 207-B North 
in borehole 46693 at the 0 5-to 2 25-foot (135 mg/kg) interval In the three boreholes drilled 
in SEP 207-B North, the cadmium levels decreased with depth 

With the exception of several locations north and northeast of the SEPs in the buffer zone 
and/or outside of OU4, cadmium in the subsurface occurred beneath or in the immediate vicinity 
of the SEPs Elevated cadmium concentrations also occurred at the outfall of the drainage tile 
between SEP 207-A and the 207-B SEPs All historical detections were less than 101 mg/kg, 
however, the most elevated historical cadmium result (100 6 mg/kg at borehole SEP1087 from 
19 to 21 feet) was anomalous and not confirmed by subsequent Phase I RFI/RI boreholes drilled a and sampled nearby 
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The distnbution of cadmium is displayed on Figure I1 4 5-2 This figure schematically 
shows that cadmium concentrations generally decrease with depth Cadmium concentrations are 
greatest beneath the SEPs, particularly SEP 207-A Thls is consistent with hstoncal liquid and 
sludge analyses from the SEPs, particularly SEP 207-A, which contained the highest 
concentrabons in companson to the other SEPs The elevated cadmium concentrations beneath 
the SEP liners typically decreased with depth 7” suggests that leakage through liner breaches 
has occurred and that cadmium appears to have sorbed readily on the mediately underlying 
matenal 

Calcium 

Calcium detections above the background 95% UCL of 7,782 mg/kg occurred in 38 
Phase I RFWRI boreholes at vanous depths The concentration of calcium in the subsurface IS 
prmanly restricted to areas subjacent and adjacent to the SEPs, in particular SEP 207-B North 
and Center, and SEP 207-A The hghest concentration of calcium in the Phase I RFI/RI data 
set was 328,000 mg/kg (borehole 46793, located in the east-central portion of SEP 207-B North) 
at a depth of 6 5 to 8 5 feet in vadose zone claystone bedrock Other samples with calcium 
results of this magrutude were collected from vadose zone RFA beneath SEPs 207-A and 207-B 
Center The highest calcium concentration reported in the historical data set is 21,700 mg/kg 
and was detected in borehole 5687 at a depth of 2 to 3 5 feet These high concentrations may 
be attributable to the caliche layers which are common in the subsurface 

The distribution of calcium is displayed on Figure I1 4 5-3 This figure schematically 
shows that calcium is mobil or widespread beneath the SEPs and that concentrations do not 
generally increase with depth Calcium concentrations are greatest beneath the SEPs, 
particularly SEPs 207-B North and Center 

0 

Potassium 

Potassium detections above the background 95% UCL of 1,562 86 mg/kg occurred in 
35 Phase I RFI/RI boreholes at vanous depths The concentration distribution of potassium in 
the subsurface is pmarily restricted to areas subjacent and adjacent to the SEPs, with 
particularly high concentrations mediately beneath SEP 207-A and 207-B North The highest 
concentration of potassium in the Phase I RFI/RI data set was 21,100 mg/kg (borehole 46693, 
located in the north-central portion of SEP 207-B North) at a depth of 0 5 to 2 25 feet in vadose 
zone RFA Other vadose zone samples with potassium results of this magnitude were collected 
from other boreholes (46793) in 207-B North, and in northern portions of SEP 207-A (41593) 

The highest potassium concentration reported in the historical data set is 4,620 mg/kg and 
was detected in borehole P210189 (southern berm of SEP 207-C) at a depth of 3 to 9 feet 

The distribution of potassium is displayed on Figure I1 4 5-4 This figure schematically 
shows that potassium is rather stationary and is found in greater concentrations proximal to the 
SEPs Potassium concentrations are greatest beneath the SEPs, particularly SEPs 207-B North 
and 207-A a 
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Sodium 

Sodium detections above the background 95% UCL of 2,720 mg/kg occurred in rune 
ab 

- -  
Phase I WI/N boreholes at vmous depths The concentration distnbution of sodium in the 
subsurface is restncted to areas subjacent to the SEPs, and beneath the northern berm of SEP 
207-C The highest concentration of sodium in the Phase I RFI/N data set was 10,200 mg/kg 
(borehole 46693, located m the north-central pornon of SEP 207-B North) at a depth of 0 5 to 
2 25 feet in vadose zone RFA Other vadose zone samples with elevated sodium results were 
collected from boreholes in SEPs 207-B North and Center, and SEP 207-A Only two samples 
were reported as havmg slightly elevated sodium concentrations in the histoncal data set, both 
were collected proxunal to the SEPs 

The distribution of sodium is displayed on Figure I1 4 5-5 This figure schematically 
shows that ldce potassium, sodium is rather stationary and is found in greater concentrations 
proxmal to the SEPs 

- Zinc 

Zinc detections above the background 95% UCL of 23 64 mg/kg occurred in 37 Phase 
I RFI/RI boreholes at vmous depths The concentration distribution of zinc in the vadose zone 
is in shallow areas adjacent to the SEPs, deeper portions of the vadose zone, and subjacent 
saturated zone The hlghest concentration of zinc in the Phase I RFI/RI data set was 168 mg/kg 
(borehole 44393, located south of SEP 207-A) at a depth of 0 to 5 feet in vadose zone RFA 
The other samples with results exceeding 100 mg/kg were collected from the saturated zone 
beneath SEP 207-A (borehole 42193, 110 mg/kg at 28 3 to 31 3 feet), downgradient (north) of 
the SEPs in the buffer zone (borehole 40593, 115 mg/kg at 12 to 18 feet), or in the southern 
portion of the bone yard (borehole 44193, 130 and 160 mg/kg at 35 4 to 41 6 and 47 6 to 50 2 
feet, respectively) However, the background 95% UCL for zinc in saturated bedrock may be 
sigmficantly different than the vadose zone UCLs to which the data is compared 

' @ 

The highest zinc concentration reported in the histoncal data set is 487 mg/kg and was 
detected in borehole P209689, located north of borehole 44193 in the bone yard, at a depth of 
12 2 to 18 2 feet 

Drill core from boreholes located north or downgradient of the SEPs consistently 
displayed elevated levels of zinc throughout the thickness of the vadose zone The distribution 
of zinc within OU4 is displayed on Figure 11 4 5-6 This figure schematically shows that zinc 
concentrations generally increase with depth 

11.4.5.2 Organic Compounds 

Semivolatile and volatile organic compounds (SVOCs and VOCs) were found in 
subsurface samples collected during the Phase I RFI/RI The organic PCOCs are acetone, bis(2- 
ethylhexyl)phthalate, methylene chloride, and toluene These organic compounds were detected 
above the detection limit in OU4 vadose zone materials and are present in statistically significant 
quantities Chloroform, di-n-butyl phthalate, and 2-butanone, although present on the PCOC 0 
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list due to histoncal detecbons, are not mapped because they were not detected in any Phase I 
RFI/RI samples Thus the accuracy and validity of hrstoncal orgmc analyses is questionable 

The detected orgmc analytes are plvnarily solvents and plasticizers (phthalates) 
Appendlx I1 2 presents the orgmc analytes whch were detected The tables in Appendix I1 Z 
list the samples contamng orgmc analytes above the detection lmit 

Acetone 

Acetone was detected at concentrations above the detection lmit at various depths in a 
number of Phase I RFI/RI and histoncal boreholes The concentrations of acetone ranged from 
11 to 140 pg/kg in the Phase I RFI/RI data set, with the maxmum result from borehole 42593 
in the east-central portion of SEP 207-A The maxmum detection in the histoncal data set, 
2,700 pg/kg, was collected from borehole P210189, located on the southern berm of SEP 207-C 

The distribution of acetone is displayed on Figure I1 4 5-7 This figure shows that the 
presence of acetone is widespread in OU4, and that concentrations show little variability or 
trends with depth Acetone concentrations are greatest beneath the SEPs, particularly 207-C 

The detection of acetone in samples may be the result of laboratory-introduced 
contammation This is suggested by the following observations 

Relatively low detected concentrations, 
0 Ubiquitous occurrence and absence of concentration gradients, 

Observations that more than 50 percent of the sample analyses yielded results that 

0 Sporadic nature of the distribution of samples with positive contaminant 

Acetone was detected in equipment rinsate samples (Table I1 3 6-8) and was 

Acetone compound is a common laboratory contaminant 

0 

were below the reported detection limit, 

identification, 

occasionally reported in laboratory blanks, and 
. 
. 

Methylene Chloride 

Methylene chloride was detected at concentrations above the detection I n i t  in a large 
number of Phase I RFI/RI and historical boreholes at various depths The concentrations of 
methylene chloride ranged from 5 to 71 pg/kg in the Phase I RFI/RI data set, with the maxmum 
result from borehole 45893 north of SEP 207-C at a depth of 5 to 5 25 feet The maximum 
detection in the historical data set that was not flagged with a "J" (estimated value between the 
instrument detection limit and required reporting limit) was 52 pg/kg at borehole SP0687, 
located on the eastern edge of SEP 207-B North 

The distribution of methylene chloride is displayed on Figure I1 4 5-8 This figure 
schematically shows that methylene chloride is widespread in OU4 and that concentrations do 
not generally increase with depth Methylene chloride detections do not seem to be concentrated e 
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beneath the SEPs nor are there any apparent trends rn the data The detection of methylene 
chlonde in samples may be the result of laboratory-introduced contammation This is suggested 
by the following 

0 Relatively low detected concentrations, 

0 Sporadic nature of the distnbution of samples with positive contaminant 

0 Methylene chlonde was detected in equipment rinsate samples and was 

0 Ubiquitous Occurrence and absence of concentration gradients, 

identification, 

occasionally reported in laboratory blanks, and 
0 Methylene chloride is a known laboratory contaminant 

Bis(2-ethv 1hexyl)~hthalate 

Bis(2-ethylhexy1)phthalate was detected in one borehole above the detection limit in both 
the Phase I RFI/RI and historical data sets The result of 5,300 pg/kg was reported for a sample 
collected from 41 6 to 47 6 feet in borehole 44193 located in the southern portion of the bone 
yard (Phase I RFI/RI data set), and the result of 830 pg/kg was reported for a sample collected 
from 2 to 3 5 feet in borehole SPO387 located on the southwestern berm of SEP 207-A 
(historical data set) As result of the lmited number of detections, a map was not prepared 
showing the distribution of this compound 

The detection of bis(2-ethylhexyl)phthalate in samples may be the result of secondary ' contamination This is suggested by the following 

. Relatively low number of sample detections, 
Ubiquitous occurrence and absence of concentration gradients, 

Fact that this compound is a known secondary contaminant 

0 

0 Sporadic nature of the distnbution of samples with positive contaminant 
identification, and 

0 

Toluene 

Toluene was detected at concentrations above the detection limit at various depths in 48 
Phase I RFI/RI boreholes The concentrations of toluene ranged from 7 to 1,200 pglkg in the 
Phase I RFI/RI data set, with the maxmum result from borehole 40793, located northwest of 
SEP 207-A The only other reported result of this magmtude in the Phase I RFI/RI data set was 
1,100 pg/kg, which was collected from borehole 40893, located north of SEP 207-B North 
With the exception of two sample results, 780 pg/kg detected in core from 44393, and 670 
pg/kg detected in core from borehole 44793, all other Phase I RFI/RI data for toluene were 
below 450 pglkg In the historical data set, only one detection, 6 pg/kg, was above the required 
reporting limit The remaining results were all flagged with a "J" (estimated value) 

Analysis of the vertical and horizontal distribution of toluene in the subsurface did not 
reveal definitive patterns, since there were numerous samples that yielded concentrations above @ 
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the detection lmit in the buffer zone north of the SEPs, as well as near the SEPs However, 
the hlghest mcidence of toluene contammation were often located near the seep areas north of 
the SEPs Detections of toluene m the seep areas might be related to the low levels of toluene 
detected in ground water by other previous mvestigations 

The distnbution of toluene is displayed on Figure I1 4 5-9 This figure schematically 
shows that the distnbution of toluene is widespread, that the elevated concentrations are not 
restncted to vadose zone soils beneath the SEPs, and that concentrations do not generally 
increase with depth 

Toluene detections in samples may not be solely sourced from to SEP wastes It may 
have resulted from hlstorical releases of toluene-contaminated SEP fluids or may be the result 
of laboratory-introduced contamination Th~s conclusion is based on 

Ubiquitous Occurrence and concentration gradients outside of the SEPs (north of 

Sporadic nature of the distribution of samples with positive contaminant 
the SEPs in the seep areas inside the PA), 

identification (I e, south of the SEPs at borehole 44393, and northeast of the SEPs 
in the buffer zone at borehole 44793), and 
Fact that this compound is a known laboratory contaminant 

II. 4.5.3 Radionuclides 

Radionuclides were found in subsurface samples collected during the Phase I RFI/RI 
The radionuclide PCOCs are amencium-241, plutomum-239/240, uranium-233/234, uranium- 
235, uramum-238, gross beta iolllzmg radiation sources, radium-226, strontium-89/90, cesium- 
134, cesium-137, and tritium These radionuclides were detected above the background 95 % 
UCL in OU4 subsurface samples and are present in statistically significant quantities 

The detected radionuclides are by-products of nuclear weapons manufacturing, their 
decay products, and naturally occumng isotopes The tables in Appendix I1 Z present the 
subsurface sample results of radionuclide analytes that were above the background 95% UCL 

Amer~cium-24 1 

Excluding the subgrade samples from beneath the asphalt liners, americium-24 1 was 
detected at various depths at concentrations above the background level of 0 01 pCi/g in 27 
Phase I RFI/RI boreholes and 32 historical boreholes, pnmanly from locations around the SEPs 
Americium concentrations ranged from 0 0101 to 6 10 pCi/g in the Phase I RFI/RI data set, with 
only 10 samples having values greater than 1 pCi/g The greatest result from deeper than 0 5 
feet below the surface was from borehole 43793 (between SEP 207A and SEP 207B Center) at 
a depth of 0 5 to 6 feet (6 1 pCi/g) The subsurface americium concentrations were significantly 
lower than those observed in samples from the surficial soils All the sample results in the 
historical data set were less than 1 pCi/g As previously displayed (Figure I1 3 1-51), 10 
subgrade samples had americium-241 values ranging from 0 0652 to 44 68 pCi/g with six 
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samples havmg values reported greater than 1 pCi/g The maxmum concentration for these 
subgrade samples was reported from 46693 in a sample collected immediately below the SEP 
h e r  from 0 33 to 0 5 feet This borehole is located m the north-central portion of SEP 207B 
North 

The amencium-241 levels measured in borehole core samples indicated a trend of 
decreasing activity concentration as a function of depth Amencium-241 was not detected at 
levels above background values in the deep borehole bedrock samples collected The distribution 
of amencium-241 is displayed on Figure I1 4 5-10 This figure schematically shows that 
amencium concentrations are restncted to areas under and adjacent to the SEPs, and that 
concentrations generally decrease with depth Amencium concentrations are greatest 
mediately beneath the SEPs, particularly 207-B North 

Plutomum-239/240 

Excluding the subgrade samples from beneath the asphalt liners, plutonium-239/240 was 
detected at concentrations above the background 95% UCL of 0 02 pCi/g in 27 Phase I RFI/RI 
boreholes and 32 historical boreholes at vanous depths, primarily from locations around the 
SEPs The highest 
concentration from these samples was reported in borehole 43593 drill core (25 pCi/g) near 
Building 779 at a depth of 1 to 6 feet Only 12 of 110 samples taken from below 1 foot 
exceeded 1 pCi/g From the historical data set, the maxmum value was reported as 2 5 pCi/g 
with five samples greater than 1 pCi/g These five histoncal samples were located both 
proxmal to the surface and to the SEPs As previously displayed (Figure I1 3 1-55), nine 
subgrade soil samples had plutonium-239/240 values ranging from 0 1876 to 19 78 pCi/g, with 
six samples having results greater than 1 pCi/g The highest subgrade soil sample result (19 78 
pCi/g) was collected from borehole 46593 (0 58 to 0 67 feet) located in the west-central portion 
of SEP 207-B North Other elevated levels of this magnitude were reported in samples taken 
from other boreholes within SEP 207-B North and 207-A 

Plutomum-239/240 concentration ranged from 0 0214 to 25 pCi/g 

The plutomum-239/240 concentrations detected in subsurface samples immediately 
beneath the SEP liners rapidly decreased to non-detectable levels as a function of depth 
Plutonium-239/240 contamination was not detected above the background 95% UCL in any of 
the deeper bedrock samples 

Elevated levels of plutomum-239/240 were found to be confined near the ground surface 
in the vicinity of the SEPs or immediately beneath the SEP liners This finding was supported 
by the low levels of contamination observed in the vadose zone soils and the decreasing 
concentrations observed in the boreholes located within the SEPs The elevated concentrations 
detected at borehole 41593,46593, and 46793, located in the northwestern corner of SEP 207-A 
and northeastern sections of SEP 207-B North, respectively, were considered to be indicative 
of a possible breach in the liner 

The distribution of plutonium-239/240 is displayed on Figure I1 4 5-1 1 This figure 
schematically shows plutonium concentrations are restricted to areas under and adjacent to the 
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SEPs, and that concentration levels generally decrease with depth Plutomum concentrations are 
greatest mediately beneath the SEPs, particularly 207-B North 

Uramum-233/234 
0 

Excludmg the subgrade samples from beneath the asphalt liners, uramum-233/234 
(U233/234) was detected at concentrations above the background 95% UCL of 0 53 pCi/g, in 
44 Phase I RFI/RI boreholes and 39 historical boreholes at various depths The U233/234 
concentrations ranged from 0 58 to 63 4 pCi/g in the Phase I RFI/RI data set and from 0 54 to 
7 10 pCi/g rn the hlstoncal data set The maxunum concentration was reported from borehole 
42193 below the SEP 207-A liner from 0 to 2 feet Borehole 40993 (located north of SEP 207- 
C) samples also exhibited elevated levels of U233/234 (2 7 pCi/g) The most elevated value of 
U233/234 (7 1 pCi/g) in the hlstoncal data set was detected in borehole P210189, located 
mediately south of SEP 207-C The maxmum concentration was reported from borehole 46693 
mediately below the SEP 207-B North liner from 0 33 to 0 5 feet As previously displayed 
(Figure I1 3 1-59), nine subgrade soil samples had U233/234 reported values ranging from 1 95 
to 63 4 pCi/g The maxmum concentration (63 4 pCi/g) was reported from borehole 46693 
below the SEP 207-B North liner from 0 33 to 0 5 feet Other samples collected from 
mediately below the SEP liners (207-A, and 207-B North and Center) consistently displayed 
results of h s  magmtude 

The vertical concentration distnbution of the U233/234 indicated that the concentrations 
generally decrease as a function of depth below the SEPs The subsurface results indicate that 
the majority of the elevated concentrations of U233/234 were located beneath the SEPs The 
distribution of U233/234 is displayed on Figure I1 4 5-12 This figure schematically shows that 
elevated U233/234 concentrations are restncted to areas under and adjacent to the SEPs, that 
concentration levels generally decrease with depth, and that lower concentrations are also found 
north and downgradient of the SEPs Elevated U233/234 concentrations were also detected at 
20 to 31 feet in borehole 40993 (1 9 pCi/g) and in ground water north of SEP 207-C, suggesting 
that this SEP liner may have been breached at some point in tune or contamination migrated 
from upgradient sources 

@ 

Uramum-235 

Excluding the subgrade samples from beneath the asphalt liners, uramum-235 (U235) was 
detected at concentrations above the background 95% UCL of 0 1 pCi/g, in 16 Phase I RFI/RI 
boreholes and seven historical boreholes at various depths, from locations within and around the 
SEPs The U235 concentrations ranged from 0 110 to 0 87 pCi/g in the Phase I RFI/RI data 
set and 0 11 to 0 30 in the histoncal data set The greatest result from subsurface soils deeper 
than 0 5 feet below the surface in the Phase I RFI/RI data set (0 87 pCi/g) was from borehole 
42193 in the northern portion of SEP 207-A at a depth of 0 5 to 2 feet The most elevated value 
of U235 (0 30 pCi/g) in the historical data set was detected in borehole P210189, located on the 
southern berm of SEP 207-C As previously displayed (Figure I1 3 1-60), seven subgrade soil 
samples had reported values ranging from 0 165 to 1 689 pCi/g The maximum concentration 
(1 689 pCi/g) was reported from borehole 46693 immediately below the SEP 207-B North liner 
from o 33 to 0 5 feet 0 
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The vertical concentration distnbution of U235 mdicated that the concentrations generally 
decrease as a function of depth below the SEPs The vadose zone soil results mdicated that the 
majonty of the elevated concentrations of U235 (27 out of 33 total detections) were located 
beneath the SEPs This figure 
schematically shows that elevated U235 concentrations are restncted to areas under and adjacent 
to the SEPs, and that concentration levels generally decrease with depth 

0 
The distnbution of U235 is displayed on Figure 11 4 5-13 

I Urmum-238 
I Excluding the subgrade samples from beneath the asphalt liners, urmum-238 (U238) was 

detected at concentrations above the background 95 % UCL of 0 63 pCi/g, in 44 Phase I FWI/RI 
boreholes and 42 histoncal boreholes at vanous depths The U238 concentrations ranged from 
0 68 to 11 46 pCi/g in the Phase I RFI/RI data set and from 0 66 to 3 9 pCi/g in the histoncal 
data set The greatest result from vadose soils deeper than 0 5 feet below the surface was from 
borehole 42193 in the northern portion of SEP 207-A at a depth of 0 5 to 2 feet (1 1 87 pCi/g) 
The most elevated value of U238 (3 9 pCi/g) in the histoncal data set was detected in borehole 
5687, located in the industnal area west of OU4 near Building 779 As previously displayed 
(Figure II 3 1-61), mne subgrade soil samples had U238 values ranging from 1 42 to 25 47 
pCi/g The maxmum concentration (25 47 pCi/g) was reported from borehole 46693 
immediately below the SEP 207-B North liner from 0 33 to 0 5 feet 

All elevated U238 sample results, greater than 2 pCi/g, are from vadose zone areas 
proxlmal to the SEPs U238 was detected in vadose zone soil samples from boreholes 40293 
(1 8 pCi/g) and 40393 (1 9 pCi/g) located in the buffer zone @ 

The vertical concentration distribution of the U238 indicated that the concentrations 
generally decrease as a function of depth below the SEPs The distnbution of U235 is displayed 
on Figure I1 4 5-14 This figure schematically shows that elevated U238 concentrations are 
restncted to areas under and adjacent to the SEPs, concentration levels generally decrease with 
depth, and that lower level concentrations are also found north and downgradient of the SEPs 

Gross Beta 

Excluding the subgrade samples from beneath the asphalt liners, gross beta ionizing 
radiation was detected at concentrations above the background 95 % UCL of 27 99 pCi/g in 3 1 
Phase I FWI/RI boreholes and 26 histoncal boreholes at vanous depths The gross beta 
concentrations ranged from 28 to 55 pCi/g in the Phase I RFI/RI data set and 28 to 120 pCi/g 
in the historical data set The maxnum concentration was reported from borehole 42393 
located on the western berm of SEP 207-C at a depth of 6 to 8 1 feet The most elevated gross 
beta value in the historical data set was 120 pCi/g, detected in borehole P210189, located 
immediately south of SEP 207-C As previously displayed (Figure I1 3 1-54), subgrade soil 
samples from the SEPs had values ranging between 23 5 and 51 5 pCi/g The maximum 
concentration was reported from below the liner in borehole/location 42593 in the east-central 
portion of SEP 207A 
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The vertical concentration distnbution of the gross beta indicated that the concentrations 
generally decrease as a function of depth The analytical subsurface results indicated that the 
majonty of the elevated gross beta concentrations were not necessarily located beneath the SEPs, 
but are found adjacent to the SEPs beneath the berms, in the industrial area west of OU4 
(borehole 43593), and east of OU4 m the bone yard (borehole 43293) The gross beta analytical 
results distnbution is displayed on Figure I1 4 5-15 This figure schematically shows that 
elevated gross beta concentrations are not restricted to areas under or mediately adjacent to 
the SEPs, and that concentration levels do generally decrease with depth 

Radium-226 

Excluding the subgrade samples from beneath the asphalt liners, radium-226 was detected 
at concentrations above the background 95% UCL of 0 65 pCi/g, in 23 Phase I RFI/RI 
boreholes and 23 histoncal boreholes at vanous depths The radium-226 concentrations ranged 
from 0 66 to 6 83 pCi/g m the Phase I RFI/FU data set and 0 67 to 1 7 pCi/g in the historical 
data set The greatest result from vadose zone soils deeper than 0 5 feet below the surface was 
from borehole 46993 in the northwestern portion of SEP 207-B Center at a depth of 5 5 to 7 feet 
(6 83 pCi/g) The most elevated value of radium-226 (1 7 pCi/g) in the historical data set was 
detected in boreholes P209889 located north of the SEP drainage tile outfall in the seep area, 
and in borehole P219189 located in the industrial area west of OU4 northwest of Building 774 
As previously displayed (Figure I1 3 1-56), subgrade soil samples from the SEPs had values 
ranging between 1 1 and 10 67 pCi/g The maxunum concentration was reported from borehole 
46693 immediately below the SEP 207-B North liner from 0 33 to 0 5 feet 

The vertical concentration distribution of the radium-226 indicated that the concentrations 
generally do not decrease as a function of depth below the SEPs, as was noted for other 
radioisotopes The subsurface results indicated that the majority of the elevated concentrations 
of radium (15 out of 24 total detections) were located beneath the SEPs Further, only one 
Phase I RFI/RI detection was not located adjacent to SEPs (44793) The distribution of radium 
is displayed on Figure I1 4 5-16 This figure schematically shows that elevated radium 
concentrations are restncted to areas under and adjacent to the SEPs, however, no concentration 
gradient (neither increasing nor decreasing) was observed 

0 

Strontium-89/90 

Excluding the subgrade samples from beneath the asphalt liners, strontium-89/90 was 
detected at concentrations above the background 95% UCL of 0 54 pCi/g, in nine Phase I 
RFI/RI boreholes and six historical boreholes at various depths, from locations within and 
around the SEPs The strontium concentrations ranged from 0 55 to 0 88 pCi/g in the Phase 
I RFI/RI data set and from 0 60 to 1 10 in the historical data set The greatest result from, 
subsurface samples deeper than 0 6 feet below the surface was from borehole 43193 located on 
the eastern berm of SEP 207-B Center at a depth of 6 to 11 feet (0 88 pCi/g) The most 
elevated value of strontium (1 1 pCi/g) in the historical data set was detected in boreholes 3987 
and SP1087, located northeast of SEPs 207-B and north of the northwestem comer of SEP 207- 
A, respectively As previously displayed (Figure I1 3 1-57), subgrade soil samples from beneath 
the SEPs had reported values ranging between 0 557 and 1 094 pCi/g The maximum 0 
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concentration (1 094 pCi/g) was reported from borehole 46893 mediately below the SEP 207- 
B Center h e r  from 0 4 to 0 6 feet Twelve other samples taken from mediately beneath the 
SEPs liners had results of h s  magmtude 

The vertical distnbution of strontium indicated that the concentrations generally decrease 
as a function of depth below the SEPs The subsurface results indicated that the majority of the 
elevated concentrations of strontium (10 out of 12 total detections) were located beneath the 
SEPs, the remaung detections occurred adjacent to the SEPs The distnbution of strontium is 
displayed on Figure I1 4 5-17 This figure schematically shows that elevated strontium 
concentrations are restncted to areas under and adjacent to the SEPs 

Cesium-134 and Cesium-137 

Cesium-134 was not detected above the detection lunit in Phase I WI/N data, the 
historical data, or the subgrade samples Cesium-137 was detected above the detection limit 
twice in the Phase I RF'I/RI data set, four tunes in the historical data set, and five times in the 
subgrade soils samples No maps showing the distnbution of either cesium isotope were 
prepared of the Phase I RFI/RI or histoncal data set due to the limited number of detections 
Distnbution of Cesium-134 and Cesium-137 of the subgrade soil samples were previously 
presented in Figures 11 3 1-53 and 53, respectively A bnef summary of the occurrences of 
cesium-137 is presented below 

Cesium-137 was detected above the background 95% UCL of 0 166 pCi/g in boreholes 
41793 (0 42 pCi/g) and 43793 (0 40 pCi/g) at depths of 0 to 5 and 0 to 6 feet, respectively 
Borehole 41793 is located on the eastern berm of SEP 207-B North, and borehole 43793 is 
located on the eastern berm of SEP 207-A Cesium-137 was detected in the historical boreholes 
P218389 at 0 to 2 9 feet (0 5 pCi/g) and at 2 9 to 10 5 feet (0 3 pCi/g), and in borehole 
P219489 at 0 to 3 feet (0 22 pCdg) and P210289 at 0 to 3 feet (0 3 pCi/g) Borehole P218389 
is located in the eastern portion of the bone yard, borehole P219489 is located southern portion 
of the bone yard, and borehole P210289 is located on the northeastern berm of SEP 207-B 
south 

Tritium 

Tritium was reported above the background 95% UCL of 212 2 pCi/L in 33 Phase I 
RFI/RI boreholes and six historical boreholes at various depths The tritium concentrations 
ranged from 277 to 62,000 pCi/L in the Phase I RFI/lU data set and from 220 to 7,430 pCi/L 
in the historical data set The maximum concentration was reported from borehole 43393 
located in the southwestern quarter of SEP 207-A, at a depth of 4 to 7 6 feet All the Phase I 
RFI/RI tritium sample results of this magmtude (tens of thousands) were from samples collected 
beneath the SEPs Tritium sample results of a lesser magnitude (thousands and hundreds of 
pCi/L) were reported from widespread areas within OU4, including areas north of the SEPs and 
outside of the PA The most elevated tritium sample result (7,430 pCi/L) in the historical data 
set was detected in borehole P218389, located in the eastern portion of the bone yard As 
previously displayed (Figure I1 3 1-58) show the distribution of the subgrade soil samples that 
range in reported concentrations from 2,044 to 50,300 pCi/L 0 
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The vertical distnbution of tntium indicated that concentrations generally decrease as a 
function of depth below the SEPs The subsurface analytical results indicate that the majority 
of the elevated concentrations of tntium (63 out of 101 total detections) were located beneath 
the SEPs, and that the remamg detections occurred adjacent to or north and downgradient of 
the SEPs The stratigraphc distnbution of tntium is displayed on Figure I1 4 5-18 This figure 
schematically shows that elevated tntium concentrations are restricted to areas under and 
adjacent to the SEPs 

II.4.5.4 Nitrate/Nitrite and Cyanide 

I Of the large number of inorgamc chemicals analyzed for during the Phase I RFI/RI, only 
mtrate/mtrite and cyamde were detected at statmcally significant concentrations in the 
subsurface and are considered to be PCOCs The tables m Appendix I1 2 list the samples that 
contained these analytes above the background 95% UCL limit 

Nitrate and Nitrite 

Nitrate and mtrite concentrations were detected in subsurface samples above the 
background 95% UCL of 7 1 mg/kg in 34 Phase I RFI/RI boreholes at various depths 
Nitratehtrite concentrations ranged from 7 13 to 6,100 mg/kg in the Phase I RFI/RI data set 
The maxmum concentration was reported from borehole 42193, located in the northwestern 
portion of SEP 207-A at a depth of 0 5 to 4 feet Other samples collected from beneath the SEP 
h e r s  (at SEPs 207-A, 207-B North and Center) consistently displayed results of this magnitude 
The only exception was borehole 40993, located north of SEP 207-C, where samples of this 
magmtude were also collected Samples collected from areas north of the SEPs (both inside and 
outside of the PA) and east of the SEPs (in the bone yard) had nitrate/nitrite results in the tens 
or hundreds of mg/kg Elevated mtratejmtrite levels of 387 mg/kg (borehole/location 40593) 
and 142 mg/kg (borehole/location 40193) were reported from deeper bedrock material in the 
buffer zone The samples from the buffer zone were taken from the same locations as those 
where elevated tritium levels were observed 

~ 0 

The vertical concentration distnbution of the nitrate/nitrite indicated that the 
concentrations generally decrease as a function of depth below the SEPs, and drop off 
considerably at a depth correlative with the saturated zone The vadose zone soil results 
indicated that the majority of the elevated concentrations of rutratehitrite are located beneath the 
SEPs This figure 
schematically shows that elevated mtratehtrite concentrations are restricted to areas under and 
adjacent to the SEPs, and that concentration levels generally decrease with depth 

The distnbution of mtrate/nitrite is displayed on Figure I1 4 5-19 

Cvanide 

Cyamde contamination above the detection limit was reported in 15 Phase I RFI/lU 
boreholes at various depths The highest concentrations were located beneath the northern half 
of SEP 207-A (boreholes 42193, 43 pg/g, and 41593, 16 2 pg/g) and the center of SEP 207-B 
North (borehole 46793, 30 7 pg/g) Concentrations of 4 26 pg/g (borehole 40593) and 2 68 
pg/g (borehole 40193) were detected in bedrock in the buffer zone The extent of cyanide in 0 
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the subsurface is shown on Figure I1 4 5-20 The most extensive occurrence of cyamde is found 
at depths between 0 and 6 feet below ground level (bgl) in the areas beneath SEPs 207-A and 
207-B North Cyamde occurs at deeper depths in the northeast comer of SEP 207-B North 
(between 6 and 12 feet bgl) and at two borehole locations (at depths greater than 12 feet bgl) 
situated along the northern boundary of OU4 

II.4.6 Summary of the Nature and Extent of Contamination 

This section provides a synopsis of the previously presented surfkial and vadose zone 
soil analytical data 

11.4.6.1 Surficial Soil Contamination Summary 

The distnbution of the metal PCOCs (beryllium, cadmium, calcium, mercury, silver, and 
sodium) in surficial soils indicates that the SEPs are likely to have been sources for these metals 
Surficial metal contamination may have been the result of aerosol dispersion of contaminated 
SEP liquids or overtoppmg of the SEPs The dramage tile between SEP 207-A and the 207-B 
SEPs appears to have discharged contammants to the hillside north of the SEPs 

The analyses of surficial soil samples consistently indicated that the most elevated 
concentrations of metal contaminants occurred on or adjacent to the SEP berms This is 
suspected to be the result of aerosol dispersion of SEP liquids, particulariy from SEP 207-A, 
and subsequent accumulations of metals on surfaces in contact with SEP liquids The drainage 
tile located between SEP 207-A and the 207-B SEPs provides a conduit for the discharge of 
metals, either in solution or as suspended particulates, to the hillside north of the SEPs The 
occasional incidence of elevated metals in the seep areas north of the SEPs were attributed most 
ldcely to the local accumulation of metals transported in ground water that discharges to the 
ground surface 

Elevated metal concentrations in surficial soils also occurred sporadically in outlying OU4 
areas, particularly in the bone yard east of the SEPs and north of the SEPs on the OU4 hillside 
The bone yard area has been used extensively for the storage of discarded or used material and 
equipment at various tunes These contaminants may have been transported and deposited by 
wind dispersion 

The sporadic distribution of SVOCs in suficial soils and their absence in vadose zone 
soils suggests that these contaminants are not related to waste management practices at the SEPs 
The SEPs have been lined and re-lined on several occasions with asphaltic material, and the 
staging of asphaltic construction materials or operation of a "hot-mix" batch plant may have 
contributed to the isolated sources of polycyclic aromatic hydrocarbon contamination 

Additionally, isolated point sources, such as leakage of hydrocarbon compounds from 
vehicles, were likely contributors or sources for polycyclic aromatic hydrocarbons in surficial 
soils The presence of polycyclic aromatic hydrocarbons in surficral soils in and adjacent to the 
seeps north of the SEPs suggests contamination origination from fluids passing through the 
asphalt liners of the SEPs These fluids subsequently drained through the thin alluvial cover 
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under the SEPs and continued north along the alluvial-claystone m resurfacing at the seeps 
bedrock contact before 

The distnbution of the radionuclides in surficial soils indicates that surficial contamination 
on the SEP berms and nearby may have resulted p m m l y  from aerosol dispersion of SEP 
liquids or SEP overtopping 

Nitrate and mtrite has also been released from the SEPs Although considered a highly 
mobile iomc species, mtrate is concentrated in the surficial soils proximal to the SEPs The 
PCB aroclor- 1254 does not display a distnbution pattern consistent with contaminant migration 
from the SEPs 

11.4.6.2 Subsurface Contamination Summary 

The extent of the metal PCOCs in the subsurface was more limited than in the sufiicial 
soils, however, the general distnbution is smilar Metal contaminants detected in the subsurface 
occurred predominantly in the m e d i a t e  vicimty of and beneath the SEPs With the exception 
of bmum and zmc, concentrations of metal contaminants generally decreased with depth The 
distnbution of metals in the subsurface indicates that metals have entered the vadose zone from 
SEP liner breaches and were subsequently sorbed onto the soil matrix Elevated metal 
concentrations 111 vadose zone soils also occurred at the outfall of the drainage tile on the hillside 
north of the SEPs The source of the liquids drained by the tile is suspected to be the SEPs, 
particularly SEP 207-A, where liquid releases were partially captured by the drainage tile and 
discharged to the hillside Sporadic locations of elevated metals concentrations in vadose zone 
soils also occur elsewhere in the OU4 area, particularly in the bone yard east of the SEPs 
Elevated contaminants in this area are most likely related to past storage activities rather than 
to SEP waste management practices 

0 

Only the VOCs toluene, acetone, and methylene chloride were detected at significant 
frequencies Although toluene was frequently detected, the results of the duplicate sample 
evaluation (Section I1 3 6) indicates that the analyses for toluene were not accurate or precise 
The pervasive distribution of toluene in the subsurface at low levels indicates that external 
factors, such as cross-contammation dunng sampling or analysis, may have been responsible for 
the identification of toluene in samples Acetone and methylene chloride were detected in 
equipment rinsate and laboratory blanks, which also suggests that these VOCs were introduced 
during sampling and laboratory activities The ubiquitous distribution of contamination from 
bis(2-ethylhexy1)phthalate and other phthalates at low concentrations throughout OU4 and 
elsewhere at the WETS also indicates that the source of these compounds may be sampling- or 
laboratory-introduced contamination 

The distribution of radionuclides beneath the SEPs indicated that concentration levels 
generally decreased with depth With the exceptions of ura~um-233/235, uranium-238, gross 
beta radiation sources, and tritium, the presence of radionuclide contaminants is generally 
restricted to areas beneath the SEPs and the drainage tile outfall area north of SEP 207-A and 
SEP 207-B North The exceptions listed are found beneath the SEPs, and north, downgradient 
of the SEPs at seeps within the PA and further downslope (north) of the PA in the buffer zone 0 
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I Further, the distnbution of tritium m the buffer zone indicates that ground water has been a 
probable migration pathway for mobile analytes released from the SEPs 0 

The distnbution of mtrate m the subsurface in OU4 suggests that mtrate has a distribution 
pattern smilar to that of tntium and that concentrations decrease with depth Cyamde is present 
beneath SEP 207-A, north of the drainage tile outfall area, and north of SEP 207-C at shallow 
depths (0 to 6 feet) Cyamde is also found pervasively throughout the vadose zone beneath the 

SEPs III the buffer zone 
, northeastern portion of SEP 207-B North, and at depth (greater than 12 feet) northeast of the 
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I TABLE II.4.3-1 

SURFICIAL SOIL POTENTIAL CONTAMINANTS OF CONCERN 
AND CALCULATED BACKGROUND CONCENTRATIONS 

Potential Contaminant of Concern 

Amencium-241 (pCi/g) 
Cesium-134 (pCi/g) 
Gross alpha (pCi/g) 

Tntium (pCi/L) 
Urmum-233,234 (pCi/g) 
Urmum-235 (pCi/g) 
Uramum-238 (pCi/g) 

Plutomum-239,240 (pCi/g) 

Beryllium (mg/kg) 
Cadmium (mg/kg) 
Calcium (mg/kg) 
Mercury (mg/kg) 
Nitrate/Nitnte(mg/kg) 
Silicon (mg/kg) 
Silver (mg/ kg) 
Sodium (mg/kg) 

Benzo(a)anthracene (ug/kg) 
Benzo(a)pyrene (ug/kg) 
Benzo(b)fluoranthene (ug/kg) 
Benzo(g h1)perylene (ug/ kg) 
Benzo( k) fluoranthene (ug/kg) 
Bis(2-ethylhexy1)phthalate (uglkg) 
Chrysene (ug/kg) 
Di-n-butyl phthalate (ug/kg) 
Fluoranthene (ug/kg) 
Indeno( 1,2,3-~d)pyrene (ug/kg) 
Phenanthrene (ug/kg) 
Pyrene (ug/kg) 
Aroclor- 1254 (ug/kg) 

125 wpf 

Calculated Background 
95% Umer Confidence Lmit 

0 027 
ND 

22 9 
0 062 

ND 
1 22 
0 09 
1 27 

0 92 
064 

8282 95 
0 03 
1 11 

202 7 
0 58 

165 4 
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TABLE 11.4.3-2 

SUBSURFACE SOIL AND BEDROCK POTENTIAL CONTAMINANTS OF CONCERN 
AND CALCULATED BACKGROUND CONCENTRATIONS 

Calculated Background 
95% UDDer Confidence Limit Potential Contaminant of  Concern 

Amerrcium-241 (pCi/g) 
Cesium-134 (pCi/g) 
Cesium-137 (pCdg) 
Gross beta (pCi/g) 

Radium-226 (pCi/g) 
Strontium-89,90 (pCi/g) 
Tntium (pCi/L) 
Uran1um-233,234 (pCi/g) 
Urmum-235 (pCi/g) 
Urmum-238 (pCi/g) 

PlutoIllum-239,240 (pCi/g) 

Barium (mg/kg) 
Cadmium (mg/kg) 
Calcium (mg/kg) 
Lithium (mg/kg) 
Manganese( mg/ kg) 
Nitrate/Nitrite (mg/kg) 
Potassium (mg/kg) 
Sodium (mg/kg) 
Sulfide (mg/kg) 
Zinc (mg/kg) 

2-butanone (ug/kg) 
Acetone (ug/kg) 
Bis(2-ethylhexy1)phthalate (ug/kg) 
Chloroform (ug/kg) 
Di-n-butyl phthalate (ug/kg) 
Methylene chloride (ug/kg) 
Toluene (ug/kg) 
Cyanide (mg/kg) 

I1 4-32 

0 01 
ND 

0 166 
27 99 
0 02 
0 65 
0 54 

212 2 
0 53 
0 1  

0 63 

93 87 
2 3  

7781 79  
83 2 

190 5 
7 1  

1562 86 
2720 

43000 
23 64 

-- 
-- 
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II.5 CONTAMINANT TRANSPORT AND FATE 

II.5.1 Introduction 

An understandmg of the transport and fate of potential contarmnants m the surficial and 
vadose zone sods and pore waters is unportant in determmng the intern remedial action 
alternatives for OU4 The mobility and persistence of contammnts withm the vadose zone are 
affected by the physical and chemical propemes of the contaminant and media, the release 
m e c h s m  of a contarmnant to a potential mgration pathway, the migration rate, and the type 
and rate of contammint degradation, retardation, or transformation dunng transport The 
complex transport and fate mteractlons m the vadose zone govern the potential for a contaminant 
release to ground water at OU4 and define baseline cntena for intern remedial actions 

Although not an objectlve of the OU4 Phase I RFI/RI Work Plan, the processes that 
affect contammint transport and fate at OU4 are discussed in h s  section The discussion 
presented is based on the currently developed conceptual site model of vanably-saturated vadose 
zone flow, the distnbution of potential contammnts in the suficial and vadose zone soils, and 
the probable contamlnant release pathways identified at OU4 durmg the Phase I RFI/RI 
Contammt fate and transport discussions presented in this section may be superseded by data 
and results developed dunng the OU4 Phase I1 RFI/RI 

Physical, hydraulic, and chemical characteristics of the vadose zone were previously 
discussed in Section I1 3 3 The field and laboratory hydraulic parameters determined for the 
vadose zone also were descnbed in Sections 11 3 3 and I1 3 5 The distribution and extent of 
potential vadose zone contaminants at OU4 were discussed in Sections I1 3 2, I1 3 3,  I1 3 4, 
I1 4 4, and I1 4 5 These descnptions of the media characteristics and Contaminant distributions 
form the basis for the conceptual site model described in Section I1 5 3 

II.5.1.1 Contaminant Sources 

The pmary  source of contammts at OU4 were the process fluids and sludges piped 
to the origml and existmg evaporation ponds for storage and treatment Liquids and sludges 
have been contamed m the ongmal or existing evaporation ponds since approxunately 1953, and 
include the introduction of both treated samtary wastewaters from the plant and ground water 
pumped back from the ITS The remaimg liquids and sludges in SEPs 207-C and 207-B South 
are currently potential contammint sources However, the liquids and sludges are currently 
being removed from these ponds as part of the closure process 

Other sources of contaminants in soils at OU4 include potential leakage from original 
process waste lines (OPWL), infiltrating surface water, upgradient contaminated ground water, 
and aerosol (wind) dispersal and deposition These contaminant sources are part of the 
upcommg OU4 Phase I1 RFI/RI and OU9 investigations and are not considered in this evaluation 
of contaminant transport and fate However, these contaminant sources may be locally important 
at OU4 
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Waste liquids and sludges placed m the SEPs were contammated prunanly with process 
metals, radionuclides, mtrates, and major cations and mons The process metals and 
radionuclides are mmor contammnt constituents m the liquid phase Nitrate, major cations and 
mons, and total dissolved solids are the predormnant contarmnant constituents present m these 
liquids and sludges Orgamc compounds, although present as demonstrated by chemical analyses 
of the pond sludges and liquids (Weston, 1991), are not a signrficant component of the waste 
streams disposed m the evaporation ponds 

The evaporation ponds may be conceptuallzed as mixmg vessels, open to the atmosphere, 
m whch the solids concentration is mcreased through evaporation of water to form a sludge 
The sludges are composed of crystalline wastes, algae, and sedunents The liquids and sludges 
m the evaporation ponds undergo changes in chemistry through the mlxture of cations, amons, 
and suspended solids These reactions are complicated by the evaporative process combined 
with penodic dilution by ramfall and snowmelt, volatillzation, photochemical reactions, and 
microbiological activity These processes transform both the liquid and solid chemical 
composition mto additional dissolved and complexed chemical constituents that can potentially 
be released to the vadose zone by leakage and wind dispersal Leakage of fluids from the SEPs 
to the vadose zone beneath the ponds appears to have been the predominant release mechamsm 
at OU4 

II.5.1.2 Affected Media 

Both OU4 surficial and vadose zone soils have been affected by SEP releases In 
addition, surface and ground water, wind, and anthropogemc processes also may have dispersed 
potential contaminants from the SEPs as well as from the industrial area to OU4 The additional 
contammint pathways will be evaluated in the OU4 Phase I1 RFI/RI General references to 
these pathways as possible contammint transport mechmsms at OU4 are included in the 
following discussion of contammint fate and transport, however a detailed discussion of their 
unportance is not mcluded The Phase I1 RFI/RI report will provide a detailed discussion of the 
unportance of these additional contammint transport pathways 

II.5.1.2.1 Surficial Soils 

The surficial soils affected mclude soils adjacent to the SEPs as well as soils located on 
the hdlslope north of the SEPs These soils were p m m l y  contaminated by surface spills, pond 
overtopping, deposition of wmd-blown aerosols derived from the ponds and particulate matter 
generated durmg past fires, residual debris remaimg after pond repair and decommissioning, 
anthropogemc dispersion, and discharge of dram lines and contaminated ground water seepage 
to the north hillslope 

Contaminants detected in the surficial soils include the process metals, radionuclides, and 
rutrates Semivolatile organic compounds occur sporadically in surfkial soil samples, but their 
spatial distribution is irregular and localized Aroclor-1254 was also detected in surficial soils, 
but most of those samples were collected outside the OU4 boundary east of the 207-B series SEPs 
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Contammts present m the affected suficial soils may be transported to and mobilrzed 
m the vadose zone via lnfltration and percolahon of precipitation or leakage and soil-moisture 
redistnbution from the SEPs Mobillzatron of d i c i a l  sod contamrnants may also occur via 
surface water runoff, as alrborne fugitive dust, or through traclung by humans, d s ,  and 
vehlcles Transport of these contammnts is controlled by the chemical nature of the 
contammts, particulate sne and occurrence, wlnd speed and direction, and rate of infiltration 
and subsequent percolation through the vadose zone 

l 

II.5.1.2.2 Vadose Zone Soils 

The vadose zone is defined m this report as the subsurface mterval between the ground 
surface and the uppermost ground water table The vadose zone includes geologic matenals 
consistmg of the RFA, colluvium, valley fill alluvium, disturbed materials, and artificial fill 
matenals Bedrock strata of the Arapahoe Formation may also be included in the vadose zone 
where the water table is below the top of bedrock Because the ground water table fluctuates 
seasonally, the tluckness of the vadose zone also vanes seasonally The thickness of the vadose 
zone is least in the spmg when the ground water table is at its lughest elevation The greatest 
thickness of the vadose zone generally is during the late summer and fall when ground water 
levels are at thelr lowest elevation The vadose zone thickness determined dunng this 
mvestigation vanes from about zero at seep locations on the northern hill slope to about 20 feet 
north of SEP 207-C and m the area of the ITS 

Contammnts detected in the vadose zone soils are similar to those found in the suficial 
soils with the exception of semivolatile orgaruc compounds that were not detected in the vadose 
zone soils The distnbution of the contammnts in the vadose zone generally appears to be 
concentrated beneath the SEPs or in adjacent soils 

a 
Release of contamlnants to the vadose zone soils appears to have occurred pnmanly by 

leakage from the SEPs to the subsurface The irregular distribution pattern of contamlnants in 
the vadose zone soils suggests that migration occurred prvnanly from percolation and migration 
in areas of pond h e r  breaches, overtopping areas, and possibly subsurface pipeline releases 
Release rates were probably lughest to the vadose zone soils while the ponds were in operation 
because the liquid level 111 the SEPs provided a sigmficant driving force (head) for leakage 

II.5.1.3 Potential Migration Pathways and Transport Processes 

Suficial and vadose zone soils are the prunary hosts for contaminants and the principal 
pathways for contaminant migration in the vadose zone at OU4 Contaminants present in 
suficial and vadose zone soils have the potential to be mobillzed by percolation, leaching, and 
soil-moisture redistribution from these soils, through the vadose zone, and to be released to the 
shallow water table present as the Upper HSU beneath the site The contaminants are subject 
to a variety of potential sorptioddesorption and leaching processes involving infiltrating water 
from the surface Contaminants with high aqueous solubilities are most susceptible to leaching, 
while contaminants with an affimty for sorptive solid phases are generally retarded in the vadose 
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zone and exhlbit low mobility In areas where the vadose zone soils are thxk or where alluvnun 
ground water does not OCCLU, the vadose zone soils may act as a natural b m e r  to migrahon 
Other less mportant transport mechamsms at OU4 lnclude surface water erosion, dissolution, 
runoff, wmd erosion and transport of aerosols and fugitive dust, and anthropogemc transport 
These transport processes were not mvestigated dumg the Phase I W I / N  and are not discussed 
further m thls section 

e 

II.5.2 Contaminant Behavior, Mobility, and Fate 

The chemical characteristics of the contammts, the physical and chemical properties 
of the site soils, and the vadose zone flow system control contaminant behavior, mobility and 
fate A discussion of the environmental charactenstics that influence contamrnant mobility is 
presented m Sechon I1 5 2 1 General charactenstics of the pmcipal contaminants at OU4 are 
descnbed 111 Section I1 5 2 2 Specific chemical properties of radionuclides, mtrates, process 
metals, and orgmc compounds that control their behavior, mobility, and fate in subsurface 
envlronments are discussed m Sections I1 5 2 2 1 through I1 5 2 2 4 

II.5.2.1 Environmental Characteristics that Influence Mobility 

The mobility of compounds m the subsurface is determined by a complex interaction 
between the mherent physical and chemical properties of the contaminant and the soil matruc, 
soil pore water, and gases contamed in pore space between soil particles Soil characteristics 
affectmg conshtuent transport in the vadose zone can be categorued into physical and chemical 
components Physical properties of the soil affectmg Contaminant mobility include permeability, 
porosity, degree of saturation, and temperature Some of the chemical properties affecting 
mobility include pH, redox potential, ion exchange capacity, clay content, total orgamc carbon, 
and concentrations of major and minor ions and gases (Maidment, 1992) 

(I) 

Based on these properties and the physical and chemical characteristics of the 
contaminant, a vmety of processes may occur which affect mobility Some of these include 
sorption (adsorption and absorption), desorption, capillary retention, biodegradation, radioactive 
decay, precipitation, dissolution, complexation, volatilmtion, acid-base reactions, hydrolysis, 
and redox reactions In combmation with these processes, movement of compounds through the 
vadose zone is dnven by diffusion in response to molecular concentration gradients, dispersion 
m response to heterogeneities m the permeability of the soils, and/or advection-type movement 
with the soil-moisture redismbution m response to hydraulic gradients (Maidment, 1992) In 
addition, fluctuations in the ground water table also affect physical and chemical conditions in 
the vadose zone and contaminant transport These fluctuations are especially apparent on a 
seasonal basis at WETS (Rockwell, 1988c) 

For the purposes of this discussion, the prunary concern is whether the PCOCs will 
remain in the vadose zone soils or dissolve in pore water and migrate to the shallow water table 
Transport to the water table relies on chemical factors that promote constituent solubility, 
physical properties that influence sorption and capillarity, and flow conditions that allow water 
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contammg the dissolved constituents to move ummpeded The followmg discussion focuses on 
the chemical conditlons influencmg solubility rather than establishmg the actual rate of 
movement based on the geologic and hydraulic properties of the vadose zone The descnption 
of the relevant sod charactenstlcs (provided below) mfluencmg mobility in the SEP area is 
based on mformation provided rn Section II 3 3 Subsequent discussion in Section I1 5 2 2 
focuses on the lnteraction of these soils with the general PCOC chemical groups found at OU4, 
mcludmg radionuclides, mtrates, process metals, and orgamc constituents 

Geologic Charactenstics 

Vadose zone geologic charactenstics in OU4 were determined dunng RFI/RI site 
charactemtion activities, including dnllmg of boreholes and piezometers and analysis of the 
lithologic and hydrologic data (Rockwell, 1988c, DOE, 1994) The surficial materials on the 
pedunent where the ponds are constructed is predommntly composed of RFA The alluvium 
consists of poorly sorted, unconsolidated clay, silt, sand, and gravel deposits These deposits 
are mildly calcareous and weakly cemented in places On the hill slopes descending to North 
and South Walnut Creeks, colluvial matenal exists, consistmg predominately of clay with 
common occurrences of sandy clay and gravel Much of the soil surrounding the SEPs has been 
disturbed and is generally descnbed as unconsolidated clay, silt, sand, gravel, and pebbles 
(Rockwell, 1988c, DOE, 1994) These disturbed areas may have soils with higher permeability 
than the native soils The clay that exists in each of these geologic umts has the effect of 
decreasmg soil porosity and permeability, thus reducing the hydraulic conductivity of the soils 
and the rate of contaminant transDort 

Hydraulic Charactenstics 

The native soils present at the surface and in the subsurface of OU4 generally have low 
saturated permeabilities, ranging between lo5 and 10" c d s ,  because of their poor sorting and 
clay content Areas where the native soils have been disturbed by excavation or construction 
activities may have lugher saturated permeabilities because these soils may be less compacted 
or of different composition and texture Because of the poorly sorted soils beneath the SEPs, 
umform lntergranular moisture flow through the vadose zone soils does not readily occur The 
pnmary percolation pathways may be through macropores and disturbed soil areas present in the 
subsurface (Rockwell, 1988c) These soil charactenstics have the effect of channeling water or 
contammnts vertically and laterally through preferred pathways in the soil, leaving some area 
unaffected by either the diltrating water or contaminant release These preferred pathways may 
result in locallzed areas of increased contaminant mobility as well as adjacent soils that are 
essentially unaffected by the percolating water The clays present in the soils may llmit 
contaminant mobility through cation exchange or sorption More conservative contaminants such 
as mtrate will not be retarded by sorptive processes Nitrate present in less permeable soils will 
be readily available for leaching and transport, but may leach at slow rates because of the low 
saturated permeabilities 
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Chemical Charactenstm 

Chemcal charactenstics of the RFA as presented m Section I1 3 3 6 mdicate that these 
clayey sods have a moderately hlgh caQon exchange capacity (30 meq Na/100 g), average 
electncal conductivity typical of moderately saline soils, and sparse total orgmc content (0 01 
percent to 140 percent) Pore water analysis of pH ranged between 7 and 8 5, with the 
exception of one isolated pH measurement of 12 near SEP 207-C Thls pH range mdicates only 
slightly alkalme soil These chemcal charactenstw of the soil have varying mpacts on the 
mobilities of the different PCOC groups The unplications of these soil chemml characteristics 
will be discussed with each PCOC group below 

II. 5.2.2 Contaminant Characteristics 

Because of the complex mteraction between the factors mfluencing chemical mobility, 
it is often difficult to predict the precise envlronmental fate of a given compound However, 
compounds of smllar chemical nature can be grouped or classified and their overall fate can be 
predicted on the basis of one or two predominant charactenstics Table I1 5 2-1 lists the PCOCs 
m addition to relevant physical and chemical properties that influence mobility The parameters 
summanzed in the table are descnbed as follow 

I .  

36 wpf 

w Solubility values listed m the table are provided at a specific temperature and pH 
Because the solubility of many compounds is pH and temperature dependent, thls 
value does not completely descnbe the overall mobility Rather, solubility must 
be exammed in combmation with soil matm charactenstics The table values 
may be used to Judge relative solubilities between compounds 

. The Henry’s Law Constant provides a measure of the extent of chemical 
partitiomng between a r  and water at equilibrium and is directly related to the 
compound’s vapor pressure The hlgher the Henry’s Law Constant, the more 
llkely a chemical is to partition mto the gaseous phase from the water phase 
Compounds with values greater than atm-m3/mol are generally regarded as 
bemg volatde 

0 K, is a measure of the partitiomg between soil orgamc carbon and water at 
equilibnum Sunilarly, KW is the partitiomg between octanol (an orgamc 
compound used as a surrogate for lipids) and water The greater the K, and Kw, 
the greater the propensity to partition to the soil orgamc fraction rather than 
water 

w The half-life provides an overall measure of the persistence or fate of a compound 
m the soil matrlx by evaluating rates of the most unportant degradation pathway 
In soil, the most common processes are biodegradation, radioactive decay, and, 
for lmited compounds, hydrolysis Hydrolysis only applies to a llmited number 
of chemicals that have a hydrolyzable group such as esters, aliphatics, halogens, 
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amides, W ~ O M ~ ~ S ,  and phosphate esters (Howard et al , 1991) Biodegradation 
is considered to be rapid if the half-life is between 1 and 7 days, moderately fast 
between 7 and 28 days, slow between 28 and 180 days, and resistant to 
biodegradation if greater than 180 days (Howard et a1 , 1991) 

II.5.2.2.1 Radionuclides 

Urmum, plutomum, and amencium are the three actmdes with unstable isotopes 
(radionuclides) of pmary  mterest at OU4 In addition, tntium, one of the radioactive isotopes 
of hydrogen, is also of concern The mobility of these radionuclides in the vadose zone is an 
lmportant and lughly complex aspect of a fate and transport analysis As for most contaminants, 
but especially for actimdes, theu mobility in a porous media with any degree of water saturation 
must be thought of m terms of a three-phase (minunally) system These three phases include 
the stationary solid mmeral and orgamc matter phases of the vadose zone soils, the pore water 
aqueous phase, and the mobile solid phases in the form of suspended matter (particles and 
especially colloids) within the aqueous phase Partitiomg of contaminants between these phases 
is a function of thelr dissolved (solute) stability in the aqueous phase as controlled by pH, 
effective redox conditions, stability of contaminant complexes, concentration of complexing 
ligands, and solute affmty for the other two phases Transfer of contaminants from the aqueous 
phase to either solid phase is controlled by the overall chemical environment of the aqueous 
phase (pH, iomc strength, etc ), the tendency of aqueous solutes to form polymers (wluch act 
as suspended solids), adsorption and desorption equilibnum and kmetic processes, the 
mineralogy and surface charactenstics of the stationary or mobile (colloid) solids, and 
competition for available sorption sites between contaminants and non-contammants One 
additional complexity is the physical stability of the mobile solid (with any associated 
contammnts) relative to the stationary solid phase wluch is, in part, a function of flocculation 
or aggregation of suspended particles Kun (1991), Dearlove et a1 (1991), and others discuss 
the potentially cntical lmportance of mobile solid (colloid)-facilitated transport of actmdes and 
the senous underestmaoon of the mobility of these contammints which can result from colloids 

, 0 
l 

Uramum 

Uramum is a multivalent actmde, but in surface and near-surface environments, the 
predominant aqueous form is U(V1) (uranyl) Slmilarly , typical secondary uranium solids are 
U(VI) The specific dissolved form of urmum is strongly dependent on the availability of 
complexmg ligands, especially C03', PO:', and F', because formation constants of U(V1) 
complexes with these ligands are much larger than those of the hydroxide complexes These 
complexes are neutral or momc (Langmuir, 1978) for the pore water conditions expected 
beneath the SEPs Llmited geochemical equilibrium modeling (SOLMIN88) using a ground 
water sample from well p208989 as a surrogate for sub-pond pore waters predicted that the vast 
majonty of dissolved uramum is present as a neutral uranyl carbonate (UO,CO,o) complex The 
next most abundant complex is U02(HP0,):- 

36 wpf e I1 5-7 
OW4 Proposed IMlIRA EA Decision Document 

February 10 1995 



Sorption of uranyl onto amorphous Iron(1n) oxyhydroxides is known to be a potentially 
sigmficant factor m uranyl mobility Hsi and Langmuir (1985) show that for near-neutral pHs 
of 6 to 7, and total dissolved carbon (smilar to €208989 water) uranyl sorption on surfaces 
is very effectwe However, at lugher pH values and total dissolved carbon (TDC) of loz to 
molar, uranyl sorption on Eon (III) oxyhydroxides is far less efficient and almost negligible 
(Hsi and Langmulr, 1985 ) It should be noted that lysuneter pore water pHs ranged between 
7 and 9 and occasionally lugher Modeling also predicted that rutherfordme (UOzC03(s)) is near 
saturation m €208989 ground water Although it is unllkely that rutherfordine would exist as 
an mdependent solid, Ws suggests the possibility of coprecipitation with calcite and/or the 
formation of a solid solution on caliche surfaces 

Urmum mobility m the m e d i a t e  vicimty of the SEPs will be strongly affected by pH 
and the presence and concentration of old process waste in pore waters because it lmits the 
availability of complexmg ligands for uranyl Onginal wastes were very acidic and neutralized 
wastes were very alkalme The combination of abundant complexing ligands (e g , C03', PO:-) 
and low or lugh pH may serve to severely lmit attenuation of uranyl by sorption processes 

Plutomum 

Plutomum, llke urmum, is a multivalent actmde but, unllke uramum, more than one 
oxidation state is common m the natural aqueous environment and current understanding of their 
stability ranges is mcomplete Plutomum may be umque m its ability to coexist in four oxidation 
states in a smgle aqueous solution (Cleveland, 1979) Pu(II1) and Pu(1V) are regarded together 
as the reduced forms of plutomum and have been studied as Pu (II1,IV) (Hamilton-Taylor et a1 , 
1993, Watters, 1983, and Cleveland, 1979) For natural waters, Pu(II1,IV) should predominate 
in most ground waters or non-oxygenated (reduced) environments Pu(II1, IV) should 
predommte in moderately acidic natural water environments under all redox conditions 
Oxidlzed forms of plutomum include Pu(V) and Pu(VI) Pu(V) should predominate in most 
natural oxygenated waters, whde Pu(VI) is probably only sigmficant in alkaline oxidlzed 
envlronments The subsurface environment of OU4 is llkely to be very complex with respect 
to plutomum because all of the above-mentioned environments have existed and/or contmue to 
exist due to the changmg chemistry of the pond waters and natural vanations in redox conditions 
111 the vadose and saturated zones Cleveland et a1 (1983) acknowledge the great complexity 
associated with plutomum chemistry in the natural environment and cautioned that tests of 
plutomum mobility must be site-specific 

Pu(II1) m solution exists m a d y  as Pu(II1) and is not very llkely to form complexes 
(Cotton and Wilkenson, 1980) Although probably not relevant under ordinary environmental 
conditions, Pu(II1) may have been the predommant form in the early process waste waters placed 
in the SEPs because of the extremely low pH and the fact that mtric acid (a major constituent 
of the waste) has little oxidlzing power below 2 molar (Cotton and Wilkenson, 1980) Upon 
neutrallzation of the pond waters beginrung in 1963, Pu(II1) probably became a non-issue and 
any early pond leakage that may have become trapped in pore waters beneath the ponds was 
probably smilarly neutrallzed by water-rock interaction 
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Pu(IV) IS perhaps the most abundant species of plutomum under the envlronmental 
condibons expected at OU4 P u o ,  whch exists as Pu(IV), is strongly hydrolyzed and is the 
most readlly complexed of all the oxidation states of plutomum It forms complexes m the 
followmg order of preference for umvalent ligands F> NO,' > Cl-, and for divalent ligands 
C0,- > oxalate' > SO,= (based on trends for the actimdes in general, Cotton and Wikenson, 
1980), although little hard data for formation constants exist (Cleveland, 1979) Kun et a1 
(1983) have determmed stability constants for Pu(1V) carbonate complexes and demonstrated 
thew existence above pH 8 Pu(1V)-CO,' complexes are also suggested by the work of Sanchez 
et a1 (1985) Nash and Cleveland (1983) have tabulated stability constants for Pu(II1 and 1V)- 
SO4' complexes In the pond waters and hgh mtrate pore and ground waters, Pu(IV)-NO{ 
complexes may exist The tendency of Pu(1V) to complex also enhances its association with solid 
phases via sorption and makes it the predormnant redox form in sedunents and on orgamc 
matter It is also possible that plutomum is sorbed as Pu(V) or Pu(V1) and undergoes reduction 
to Pu(1V) on the solid surface (Keeney-Kemcutt and Morse, 1985) Sanchez et al (1985) 
showed that Pu(IV) is strongly and rapidly sorbed to amorphous iron hydroxide (cYFeOOH) 
above pH 2 and at low alkalimties Sorption was not affected by iomc strength, so it should not 
be mfluenced by sunple dilution of SEP waters At very high alkalimties (< 1,000 meq/L) 
Pu(1V) sorption was vmally nonexistent, agam mdicating that aqueous Pu(1V)-CO,= may exist 
but only under extreme alkalmty conditions not relevant to OU4 Hamilton-Taylor et a1 (1993) 
noted that adsorptioddesorption of Pu(II1,IV) was hlghly asymmetric, resulting m desorption 
Kd values up to 36 tunes greater than adsorption retardation (Kd) values for low salimties (< 
1 ,O00 mg/L) Thrs supports the observation that desorption is a slower process than adsorption 
xn the case of reduced plutomum 

A very unportant aspect of pU(IV) chemistry is its strong tendency for polymerization 
under all but the most acidic (< pH 1) conditions (Cleveland, 1979) The resulting polymers 
can range in molecular weight from 4,000 to 10" Daltons and thus are present as colloids over 
at least part of their sue range Formation of Pu(1V) polymers is irreversible or nearly so and 
they increase m sue and stability with tune The presence of these very stable, suspended 
polymers of Pu(1V) largely elunmtes the relevance of complexation, sorption, and iomc 
sorption-based predicuons of Kd values Rather, the issues of retardation, attenuation, and 
source potential of vadose zone soils becomes a matter of physical stability of polymers, polymer 
colloids, polymers adsorbed on other colloids, and polymers adsorbed on stationary solids 
(Stumm and Morgan, 1981) Sunilarly, accurate determmtion of mobile (aqueous phase and 
mobile solkd phase) plutomum concentrations, especially in ground waters, becomes a function 
of how rapidly water is removed from the aquifer environment - excessive rates may increase 
apparent mobile concentrations by removing polymers/colloids from the stationary solid phase 
(McCarthy and Degueldre, 1993) 

pU(V) and Pu(V1) are considered the oxidized forms of plutomum and exist in pure water 
as the dioxy cations Pu(V)02+, and Pu(VI)O:+, respectively, with the former dominating in 
most fresh water and sea water environments Redox stability of the oxidized forms appears to 
be, in part, a solid-state reaction in as much as reduction to Pu(1V) is associated with adsorption, 
although the mechmsm is unclear (Keeney-Kennicutt and Morse, 1985) Pu(VI)O:+ is expected 
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to be analogous to U(VI)O$+ and form carbonate complexes and have srmilar sorption 
charactenstrcs, whde Pu(V)02+ is expected to be less llkely to sorb because of its monovalent 
charge (Cleveland, 1979) However, Sanchez et a1 (1985) demonstrated effectrve but slow 
(relatrve to Pu(1V)) sorption of Pu(V) onto aFeOOH with a sorption edge at pH 4 The 
applicability of the oxidlzed plutomum species to OU4 is not clear, but they might be most 
relevant m the alkalme, oxidlzed SEP waters present after large-scale neutralmtion with caustic 
soda Assurmng either of the oxidlzed plutomum forms predommted m the post-neutralnation 
pond waters, the removal of plutomum from pond leakage via sorption, and hence its Kd, would 
be a function of its complexation with available ligands 

Amencium 

The actmde amencium contrasts with urmum and plutomum because of its singular 
valence state, Am(III), whch predommates over the entire range of natural conditions (Triay et 
a1 , 1991) Thls is due to the large redox potential between Am(II1) and both lower and higher 
valence states (Cotton and Wikenson, 1980) Americium is smilar to the lanthmdes 111 many 
respects and is closely approxmated by Nd(II1) Hydrolysis and complexation of Am(II1) by the 
carbonate ligand is well documented (Nitsche et a1 , 1989, Meinrath and Km, 1991) The 
catiomc complexes Am(III), AmOH" , Am(OH),+ , and Am(CO,)+ predominate in diffenng 
relative amounts below pH 8 5 Above pH 8 5 the momc complex Am(C03); is predominant 
As previously mentioned, U(VI) is only catiomc below pH 5 in the presence of carbonate ligand 
and PU(1V) is probably catiomc only below pH 6 

The maxmum concentration of americium in solution will be controlled by either the 
solubility of a solid Am-bearmg phase or by sorption onto some solid Furthermore, 
concentrations controlled by sorption should be lower than those controlled by the least soluble 
solid Two amencium solids have been identified in the Am-C0,-H,O system (analogous to 
rutherfordme in the U-C0,-H,O system), namely AmOHCO,(s) and hz(c03)3 2H,O(s) (Tnay 
et a1 , 1991), but thelr mimmum solubilities are on the order of to 10e8M or lo7 to 10' 
pCi/L, whde the maxmum 241Am activity 111 OU4 ground waters observed is 0 5 pCi/L and the 
maxmum concentration 111 the pond waters 111 1991 was 5 5 pCi/L This suggests that these 
solids are not controllmg Am(II1) concentrations at OU4 Stammose and Dolo (1990), Tnay et 
a1 (1991), and others have mvestigated the sorption of Am(II1) onto various geologic materials 
and found the hghest Kd values to occur above pH 6 

Effective sorption of amencium does not automatically mply immobility of americium 
K m  (1991) reports the strong, quantitative sorption of Am(II1) to alumina colloids above pH 5 
and the pervasive and reversible sorption onto natural humic colloids in ground water 
Additionally, Am(II1) is reported to form colloids through polymernation in near neutral 
solution, but was found to be less stable than Pu(1V) colloids and tended to sorb onto other solid 
surfaces, includmg natural colloids To the extent that any of these colloidal mobile solid phases 
remain stable in the aqueous phase, the result will be mobility of americium 
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Tntium 

Tntium is a radioactive lsotope of hydrogen that behaves differently than the metal 
radionuclides Except for slight differences m vapor pressure, tritiated water behaves llke 
ordlnary water (Jacobs, 1974) A small fraction may associate with hydrogen-contamng soil 
orgamc compounds or as part of structural hydroxyl groups (Jacobs, 1974, Stewart, 1967) 
However, for the most part, field studies have confirmed that tritium travels at about the same 
velocity as soil pore water and ground water (Brown, 1967), and can be expected to be readily 
transported to ground water 

II.5.2.2.2 Nitrate 

Although mtrate is a naturally-occumng aruon m soil orgmc matter and soil moisture, 
elevated rutrate concentrations are almost always due to anthropogeruc activity In the case of 
OU4, liquids placed m the SEPs are an obvious source of hgh mtrate in soils, soil pore water, 
and shallow ground water Plutomum processing operations involve large quantities of mtric 
acid, parts of whch ultunately become waste streams placed in the ponds As the operation and 
designated use of the ponds changed over the years, so did the concentration of mtrate in 
effluents discharged to the ponds Early pond waters contamed upwards of 50,000 mg/L NO3-N 
(mtrate reported as mtrogen - to convert to mtrate as mtrate multiply by 4 42) A 
comprehensive sampling and analysis of pond waters in 1991 (Weston, 1991) found no more 
than 2,300 mg/L NO3-N 

Inorgamc mtrogen occurs in multiple valence states under environmental aqueous 
conditions and each forms a predommnt compound or ion N(-111) - NH4+ (ammomum), NH3(g) 
(ammorua) ,N(O) - N2(mtrogen gas), N( +III) - NO? (mtrite), N( +V) - NO3 (mtrate) N2(g) is 
generally ignored m soil/ground water geochemical discussions when significant numbers of 
mtrogen-fixmg plants or anaerobic denitnfying bactena are absent because the non-biologically- 
nutigated kinetics of N2 reduction and oxidation are extremely slow In virtually all oxidized 
(surface) natural waters, mtrate is the dommnt dissolved form of mtrogen, while ammonium 
should predommate m even mildly reducing environments The intermediate oxidation state 
species, mtnte, is only domlnant over a MITOW redox range In addition to the predommant 
NO; form of mtrogen in waste streams, SEP 207-C contained sigmficant (2,000+ mg/L) NO2 
in 1991 Unfortunately, all lysuneter pore water samples and the vast majority of ground water 
samples were analyzed by Method 353 2 which determines NO; + NO, ("Nitrate/Nitrite") and 
no NH3+ determinations were made, so little mformation exists on dissolved nitrogen redox 
speciation 

Smce stable soluble forms of mtrogen exist under all redox conditions and since most 
mtrate and ammomum salts are highly soluble in water, dissolved nitrogen is very mobile, 
especially under relatively oxidizing conditions The momc NO; and NO2 ions are very poorly 
sorbed to solid substrates, but NH,+ is strongly sorbed and retained on soil profiles 
Consequently, it is likely that NO) behaves conservatively in the OU4 environment but the 
overall mtrogen budget is incompletely known due to lack of information on the distribution of 
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the least conservative mtroeen swies.  NH,+ 
" I  

0 II.5.2.2.3 Process Metals 

These prows metals are metals other than uramum, plutomum and amencium, that were 
used in vanous operations at WETS, and whch have been components of the S W  waste 
streams Table I1 5 2-2 lists some of these metals and some relevant fate and transport 
properties As a group, these metals are diverse in thew chemical properties, and consequently 
it is difficult to make generallzations about thelr mobility, speciation, complexation, solubility, 
and sorption 

The mobility of the metal PCOCs prunmly is controlled by the formation of soluble 
complexes and sorption to geologic matenal Most metals will form positively charged hydroxyl 
complexes, under the anticipated OU4 soil pH and redox potential, which will tend to sorb to 
geologic matenals given the relatively high CEC values Metal mobility is increased in the 
presence of chlonde, as chlonde will form metal complexes that do not successfully compete 
with smaller, more hghly charged cations for sorption sites (Riemsdijk and Hiemstra, 1993) 
Thus, the moderate salmty of soils m the vicmty of the SEPs may to some extent inhibit metal 
sorption 

II.5.2.2.4 Organic Compounds 

The mobility of orgmcs in the vadose zone is controlled by the type of orgamc 
compound (polar or nonpolar), the solubility and volatility of the compound, and the total 
orgmc carbon content of the soil matrw Most orgamc compounds have high K,, values and 
preferentially partition onto the soil matrw, particularly onto the soil orgmc fraction However, 
the I(d values for volatile orgmc compounds are generally low, and partitiomng of the volatile 
orgamcs is m m a l  Given the relatively low total orgamc carbon content of the soils 
surrounding the SEPs, movement of dissolved VOCs will be relatively umpeded and driven 
by thelr aqueous solubility Water percolatmg through the vadose zone will dissolve small 
amounts of the orgmc constituents and ultlmately transport them to the ground water table 

Orgmc solubility is not as sensitive to oxidation-reduction potential, pH, or the presence 
of iomc species as is the solubliity of metals Therefore, the solubilities provided in Table 
I1 5 2-1 are valid for a wide range of envlronmental conditions The chemical 1,4- 
dichlorobenzene will most readily migrate to ground water because of high solubility With a 
relatively high Henry's Law constant, a fraction of 1,4-dichlorobenzene will be found in the 
vapor phase and will also be subject to migration Bis(2-ethylhexy1)phthalate has a moderate 
solubility but a high I(d and thus will be relatively unmobile With a relatively fast half-life, it 
will biodegrade more readily than the other orgamcs 

PCBs and the remaimng orgamc PCOCs (which are all classified as polycyclic aromatic 
hydrocarbons) are much less soluble and have lower Henry's Law constants Neither PCBs nor 
PAHs readily biodegrade Therefore, a larger mass fraction of these compounds will remain 
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m the soils rather than bemg dissolved m ground water 

II.5.2.2.5 Fate of PCOCs 

Although the fate of the PCOCs is not part of the Phase I RFI/RI, a discussion of the 
general factors and fate of PCOCs idenafied at OU4 is mcluded in th~s section for completeness 
The "fate" of a contammint generally unplies a permanent disposiaon or an ultunately stable 
form whch is a t t a d  by one or more meversible mechasms Thls general defimtion of fate 
may be applicable for many, but not all, anthropogenic orgmc compounds and some relatwely 
short-lived radionuclides but hlghly recalcitrant o r g a c  compounds, long-lived radionuclides and 
metals m general must be viewed differently In the later cases, fate is governed by tune, 
location, and physicochemical conditions - i e , "permanent" must be defined in terms of tune, 
the contaminant location withm the hydrogeologic system and assumptions must be made about 
the stability of physicochemical conditions that mght interrupt an otherwise "permanent" fate 
For the purposes of thls discussion, a tune frame of about one thousand years is used because 
any remedial actions must be protective of human health and the environment for that tune 
penod Changes m the physiochemical conditions at OU4 dumg this tune penod are more 
difficult to quantify 

Radionuclides 

Radioactive decay is absolutely irreversible but the rate of the process (expressed as half- 
life) is umque for every radionuclide To the extent that a radionuclide's half-life is sufficiently 
short to allow a sigmficant amount of the parent nuclide to decay to some other radioactive or 
stable nuclide, the fate of the parent radionuclide is easily understood In the context of the 
1,000-year protection guideline mentioned above, only radionuclides whose half-lives are less 
than or equal to 1,000 years will decrease in abundance by radioactive decay to 50 percent or 
less of their ongml  mass Table I1 5 2-3 lists radioactive PCOCs and the percent of their 
origml mass r emamg after 1,OOO years As a result of this process, CS'~~, C S ' ~ ~ ,  S?', Srm, 
and H3 (tntium) will be essentially totally transformed mto other nuclides withm 1,000-year 
protectiveness guidelme The fate of the other radionuclides listed in Table I1 5 2-3 is not 
governed by radioactive decay but is a function of their chemical and physical retention withm 
the subsurface envnonment dumg the 1,000-year protection period 

Table I1 5 2-4 summarizes the fate of the long-lived radionuclides Since the fate of these 
nuclides will llkely be determined by physicochemical processes and not radioactive decay, the 
isotopes of each element are grouped and are expected to behave sunilarly, and ultunately have 
the same fate, in the subsurface environment at OU4 

Nitrate 

Nitrate is the most widespread PCOC observed in the vadose zone and ground water at 
OU4 Since most metallic nitrate salts (including those of the calcium, magnesium, sodium and 
potassium) are readily soluble in water, it is likely that virtually all of the nitrate in the OU4 

36 wpf OU4 Proposed IM/IRA EA Decision Document 
I1 5-13 February 10 1995 



vadose and saturated zones is dissolved m the available aqueous phase 
conceivable that isolated volumes of SEP leakage water could have evaporated m the near- 

surface vadose zone, resultmg m precipitaQon of mtrate salts, although mtrate salt precipitates 
were not observed durvlg Phase I RFI/RI field activities 

It is, however, 

Nitrate is typically the most common and most stable form of mtrogen in subsurface 
aqueous envuonments Two natural mechmsms govern the fate of mtrate m subsurface waters 
and both mechamsms mvolve lndigenous microorgamsms, as do most mtrogen reactions at the 
earth's surface Asszmzlatlve nitrate reductzon involves the incorporation of mtrogen into 
microbe proteins and denztnficutzon involves respirative energy production by microbes and 
generation of N, gas The latter m e c h s m  includes production and reaction of intermediate 
NO; and N,O There has been no deterrmnation of non-mtrate mtrogen forms in subsurface 
envlronments at OU4, nor have there been any microcosm studies, so it is not possible to 
evaluate whether either of these fate mechamsms are operatmg Assuming that the predominant 
form of subsurface mtrogen is mtrate, and given its amomc character (unllkely candidate for 
sorption) and the solubility of mtrate salts, it is assumed that mtrate behaves conservatively and 
ultmately migrates with the available subsurface aqueous phase 

Process Metals 

Llke the long-lived radionuclides, the fate of the metal PCOCs is a function of the 
prevailmg subsurface physiochemical conditions, especially the chemical character of ground 
water or soil moisture Trace concentrations of metals are most commonly controlled by 
sorption onto soil solids or coprecipitation with solids contaimng sunilar but more abundant 
metals Table I1 5 2-5 lists two metallic PCOCs 

0 
Orgmc Constituents 

Only a lmited number of orgmc constituent PCOCs have been identified at OU4 and 
most of these compounds occur are relatively low concentrations Ultunately, the ideal fate of 
any anthropogemc orgmc compound is "mieralmtion" or the transformation of all of the 
orgamc carbon to CO,, all of the hydrogen to H20 and all other sub-constituents (e g , C1) to 
morgamc iomc forms (e g , Cl-) Partial mmeralmtion may also take place, thus effectively 
elmmating the parent compound even though some other degradation compound, no matter how 
sunilar to the parent, may result Llkellhood of mlnerallzation is strongly dependent on the 
chemical structure of a specific orgmc compound, the physicochemical conditions in the 
subsurface, and time In general, compounds or parts of compounds with weaker (single) bonds 
are more easily broken under ambient physicochemical conditions found in the subsurface 
environment and are more easily minerallzed than orgamc constituents with higher order bonds 
whch are more resistant to mineralnation Groups of structurally-related orgamc compounds 
may be thought of as possessing slmilar fates or at least subject to smilar degradation processes 
Table I1 5 2-6 groups the OU4 PCOCs according to their general structure and potential 
environmental fates 
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e II.5.2.3 Summary of the Behavior, Mobility, and Fate Processes 

The mobility and ultlmate fate of the PCOCs is dnven by a combmation of complex 
factors related to the soil matm and contarmnant properties The lmportant soil charactenstics 
that control contammint fate are the hgh clay content and the resulting hgh cation exchange 
capacity, low total orgmc carbon, slightly alkalme pH, soil moisture chemistry, and 
heterogeneous texture Except for the low total orgmc carbon content, most of these 
charactenstics will generally unpede contaminant migrabon 

The metal radionuclides, urmum, plutomum, and amencium, vary in mobility depending 
on the soil pH and redox conditions m the vadose zone In contrast, tntium is present in soil 
pore water and may mgrate to the shallow ground water 

The two most mobile orgmcs are 1 ,4dichlorobenzene and bis(2-ethylhexy1)phthalate 
which have moderate solubilities The PCB and PAH compounds will remam in the vadose zone 
due to then- low solubilities Both rutrate and the soluble orgamcs will tend to move rapidly 
through the soil column in areas that are consistently infiltrated with water However, due to 
a channelmg effect that may be present in the subsurface soils due to irregular intergranular 
spaces and infiltration prefemng disturbed areas, pockets of rutrate and soluble orgmcs may 
be less mobile because of theu possible isolation from diltration 

II.5.3 Conceptual Model of Vadose Zone Flow 

A conceptual model of vadose zone flow (Figure I1 5 3-1) was developed to provide an 
understanding of the proposed m e c h s m s  for contammint transport in the vadose zone and the 
natural flow llmitations unposed by the current hydraulic conditions existing in the vadose zone 
beneath OU4 This model provides a foundation for formulating decisions concemng closure 
and remedial actions at the site as part of the OU4 Phase I IM/IRA 

The conceptual site model presented in h s  secbon is a representation of the OU4 vadose 
zone hydraulic system and the physical and chemical processes that affect transport of 
contammants in the vadose zone media The model descnbes known and suspected sources of 
contammation, types of contammation, affected media, and contaminant migration pathways The 
conceptual site model presented here does not discuss the potential receptors nor evaluates the 
risk to the environment or human health Proper development of a conceptual site model is 
unportant 111 determmg the necessary interun closure and remediation options, and ultimately 
the risk posed to any potential receptor 

11.5.3.1 Regional and Local Recharge 
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The central Rocky Mountam region, includmg the Front Range where the WETS is 
located, is charactenzed by mean annual precipitahon of 15 mches Infiltration and percolation 
of precipitation 1s one of the pnmary sources of recharge at WETS Approxmtely 40 percent 
of h s  precipitation falls durvlg the spnng Supercell storm events dunng the summer account 
for an additional 30 percent of the annual precipitation Autumn and winter are dner seasons, 
and account for 19 and 11 percent of the annual precipitation, respectively Snowfall averages 
85 mches per year, o c c m g  pnmanly between October and May Other negligible sources of 
recharge mclude diltration of stream flow along dramage that are above the bedrock-alluvium 
contact, and mountam-front recharge along the foothills Pan evaporahon rates for the WETS 
area exceed 60 inches per year Because of the lunited precipitation, a net annual water loss 
occurs at the site, however, dumg the wmter and spmg, evaporation and transpwation rates are 
less, so recharge may occur 

Dumg operation of the SEPs, recharge to the unconfined ground water system beneath 
the SEPs resulted pnmmly from diltratmg precipitation, leakage from the SEPs, and possibly 
broken OPWL lmes Leakage from the SEPs is currently lunited since only SEP 207-C contains 
liquids that currently are bemg removed Leakage from the SEPs, as demonstrated by rutrate 
contamination beneath the SEPs, was dnven pnmanly by the hydraulic head existing in the 
ponds dumg their operation At present, recharge at OU4 probably only occurs dunng the 
wmter and spmg when sufficient precipitation is available and evapotranspiration is less 

II.5.3.2 Variably-Saturated Vadose Zone Flow System 

The prunary control of contaminant fate and transport at OU4 is the presence of a 
vanably saturated vadose zone beneath the site This section describes the conceptual model of 
variably saturated flow in the vadose zone at OU4 Estunates of infiltration at the site are 
provided along with a discussion of the processes govemng percolation, contaminant flow, and 
ground water recharge 

Recharge through the vadose zone at OU4 is seasonal and occurs pmarily dunng the 
late wmter through spmg when precipitation exceeds bare soil evaporation and plant 
transpvation Recharge probably occurs when the frequency and duration of precipitation 
events, in conjunction with less evapotranspiration, create an increase in the available moisture 
for infiltration and percolation 

Percolation probably occurs through macropores and through interstitial flow in locallzed 
areas of higher hydraulic conductivity soil This is evidenced by the relatively rapid water table 
rise (during a precipitation event) that was observed at some of the piezometer locations at OU4 
When deep percolation occurs, vadose zone flow is generally vertically downward from ground 
surface to the unconfined ground water table 

Maxmum percolation rates by interstitial flow through the vadose zone soils can be 
estlmated by assuming that the hydraulic conductivity of the soils under umt hydraulic gradient 
and a given matnc potential (or "soil suction") is equivalent to the vanably saturated flux The 
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geometrrc mean of the corrected unsaturated hydraulic conductivity determlned dumg thls 
mvestigation for the RFA at calculated matnc potentials is about 7 x 10-lo cdday  Therefore, 
assummg a umt hydraulic gradient, the flux through a umt area of the vadose zone is about 7 
x cdday  Assurmng that all of thn flux reaches the saturated ground water system, an 
e s tmte  of ground water recharge at OU4 is about 9 x mches per year ( d y r )  The estmate 
of diltration at Beatty, Nevada, where ramfall is less than 5 mches, is about 2 x d y r  
(Nichols, 1986) Smce precipitation at WETS is about 15 d y r ,  the estmated percolation rate 
for OU4 compares favorably with that for Beatty because precipitation at WETS is about three 
tunes higher and the OU4 percolaaon estunate is also increased threefold 

This small amount of estmated mterstitial percolation cannot account for the water table 
fluctuations observed at the site, providing further evidence that the predominant percolation 
mechmsm at OU4 is macropore flow ThIs apparent lack of areal interstitial percolation 
through the alluvium as a source of ground water recharge may also suggest that the variations 
in Upper HSU ground water level observed at the site results from direct recharge from the 
bedrock strata (EG&G, 1993) 

Dumg operation of the SEPs, leakage from the ponds was probably the principal source 
of recharge through the alluvium to the ground water table This leakage would have resulted 
in hgher percolation flux rates beneath the ponds since the soil moisture contents would have 
been higher and the unsaturated hydraulic conductivity would approach saturated hydraulic 
conductivity Higher moisture contents in these soils increases the unsaturated hydraulic 
conductivity, resulting in more rapid flow rates Locally developed ground water mounds may 
have developed intermittently dunng pond operation 0 

Vanances in calculated matrrc potential with depth were noted in the vadose zone, 
therefore hydraulic gradients are related to both changes in matrrc potential and elevation head 
Observations concemg the soil moisture charactenstics of the vadose zone soils indicate that 
hydraulic conductivity decreases rapidly with less than a 5 percent decrease from saturated 
moisture content Consequently, soil-moisture redismbution in the vadose zone is not constant, 
but varies with the heterogeneous nature of the subsurface soils The heterogeneous lithology 
of the vadose zone suggests that sigmficant variations in hydraulic properties occur with depth 
Consequently, variably saturated flow through the vadose zone soils is not uniform and may be 
sigmficantly accelerated or decelerated by layers of varying hydraulic conductivity 

The apparent lack of areal interstitial percolation at OU4 suggests that contaminant 
transport occurs through locallzed areas of saturated flow, macropores or other areas of limited 
hgher hydraulic conductivity This type of flow system provides an irregular contaminant 
distribution pattern and m i m u e s  the potential for recharge to mobilize contaminants present 
in the soil pores Flow through soil macropores will lunit contact with contaminants present in 
the adjacent vadose zone soil pores since macropore flow is localized and diffusive flow away 
from the macropore walls would be llmited in volume 
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II.5.3.3 Saturated Flow System 

Although the saturated ground water system was not mcluded as part of thw investigauon, 
mformation was obtamed d m g  the Phase I RFI/RI that provides some might into subsurface 
ground water flow pathways An understandmg of the lnteraction of the vanably saturated flow 
system present m the vadose zone and the saturated flow system is necessary to properly arrive 
at closure and remediation decisions proposed in the Phase I IM/IRA 

The saturated ground water zone mediately underlymg the vadose zone at OU4 is 
termed the Upper HSU This umt is composed of both RFA and associated soils, and weathered 
bedrock lithologies Ground water flow within the Upper HSU at OU4 generally is controlled 
by the local topography The SEPs are constructed on an east-west trending topographc ndge 
that is flanked to the north and south by tnbutanes of Walnut Creek Ground water flow in the 
Upper HSU is generally toward North Walnut Creek north of the SEPs and toward South Walnut 
Creek south of the SEPs An east-trendmg component of ground water flow is also present east 
of the SEPs, with flow occurring down the ndge crest toward the confluence of North and South 
Walnut Creeks Ground water elevations range between about 5,965 feet above mean sea level 
(ft msl) beneath SEP 207-A and 5080 ft msl along North Walnut Creek 

Several important charactenstics of the OU4 site hydrogeology control ground water flow 
and contaminant movement in the saturated zone beneath OU4 Ground water elevation data 
obtamed from both the RFA and the bedrock lithologies indicate that the unconsolidated and 
weathered bedrock water-bearmg strata are hydraulically connected Vertical hydraulic gradients 
generally are downward from the alluvium to the bedrock adjacent to and beneath the SEPs, and 
upward along the reaches of North Walnut Creek Because of the fluctuating ground water table 
beneath the site, h s  hydraulic connection provides a mechamsm to desaturate the overlying 
alluvium Potentiometric maps presented in Section 11 3 3 mdicate that the desaturated alluvium 
areas are smallest during the hgh water penod in the spring and largest dunng the dry penod 
in the fall and early winter These desaturated areas appear to result in areas where the water 
table fluctuation is below the top of bedrock at low water level and in areas where the RFA is 
directly underlam by a sandstone member of the Arapahoe Formation The latter mechamsm 
is readily apparent along the northern edge of SEP 207-C where the RFA that is underlain by 
the Arapahoe Formation sandstone appears to be dry throughout the year 

I) 

Paleochannels present on the bedrock paleosurface appear to have controlled the 
depositional facies of the RFA that control ground water flow in the Upper HSU Coarser- 
grained facies of the RFA are present in the paleochannels, providing a more permeable pathway 
for ground water flow Durmg penods of low water level, "channelued" flow in the alluvium 
is more apparent than dunng hlgh water levels Former surface water drainage that were buried 
during construction of the SEPs may also control ground water flow dunng high water level 

The RFA is composed of as many as four lithofacies Soils present in each lithofacies 
have different hydraulic characteristics that are controlled by the relative percentage of coarse 
particle sues that comprise the soil Coarse-grained lithofacies generally have higher 
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I 
permeabilities than the fmer-gramed lithofacies As mentroned above, these coarse-gramed 
lithofacies appear to be situated m bedrock paleochannels The combmed features of mreased 
hydraulic conductrvity and "channelmd" flow control the local ground water flow and 
contammint transport rate 

' e 
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U-235 

U-238 

TABLE II.5.2-3 

Half-Lives of Radionuclide PCOCs 

7 1 X IO8 yr 

4 5 X IO9 yr 

99 99 

99 99 

Percent remaining I Pcoc 11 Radionuclide 

Am-241 458 yr 22 02 

CS-134 = o  
I I 

II CS- 137 I 30 yr I = o  
II PU-239 I 24300 yr I 97 18 

PU-240 6537 yr 89 93 

Ra-226 1620 yr 65 18 

Sr-89 51 days = o  
Sr-90 28 yr = o  
H-3 12 3 yr - 0  

U-233 1 6 X 105 yr 99 56 

U-234 99 72 
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PCOC With Unstable 
Isotopes 

Amencium 

Plutonium 

Radium 

Urmum 
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TABLE II.5.2-4 

General Fate of Radionuclide PCOCs 

herallzed Fate and 
Fate-Related Pmcesses 

a) Soluble Am is probably present as a carbonate complex but is catiomc below pH 
8 5 and amonic at more alkaline pHs Aqueous-phase Am may also be present as 
colloids or polymers 
b) Sorption of Am is most effective above pH 6 but recommended "typical" &s 
are as low as 100 
c) m e  fare of Am is probably as a sorbed trace constituent on soil particles but the 
ertent of mobility will likely change as ground water chemistry changes with the 
removal of the pondr 

a) Potential soluble forms of Pu are extremely diverse, very complex and their 
stabilities are strong functions of the overall water composition including pH, Eh 
and NO, Aqueous-phase Pu may also be present as colloids or polymers 
b) Given the uncertamties connected with soluble forms, effectiveness of sorption is 
very difficult to predict Effective sorption is well documented but often to mobile 
solid particles &s for Pu in RFETS soils range from 43 to 2700 
c) The fate of Pu is probably long-term sorption on soil particles but the present 
pond-injluenced ground water chemstry may result in off-site mobilization With 
pond removal ground waters will evolve and the disposition of hc will likely 
change 

a) Soluble Ra probably exists m n l y  as Ra2+ 
b) RaSO, is extremely insoluble and effectively controls the concentration of 
mobile Ra by co-precipitation with other low solubility sulfates &s for Ra are 
typically high relative to other PCOCs 
c) Ra will likely have limited mobility and tend to remain in the vadose zone 

~ ~~ 

a) Soluble forms are neutral and amomc complexes of carbonate, phosphate and 
fluonde dependmg on relative concentrations 
b) Sorption on iron oxides very effective at near neutral pHs but not under alkaline 
conditions 
"Typical, conservative" &s are low (on the order of 16) 
c) At present, U probably has high potential for mobility in the vadose zone dunng 
ground water nses and eventual off-site mobilization in the saturated zone If 
aqueous conditions become more neutral and dilute, long-term sorption and on-site 
fixation is increasingly likely 

Co-precipitation with calcite is also a possible solid-phase form 

I1 5-27 
OU4 Proposed IMllRA EA Decision Document 

February 10 1995 



TABLE lI.5.2-5 

General Fate of Metal PCOCs 

I Pcoc Generalized Fate and 
Fate-Related Processes 

a) Soluble form most hkely Ba2+ 
b) BaSO, (bmte) is probably the most stable solid form although sorption or catiomc 
exchange may limt solubility in absence of sulfate 
c) Generally Ba would be expected to have very low mobility and to remain largely 
f i e d  in the vadose zone 

Cadrmum a) Soluble form of Cd may be as a carbonate complex 
b) Limted sorption of Cd to calcite is known at mtermediate to high pHs 
Recommended &s are low (< 10) 
c) Mobilig in non-suljide envtronrnents very high Probably will be mobilized off- 
site 
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TABLE II.5.2-6 

General Fate of Organic Constituent PCOCs 

‘ 8  

e 

ll Pcoc General& Fate and 
Fate-Related Processes 

11 substituted Alipbtics, chlorinated solvents 

Chloroform 

Methylene chlonde 

a) Relatively high aqueous solubility 
b) Low K, 
c) High adwater partition 
d) Biodegradation possible under anaerobic conditions 
e) Probably have limited residency time in shallow subsugace 
environment with significant tendency to degrade to less chlonnated 
compound9 

11 (Mononuclear) Aromatics. Substituted Benzenes 

Bis(2-ethylhexyl) a) Low aqueous solubility 
phthalate 

c) Low adwater partition 

aturated zone with limited 

Polynuclear (Polycyclic) Aromatic Hydrocarbons (PAHs) 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b) fluoranthene 

Bern( k) fluoranthene 

11 Polychlonnated Biphenyls (PCBs) 

a) Very low aqueous solubility 
b) Very high Koc 
c) Low to extremely low adwater partition 
d) Aerobic and anaerobic biodegradation possible via decoupling of 
nngs and subsequent oxidation simlar to BTEX compounds 
e) Low mobility will result in parent compounds remaining in vadose 
zone and shallow saturated zone Sequential intermediate PAH 
degradation products will also remain in soils Monocyclic 
degradation products may undergo mineralization similar to BTEX 

36 wpf 

a) Very low aqueous solubility 

c) High adwater partition 
d) Limted potential for biodegradation by reductive dechlonnation 
under anaerobic conditions 
e) Very low mobility assures long residency time in vadose and 
especially in shallow saturated zones where air exchange is limited 
Although biodegradation is known, the compounds are quite 
recalcitrant in general 

b) Very high Koc 
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II.6 CONCLUSIONS AND RECOMMENDATIONS 

II.6.1 Evaluation of Original Ponds Area 

The Ongml  Ponds area was mvestigated to determme if compacted clay liners or other 
sod matenals remam m the subsurface and to determme the potential extent of contammints that 
may have been associated with the Onglnal Ponds The investigation mcluded geologic 
boreholes, lysuneterheutron access tube mstallations, and a ground-penetratmg radar (GPR) 
survey to evaluate the subsurface conditions m thls area 

The ground-penetratmg radar survey did indicate the presence of an excavated area with 
artificial fill matenal of different composition than the native soils in the area of Pond 2 
Auxiliary south of SEP 207-C Subsurface soil descnptions obtamed from the geologic 
boreholes support the presence of artificial fill m this area A smgle soil sample collected from 
borehole 42893 was analyzed for physical and chemical properties Atterberg Llmits, particle 
slze charactenstics, and CEC determmed for thls soil sample (collected from between 3 0 and 
3 7 ft  bgs) indicate that the fill matenal may contam remnants of former bentomtic clay liner 
matenal Borehole 41993 also may provide some mdication of the presence of the former 
Onglnal Ponds Geologic data from this borehole indicate that non-native artificial fill material 
may occur down to depths of at least 8 ft  bgs with clay-filled vertical fractures at depths of 12 
ft bgs Trenches and pipmg not found on facility drawmgs also were detected by the GPR 
survey These unknown pipes may represent the location of the Origml Ponds’ process waste 
lmes, whrch vary from the locations specified on as-built drawmgs 

Chemical analyses of soil samples collected from boreholes dnlled in the Original Ponds 
area mdicate few contaminants m either the suficial or subsurface soils Contaminants that 
exceeded background mclude mtrate, zmc, amencium-241, gross beta, plutonium-239/240, 
radium-226, tritium, and the uramum isotopes (u233/234, u235, u238) These contaminants were 
largely detected in the boreholes dnlled through the western berm of SEP 207-C and may be 
indicative of releases from SEP 207-C rather than the Onglnal Ponds, or represent contamination 
from lmported artificial fill matenal Without exception, the concentrations of the 
aforementioned PCOCs detected 111 the Onglnal Ponds area were lower than the PCOCs detected 
in samples collected from beneath the existmg SEPs 

Chemical analyses of pore waters obtamed from the lyslmeter installed in borehole 42893 
indicated that the following PCOCs, mtratehtnte, urmum-233/234, and uran~um-238 were at 
concentrations above the WETS background 99 percent UTL for ground water in the RFA 

11.6.2 Distribution and Extent of Contaminants in Surficial Soils 

The objective of the su~icial  soils investigation was to evaluate whether contaminants that 
presumably resulted from aerosol dispersion are present in suficial soils To accomplish the 
objective, an OU4-wide gamma radiation survey was completed In addition, surficial soil 
samples were collected from 26 randomly selected locations, 10 discrete locations selected due e 37 wpf OU4 Proposed lM/lRA EA Decision Document 
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to proxmity to seeps and to provide addibonal data for the baselme nsk assessment, and 46 
borehole locabons, for a total of 72 surfcia1 soil samples The samples were analyzed for 
metals, radionuclides, semvolatlle orgamc compounds, and mtrate/mtnte (as mtrogen) 

The results of the surficial soil sample analyses lndicate the presence of contammints 
lncludmg metals, radionuclides, semivolatile orgmc compounds, and water quality parameters 
such as mtratehtnte and the PCB armlor-1254 The metal and radionuclide concentrations that 
exceed background are grouped predommtly ln the med ia t e  vicmty of the SEPs, lncludmg 
on the berms between the SEPs The distnbution of the contaminants 111 thls area supports the 
hypothesis that aerosol dispersion of contammated pond liquids was a viable mechamsm for the 
spread of contammnts 111 the med ia t e  vicmty of the SEPs The only exception appeared to 
be aroclor-1254, whlch was detected pnmanly outside of the OU4 boundary in all but two 
samples 

Surficial soils on the hdlside north of the SEPs appear to have been contaminated largely 
through two mechamsms Ground water discharges to the ground surface as seeps along the 
hillside north of the SEPs, and contammts sorbed onto the soils in that area due to histoncal 
instances of pond overtopplng The dramage tile or pipe that is installed between SEP 207-A 
and the 207-B SEPs has an outfall on the hillside, and contammts appear to have accumulated 
where discharged liquids contacted the ground surface 

Sporadic locations elsewhere at OU4 have elevated concentrations of metals and 
radionuclides that do not appear to be related to SEP waste management activities In particular, 
elevated contaminant levels were identified at sampling locations east of the SEPs (1 e , the 
"bone yard" area outside of OU4 formerly used for the storage of discarded equipment), and 
west of the SEPs in the mdustnal area (also outside of OU4) Contaminants detected in the bone 
yard may have resulted from the matenal stored near those locations, while industrial area 
contaminants llkely resulted from the outfall of building dram (Bowman's Pond area and 
Buildings 774 and 713) 

0 

Semivolatile orgamc compounds ( p m n l y  coal tar denvatives) were detected in the 
surficial soil samples at selected locations in OU4 A majonty of the semivolatile orgamcs 
detected occur at a small number of locations The presence of these compounds is likely 
attributable to Isolated point sources, lncludmg leakage of fuels and oils from vehicles In 
addition, the asphaltic material used for lmng the SEPs may also have contributed to the 
presence of the semivolatile orgamc compounds detected in the surficial soils 

11.6.3 Distribution and Extent of Contaminants in the Vadose Zone 

11.6.3.1 Vadose Zone Soils 

Forty-eight boreholes were drilled and sampled dunng the OU4 Phase I RFI/RI One 
of the objectives for drilling these boreholes was to ascertain the presence or absence of 
contaminants in the vadose zone The analytical results of the samples collected from the a 37 wpf OU4 Proposed IM/IRA EA Decision Document 
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boreholes mdicate that contammts are present m the vadose zone These contaminants include 
mtrate, metals, and radionuclides Volatde orgatllc compounds were detected mfrequently at 
very low concentrahons and are not thought to be contammts related to SEP waste 
management operations Toluene, acetone, and methylene chlonde were detected m a large 
percentage of the subsurface samples As discussed m Section I1 4, these compounds are 
thought to be contammints from field sampling practices or laboratory analytical techques 
No semivolatde orgatllc compounds were detected m the vadose zone, except for bis(2- 
ethylhexy1)phthalate whch is also thought to be a contamlnant from field samplmg practices 

The distnbution of metals and radionuclides in the vadose zone closely parallels the 
distribution of those contaminants m surficial soils The metals and radionuclides occur in the 
m e d i a t e  vicmty of, and beneath, the SEPs With the exception of barium, zinc, and radium- 
226, the contammants typically show decreasing concentrations with depth The exceptions 
listed are widely distnbuted, being found beneath the SEPs, downgradient (north) of the SEPs 
at seeps w i h  the PA, and north of the PA m the buffer zone The distribution of tritium in 
the buffer zone mdicates that surface or ground water has been a transport mechamsm for some 
analytes released from the SEPs 

The concentration distribution of water quality parameters in OU4 suggests that mtrate 
concentrations decrease with depth and that mtrate is distnbuted slmilar to tritium This is 
anticipated smce mtrate is very soluble and would move readily with pore water, surface water, 
or ground water Cyamde is present beneath SEP 207-A, north of the drainage tile outfall area, 
and north of SEP 207-C at shallow depths (0 to 6 feet) Cyamde is also found throughout the 
vadose zone beneath the northeastern portion of SEP 207-B North, and at depth (greater than 
12 feet) northeast of the SEPs in the buffer zone 

Ldce the surficial soils, sporadic detections of contaminants have been observed in the 
vadose zone soils and cannot be attributed to SEP operations These sporadic detections occur 
most frequently beyond the OU4 boundary to the west near Building 779 and to the east of OU4 
withm or near the former storage area or bone yard 

II.6.3.2 Pore Water Analyses 

Pore waters were collected from single and dual lyslmeters installed in the vadose zone 
at 15 locations in OU4 The suite of parameters analyzed varied depending upon the quantity of 
pore water obtamed during samplmg The results of the pore water analyses indicate that 
contaminants are dissolved in water existing in the vadose zone Contaminants detected included 
metals, radionuclides, and mtratehtnte Contaminants detected in the vadose zone pore waters 
are from locations adjacent to or below the SEPs 

Vadose zone soil metal PCOCs detected in pore water above the background 99 percent 
UTL for ground water mclude barium, cadmium, lithium, calcium, manganese, potassium, 
silicon, and sodium Calcium, manganese, potassium, silicon, and sodium are typical naturally 
occurring soil pore water constituents and are not considered indicative of contamination 
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Nitrate/mmte was also detected in pore water at many of the lysmeter locations Of the 
radionuclides considered to be vadose zone soil PCOCs, gross beta, tmum, and uran~um- 
2331234, umum-235, and umum-238, were detected above the background 99 percent UTL 
for RFA ground water 

Detections of both metal and radionuclide contaminants consistently occurred m SIX of 
the lysmeters Nos 40993,41593,42493,43193,43693, and 43793, which are located withrn 
or adjacent to the SEPs The contarmnant detections often exceeded the respective background 
99 percent UTL for RFA ground water 

Pore water samples from some of the lysmeters were not obtained because either the 
location was dry (soil mamc potential was greater than the vacuum applied to the lysmeter) or 
because the lysmeter was damaged Attempts to collect pore water samples from locations 
40293 and 40593 were unsuccessful due to the hgh soil matm potential The lower lysmeter 
at location 44093 was apparently damaged dunng mtallation and could not be sampled The 
lower lysmeter at locabon 40993 appears to be completed in the saturated zone and the pore 
water obtamed represents a measure of ground water quality at that location 

II.6.4 Hydrogeologic Setting of OU4 

The saturated ground water zone mediately underlying the vadose zone at OU4 is 
termed the Upper Hydrostratigraphc Umt (Upper HSU) This umt is composed of RFA, 
colluvium, weathered bedrock lithologies, and possibly artificial fill Ground water flow 
directions within the Upper HSU at OU4 generally follow or conform to the local topography 
The SEPs are constructed on an east-west trending topographic ridge that is flanked to the north 
and south by tnbutanes of Walnut Creek Ground water flow m the Upper HSU is generally 
toward North Walnut Creek north of the SEPs and toward South Walnut Creek south of the 
SEPs An east-trending component of ground water flow is also present east of the SEPs, with 
flow occumg down the ridge crest toward the confluence of North and South Walnut Creeks 
Ground water elevations in OU4 range between about 5,965 feet above mean sea level (ft msl) 
beneath SEP 207-A, and 5,070 ft msl along North Walnut Creek 

a 

Several mportant charactenstics of the OU4 site hydrogeology appear to control ground 
water flow and contammint movement in the saturated zone beneath OU4 Ground water 
elevation data obtamed from both the RFA and the bedrock lithologies indicate that the alluvium 
and bedrock water-beamg strata are hydraulically connected Because of the fluctuating ground 
water table beneath the site, th~s connection provides for a mechanism to desaturate the overlying 
alluvium Vertical hydraulic gradients generally are downward from the alluvium to the bedrock 
adjacent to and beneath the ponds, and upward along the reaches of North Walnut Creek 
Potentiometric maps presented in Section I1 3 3 indicate that the desaturated alluvium areas are 
smallest dunng the high water period in the spring and largest during the dry period in the fall 
and early winter These desaturated areas appear to result from water table fluctuations below 
the top of bedrock at low water level and areas where the RFA is directly underlain by a 
sandstone member of the Arapahoe Formation The latter mechanism is readily apparent 
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adjacent to SEP 207-C RFA underlam by the Arapahoe Formation sandstone stratum 111 this 
area appears to be dry throughout the year 

Paleochannels present on the bedrock paleosurface appear to have controlled the 
depositional facies of the RFA wluch controls ground water flow m the alluvium Coarser- 
gramed facies of the RFA are present m the paleochannels providing a more permeable pathway 
for ground water flow Durrng penods of low water level, "channeld" flow m the alluvium 
is more apparent than durmg hlgh water levels Former surface water drainages that were 
buned durmg construction of the SEPs may also control ground water flow dumg lugh water 
level 

The RFA is composed of as many as four lithofacies Soils present in each lithofacies 
have different hydraulic charactenstics that are controlled by the relative percentage of coarse 
particle sues that compnse the sod Coarse-gramed lithofacies generally have higher 
permeabilities than the finer-gramed lithofacies As mentioned above, the coarse-gramed 
lithofacies appear to be situated m bedrock paleochannels The combined features of mcreased 
hydraulic conductivity and "channellzed" flow control the local ground water flow and 
contammt  transport rate 

In 1993, water level measurements withm OU4 led to two pnmary conclusions 1) 
alluvial water level fluctuations during the 1993 momtomg program appear normal based on 
hlstorical alluvial water level measurements, and 2) alluvial water levels measured with 
transducers appear to have shown a response to spring precipitation events at three monitoring 
locations and to a summer precipitation event at two momtonng locations These observations 
lead to the conclusion that the mcrease in alluvial water level elevations at these momtonng 
locations is due in large part to macropore flow, local areas of higher hydraulic conductivity, 
or recharge from upgradient locations Additionally, recharge from vertical infiltration is be- 
lieved to be locallzed, occumng at locations where hydraulic conditions are more favorable 

Ground water levels beneath the ponds were also evaluated during the investigation 
Water levels beneath SEP 207-B South suggest that ground water is at the base of the liner 
durmg hgh water penods Ground water levels beneath SEP 207-A range from about 4 feet 
below the base of the liner to greater than 12 feet under the northern end of SEP 207-A 
Ground water levels beneath SEP 207-C range from about 4 feet to greater than 20 feet along 
the northern berm Water level fluctuations at the site generally range up to 6 feet Fluctuations 
are not as great beneath the SEPs, usually rangmg less than 3 feet 

The thickness of the vadose zone at the site ranges from zero at seep locations to as much 
as 20 feet (during penods of low water level) at locations in the buffer zone south of North 
Walnut Creek 
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II.6.S Vadose Zone Flow System 

The primary control on contarmnant fate and transport at OU4 for the more mobile 
contamman6 is the presence of a vanably saturated vadose zone beneath the site Areal 
diltration through the vadose zone at OU4 occurs prmanly dumg the late wmter through 
spmg when precipitation exceeds bare soil evaporation and plant transpiration Therefore, 
recharge through the vadose zone is seasonal and only occurs dunng this penod 

Areal infiltration occurs through macropores and through interstitial flow in locallzed soil 
areas of hgher hydraulic conductivity or where the vadose zone becomes saturated Thls is 
evidenced by the relatively rapid response of the water table to a previous precipitation event 
that was observed at some of the piezometer locations at OU4 When deep areal infiltration 
occurs, vanably saturated vadose zone flow is generally vertically downward from ground 
surface to the unconfined ground water table Ground water recharge by interstitial infiltration 
is estxmated for OU4 at 9 x 10” m/yr 

l h s  small amount of areal interstitial diltration cannot account for the water table 
fluctuations observed at the site, suggesting that the predominant diltration mechamsm at OU4 
is probably macropore flow Thls apparent lack of interstitial infiltration as a source of ground 
water recharge may also suggest that the variations in ground water levels observed at the site 
result from direct recharge to the bedrock strata 

Vanances in matm potential with depth were observed in the vadose zone Therefore, 
hydraulic gradients are related to both changes in matrrc potential and elevation head 
Observations concemng the soil moisture charactenstics of the vadose zone soils indicate that 
hydraulic conductivity decreases rapidly with less than a 5 percent decrease in moisture content 
This rapid change in hydraulic conductivity with changes in moisture content may account for 
seasonal flow in the vadose zone Consequently, flow m the vadose zone is not constant, but 
varies with the heterogeneous nature of the subsurface soils and their moisture content The 
heterogeneous lithology of vadose zone suggests that sigmficant vanability in hydraulic 
properties and moisture content occurs with depth Consequently, variably saturated flow 
through the vadose zone sedxments is not umform and may be sigmficantly accelerated or 
decelerated by layers of varymg moisture content and hydraulic conductivity 

The apparent lack of areal mterstitial diltration at OU4 suggests that contaminant 
transport occurs along areas of localrzed saturation or through macropores or other areas of 
lxmited higher hydraulic conductivity l h s  type of flow system m m r z e s  the potential for areal 
infiltration to mobillze contammnts present m the soil pores (interstices) Flow through soil 
macropores also will limit contact with contammints present in the vadose zone since macropore 
flow is locallzed and diffusive flow away from the macropore walls would be limited in volume 
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II.6.6 Recommendations 

The followmg paragraphs mclude recommendations to a d  m the evaluation of the nature, 
extent, fate, and transport propemes of OU4 contarmnants 

, GeoDhysical Survevs 

0 The ground-penetratmg radar survey of the Onginal Pond area south of SEP 207- 
C was successful m locatmg undocumented trenches and pipmg It also mdicated 
the presence of an excavated area adjacent to Buildmg 779 It is recommended 
that a soil bomg be positioned at the deepest portion of the excavation and 
exammed for potentla1 contaminants As for the trenches and the piping that were 
not shown on the facllity drawmgs, it is recommended that additional GPR 
surveys be conducted to determme the locabons of the unknown trenches or pipes 
m the subsurface 

. 

a 

The lmited GPR survey withm SEP 207-A did not locate any near-surface pipes, 
but it could not be determmed what depth of penetration was being aclueved with 
a 300 Mhz and a 900 Mhz antenna Based upon the number of trenches and 
pipes observed withm the Ongial  Pond area, it is recommended that additional 
GPR surveys be attempted in and around the SEPs usmg a lower-frequency 
antenna for better depth penetration 

The refraction survey, m conjunction with the borehole descnptions, proved to 
be successful in idenbfying the bedrock-alluvium interface, slump blocks, 
paleotopographlc channels on top of the bedrock, major soil textural differences 
withm the alluvium and bedrock, and a weathered zone within the bedrock 
Piezometer 44893 m the buffer zone northeast of SEP 207-B North is situated in 
a paleotopographlc low Additional, more closely spaced refraction seismic 
surveys will better identify these paleotopograpluc bedrock surface channels 
Several boreholes should also be dnlled along the refrachon seismic lines, and 
samples should be collected and analyzed for strength properties and density 
Thls information will be used to more accurately correlate seismic wave travel 
tunes with soil and bedrock properties 

Water Level Measurements 

0 The draimng of SEP 207-A, 207-B North, and 207-B Center appears to have had 
an lmpact on ground water levels, as evident from hydrographs Water levels in 
the momtormg wells north of the SEPs appear to be lower by about 0 5 feet 
Continued monthly water level measurements would verify the decrease 

I 4p 37 WPf 

Because the ITS effectiveness evaluation demonstrated that underflow is occurring 
in some areas, additional piezometers or wells should be installed to determine 
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b 

if contaminants are also moving beneath the ITS Conductivity measurements 
may also be useful for evaluatmg contammated ground water movmg beneath the 
ITS 

There appear to be dry alluvial and channellzed alluvial flow areas withm the ITS 
dumg the spmg Additional piezometers withtn these areas would venfy the 
presence of these dry areas and areas of channellzed flow Additional seismic 
refraction data ~II thls area would help identify well or piezometer placement 
areas 

An understandmg of the hydrogeologic settmg around SEP 207-C should be 
undertaken to determme if VOCs present m the ground water are sourced from 
the SEPs or from upgradient sources Tracer tests are recommended to determine 
if ground water m the Arapahoe Sandstone underlymg and north of SEP 207-C 
discharges contammnts to the northern hillslope 

Monthly neutron moderation momtomg at all lysuneters is recommended for a 
full year to determme the seasonal water movement in the vadose zone Closely 
spaced neutron moderation momtonng shoukl also be conducted daily or weekly 
following a large precipitation event 

Recharye Studies 

. To evaluate the presence and ability of macropores to recharge ground water in 
the OU4 area, recharge and infiltration tests should be conducted over small 
areas 

I Contaminant Analyses 

Small areas or "hot-spots" identified for remediation under the OU4 Phase I 
IM/IRA, particularly on the basis of hlstoncal analytical data, should be re- 
sampled for confurnation prior to incorporation into the final design 

b It is recommended that all the lysimeters be re-sampled and analyzed for 
amencium-241, phtomum-239/240, and other PCOCs that were not analyzed 
during the Phase I RFI/RI program m order to better identify the extent of 
contammnts in the vadose zone pore water 
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II.7 CHARACTERIZATION OF IHSS 176 

The S&W Contractor Storage Yard (IHSS 176) 1s located approxunately 50 feet east of the 
SEPs The areal extent of IHSS 176 is approxlmately 113, 110 square feet (2 6 acres) The site 
was used for storage of contractor matenals smce 1970 In 1985 some stored matenals were 
designated as hazardous wastes MSS 176 is a component of OU 10 whlch was charactenzed by 
OUlO separately from the OU4 Phase I RFI/RI program Figure I1 7-1 presents a map depictmg 
the IHSS 176 boundary m relation to the OU4 boundanes 

The physical charactenstics of IHSS 176 are srrmlar to the physical charactenstm at OU4 The 
ground surface at IHSS 176 gently slopes to the northeast Approxlmately 15 ft  of alluvium and 
fill overhe the bedrock m the vlcmty of IHSS 176 The alluvium observed m Well 2886 located 
100 ft north of IHSS 176 consisted of a tbm cobble layer restmg atop claystone of the Arapahoe 
Formatlon whch was overlam by appromtely 8 ft  of mrxed gravel and clay The groundwater 
flows to the northeast, and the depth to groundwater is estunated to be approxlmately 5 ft  below 
the ground surface 

II.7.1 Previous Investigations 

An mtd soil charactemtlon program to determme the nature and extent of sod contammation 
was conducted m 1988 Soil samples were obtamed m 1988 from ten locatlons One sample 
locatlon was based on ground starrung, five sample locations were based on hlstoncal use of the 
area, and four sample locations were based on the presence of hazardous waste discovered 111 
1985 The sod samples were collected from 1 ft deep excavations and were composited over the 
1 f t  deep mterval except for volatde orgmc aromatic (VOA) samples, whlch were grab samples 
from a depth of 1 ft  Analysis of soil samples mclude hazardous substance list volatde orgamc 
aromatlc compounds, hazardous substance lrst polynuclear aromatic hydrocarbons, and hazardous 
substance list metals, morgmcs, and radionuclides 

@ 

Prior to soil samplmg, a visual and a dlrect radiatlon survey usmg a FIDLER probe were 
conducted to identify areas of potential contarmnation The FIDLER survey was conducted on 
October 19, 1988 All FIDLER 
readlngs were below background Smce no area exceeded background, no additional soil samples 
were collected (Weston 1988) The results of thls charactemation program are presented 111 
Appendix I1 AA Thls information was presented m the Phase I/RFI/RI Work Plan for OUlO 
(EG&G 19920 

Background was determmed to be 500 counts per minute 

II.7.2 Recent M S S  176 Characterization 

Additional characterna~on efforts have been conducted at IHSS 176 m 1993/1994 l k s  
adhbonal charactermfion lncluded surface sod samphg and soil-gas surveys A total of twenty- 
eight locations were sampled for characternation of surface soil contammation eight located ' 40DEC 11 7-1 OU4 Proposed IWIRA EA Dccmion Document 
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w i h  or along the IHSS bouedanes, three on the east side of the IHSS, and seven situated north 
of the IHSS Duplicate samples were collected at two of the sample locaQons Figure 11 7-2 
presents the locations of the samplmg pomts 

Appendlx I1 AA provides the analytical results for the surface soil samplmg Thls mformation 
is also presented m the Rocky Flats Envrronmental Technology Site Operable Umt No 10 
Techmcal Memorandum No 1 (EG&G 1994) 

The purpose of the sod-gas survey m IHSS 176 was to locate possible occurrences and the 
horlzontal extent of volatile orgmc compounds that may have been associated with stored 
materials such as solvents, fuel oils and possible spllls The IHSS 176 sod-gas survey was 
conducted on a 40-foot tnangular gnd One-hundred-seventy soil-gas locations were sampled 

Acetone was observed at two locations on the northeastern comer of the IHSS 176 boundary A 
maxmum of 1 65 pg/L was observed at locahon SGO60394, and a m m u m  of 1 20 G/L was 
observed at location SGo60294 

A concentrahon anomaly outside the IHSS boundary on the eastern side of the storage yard exists 
along the roadway (Benzene was observed at four locations ) A maxmum concentration of 
benzene, 1 40 ,ug/L, was observed at locahon SGO61994 A m m u m  concentrabon of benzene, 
1 06 pg/L, was observed at location SGO63094 Toluene was also observed at two locaQons on 
the eastern side of the storage yard A rnaxmum toluene concentration of 1 69 pg/L, was 
observed at location SGO60694 A m m w n  toluene concentration of 1 01 pg/L, was observed 
at location SGO69194 

0 
Benzene and toluene were observed at one locabon outside the IHSS boundary on the western side 
of IHSS 176 Thls Occurrence is also next to a roadway through the storage yard Benzene was 
observed m a concentr~on of 1 11 pg/L, and toluene was present at a concentration of 1 83 pG/L 
at locahon SGO63294 Also on the western side mide the IHSS 176 boundary, PCE was detected 
at a concentration of 1 70 pg/L at location SGO66994 

Outside the boundary on the northern side of IHSS 176, acetone was observed at one locabon 
Acetone was present in a concentration of 1 90 Mg/L at SGO56494 

Methane was detected at 73 sod-gas locahons m IHSS 176 A m m u m  concentration of 10 ppm 
was observed at eleven locations, and a maxmum concentration of 90 ppm was observed at five 
locations 

Analytical results of the IHSS 176 soil-gas survey are presented m Appendlx I1 AA Tlus 
mformabon is also presented m Rocky Flats Envlronmental Technology Site Operable Umt No 
10 Techmcal Memorandum No 1 (EG&G 1994) 
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II.7.3 0 Conclusions 

The results of the IHSS 176 charactematron effort mdicate that the OU4 SEPs were a pnmary 
source of radionuclide and metal contammation to the IHSS 176 soils OU4 annexed IHSS 176 
since the SEPs were a pnmary source of contammatlon, and because IHSS 176 is Imme&ately 
adjacent to the OU4 SEPs and will llkely be lmpacted by thew closure 
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