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EXECUTIVE SUMMARY 

This Technical Memorandum presents the results of the Eastern Dog Pens (EDP) 
Investigation conducted in March 1999 at the Laboratory for Energy-Related Health Research 
(LEHR) at the University of California at Davis, California (UC Davis). As specified in the Work 
Plan (Weiss Associates, 1998b), the main objectives of the EDP Investigation were to provide 
additional characterization data to: 

Serve as a baseline data set prior to the area's possible use by UC Davis for 
waste handling; 

Support negotiations between DOE and UC Davis on the long-term 
managementlenvironmental cleanup of the EDP; 

Support future baseline risk assessment; and, 

0 Provide UC Davis with information to guide remedial decisions for Landfill 
No. 2. 

In addition to these objectives, the data from the EDP investigation could also provide a 
conceptual model to be used for remedial decisions for the EDP. 

Forty-three primary and four duplicate soil samples, six concrete curb samples, and 16 
primary and one duplicate gravel samples were collected during the EDP Investigation. The curb 
and gravel samples were analyzed for radium-226 and strontium-90. All soil samples were analyzed 
for tritium and 37 were analyzed for additional radionuclides, selected metals, nitrate, and 
organochlorine pesticides. Eight soil samples were also analyzed for bulk density and moisture 
content. Significant findings of the EDP Investigation are: 

Concrete Curb: Radium-226 was detected in all six samples ranging from 0.269 to 1.68 
picoCuries/gram (pCi/g). No background levels for Ra-226 or Sr-90 have been established for 
concrete at the site, however based on a literature search Ra-226 activity in cement typically 
ranges from 0.973 pCi/g to 1.38 pCi/g (Ingersoll, 1983; Tso, 1994). Strontium-90 was detected 
in three of the six samples, ranging from 0.398 to 7.44 pCi/g. These activities are below the 10 
pCi/g soil RBAS for Sr-90 developed for the LEHR site. 

Gravel: No background levels for Ra-226 or Sr-90 have been established for the gravel at the 
site. However, we have included the RBAS andlor soil background levels for comparison. 
Radium-226 was detected in all 16 samples ranging from 0.196 to 0.396 pCi/g. All the Ra-226 
results were below the calculated soil background level for Ra-226 of 0.752 pCi/g. Strontium-90 
was detected in two of the 16 samples, and both results are well below the RBAS. Because no 

WEISS ASSOCIATES Project Number: 128-4005 



Technical Memorandum: Investigation Results for the Former Eastern Dog Pens Executive Summarv 
LEHR Environmental Restoration / Waste Management Rev. 0 9/24/99 
DOE Contract No. DE-AC03-96SF20686 Page S-2 of S-2 

gravel-specific background levels have been determined, the significance of these results has not 
been fully determined. 

3. Soil to 2 ft depth (beneath the gravel): Alpha- and gamma-chlordane, dieldrin, and several other 
pesticides and PCBs were detected in one or more soil samples. Alpha-and gamma-chlordane 
were detected in 12 soil samples in concentrations up to 47.8 and 43.4 mglkg, respectively. 
Dieldrin was detected in two samples above the 15 micro grams per kilogram (pglkg) RBAS, 
with one sample containing 223 uglkg. The only inorganic constituents analyzed in the EDP soil 
that are above background levels based on the Wilcoxon Rank Sum (WRS) test are Sr-90, total 
chromium, and hexavalent chromium. In addition the WRS test results for Cs-137, mercury and 
nitrate were inconclusive. The maximum result for each of these constituents was compared to 
the lowest RBAS established for that constituent. Only the maximum concentrations for 
dieldrin, Cs-137 and mercury were above the lowest RBAS. The reasonable maximum exposure 
(RME) levels, defined here as the 95% upper confidence level (UCL), for dieldrin, Cs-137 and 
mercury were compared to the lowest RBAS. The RMEs for all of these constituents are below 
the RBAS. 

4. Comparison with Western Dog Pen (WDP) soil levels: Several pesticides were detected in both 
the EDP soil and the WDP soil, but the suite of pesticides detected in the EDP soil was slightly 
different from the pesticide suite detected in the WDP soil. The pesticides that were detected in 
both the EDP and the WDP soils are 4,4'-DDE, 4,4'-DDD, 4,4'-DDT, and alpha- and gamma- 
chlordane. The metals and radionuclides detected in the EDP are similar to those detected in the 
WDP. Based on the statistical results, the EDP and the WDP soil levels are very similar with the 
exception of the pesticide dieldrin and slightly higher concentrations of mercury in the EDP. 

5. Remedial Action: Because the EDP and the WDP have similar operation histories and apparent 
contamination patterns, it is likely that no remedial action will be recommended for EDP soil 
based on the recent findings presented in Draft Technical Memorandum: Statistical Comparison 
of Western Dog Pens Soil Data with Risk-Based Target Levels (WA, 1999d). 
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1. INTRODUCTION 

1.1 Objectives 

This Technical Memorandum presents the results of the Eastern Dog Pens (EDP) 
Investigation conducted in March 1999 at the Laboratory for Energy-Related Health Research 
(LEHR) at the University of California, Davis, California (UC Davis) (Figure 1). The main 
objectives of the EDP Investigation are to provide additional characterization data that will: 

Serve as a baseline data set prior to the area's possible use by UC Davis for 
waste handling; 

Support negotiations between DOE and UC Davis on the long-term 
management/environmental cleanup of the EDP; 

Support future baseline risk assessment; 

Provide UC Davis with information to guide remedial decisions for Landfill 
No. 2; and, 

Indicate whether remedial actions may be necessary for EDP soil. 

1.2 Previous Eastern Dog Pens Investigations 

1.2.1 Operational History 

Between 1958 and the mid-1980's, the Western and Eastern Dog Pens were used to house 
dogs involved in radium-226 (Ra-226) and strontium-90 (Sr-90) research activities at the LEHR site. 
The dog pens were constructed in phases; the EDP, built between 1968 and 1970, are the most 
recently constructed set. The EDP contained 96 pens in three rows (K, L, and M), with each row 
containing 32 pens (Figure 2). The EDP overlays the UC Davis inactive Landfill No. 2. 

The radionuclide-dosed dogs were kept indoors for a 30-day holding period, prior to moving 
them outside to the Western and Eastern pens (Goldman, 1997; DOE archived records), regardless of 
the dose level. Calculations by Rosa, Gielow and Peterson in the 1963 LEHR Annual Report (DOE 
archived records) indicate that dogs were eliminating up to 0.23 microcuries (pCi) per 48 hrs in 
feces and urine 28 days after Sr-90 exposure. Calculations by Goldman in a 1963 memorandum 
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(DOE archived records) estimated that about 500 pCi1yr Sr-90 and about 50 pCi1yr Ra-226 were 
eliminated in urine by the outdoor dogs at that time. 

The dogs placed in the outside pens were paired by sex; two male or two female dogs were 
placed in each pen (Ballard, 1997; Goldman, 1997; Hinz, 1997). Dogs which had received high 
radionuclide doses were not placed next to control dogs (Goldman, 1997), but the dogs were not 
otherwise segregated by dose level (Ballard, 1997; Goldman, 1997; Hinz, 1997). In general, dogs 
remained in the same pen for the duration of their lifespan, typically 10 to 12 years (Ballard, 1997; 
Goldman, 1997; Hinz, 1997). Feces were removed from the pens daily, and urine percolated into the 
gravel (Ballard, 1997; Goldman, 1997; Hinz, 1997; DOE archived records). 

Dogs were dipped in chlordane to control fleas from 1960 until 1968, when excess exposure 
to chlordane apparently impacted the health of the dogs (DOE archived records). The dipping was 
apparently performed near the western boundary of the Western pens (Goldman, 1997; Hinz, 1997). 
It is not clear where the pesticide was stored, whether it was kept in a liquid or powder form, or 
where the dipping fluid was disposed after use. Chlordane was also sprayed in and around the pens, 
particularly near the southern edge of the pens because flea-bearing rodents were believed to be 
more plentiful south of the dog pens than elsewhere due to the proximity of Putah Creek 
(Ballard, 1997). Annual usage of chlordane is estimated to be between 25 and 50 gallons 
(Dames & Moore, 1993). 

1.2.2 Existing Data 

Shallow soil samples were collected and analyzed from the EDP in 1990 (Dames & Moore, 
1993) and 1996 (Figure 2); however, these data are not sufficient to meet the objectives stated in 
Section 1.1. These samples were not collected as part of the LEHR CERCLA investigation; therefore 
the quality assurancelquality control (QAIQC) procedures fall short of those required under 
CERCLA. Consequently, these previous data were considered qualitatively in planning this 
investigation. Field radiation survey data from the dog pen pedestals removed in 1996, anecdotal 
information about the dog pen operations (see Section 1.2. l), and results of the extensive Western 
Dog Pens (WDP) investigations conducted in 1997 and 1998 (Weiss Associates, 1998a) were also 
considered in planning this investigation. 

In summary, previous data from the EDP (Figure 2) indicate: 

Chlordane was present in most surface soil samples and in one 1.5-ft below 
ground surface (bgs) sample at concentrations up to 0.48 milligrams per 
kilogram (mglkg); and, 

Several radionuclides, including Ra-226, cesium- 137 (Cs- 137), thorium-232 
(Th-232), and potassium-40 (K-40), were detected in one or more samples at 
levels slightly above 1998 background. 
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Based on similar operational histories and existing data, the contaminant nature and extent in 
the EDP is expected to be very similar to that in the WDP. In fact, contamination in the EDP may be 
lower because of the shorter operational history. Therefore, based on the WDP data (Weiss 
Associates, 1998a), contamination in the EDP most likely: 

Attenuates fairly sharply with depth in soil beneath the pen gravel; 

Includes mercury, chlordane, Ra-226, Cs-137, and other radionuclides at levels 
slightly above background; and, 

Shows no predictable lateral distribution pattern. 

As stated above, this existing information and data for the EDP and WDP provided a 
conceptual framework for designing the EDP investigation described in this Technical 
Memorandum. The investigation design elements influenced by this existing information include: 

The analyte list was limited to selected radionuclides and metals, 
organochlorine pesticides, and nitrate. Based on all previous data from the EDP 
and WDP, this list covers all likely COPCs for the EDP. 

The soil sampling locations were chosen at random, based on the relatively 
small variability and unpredictable spatial distribution of contaminants expected 
in the EDP based on WDP data. 

The soil investigation was limited to the top 2 ft. This design element was 
necessary due to the potential presence of landfill waste at depths as shallow as 
2 ft bgs, but was also supported by the steep attenuation of contaminants with 
depth that was observed in shallow WDP soils. 

1.3 Technical Memorandum Organization 

Section 2 of this Technical Memorandum presents the field procedures used for the Eastern 
Dog Pen Investigations. Section 3 summarizes analytical results, Section 4 presents the results of the 
statistical analysis, and Section 5 presents the conclusions. Cited references are listed in Section 6. 
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2. DESCRIPTION OF INVESTIGATION 

This section describes the field activities for the EDP Investigation. Fieldwork began in 
early March 1999. All work was conducted in accordance with the Final Work Plan for Eastern 
Dog Pens Investigation (the Work Plan) (Weiss Associates, 1999b), the Quality Assurance Project 
Plan (QAPP) (Weiss Associates, 1998b), and all appropriate Standard Operating Procedures (SOPS) 
(Weiss Associates, 1998c) included in the Work Plan. The Work Plan was reviewed and accepted by 
the remedial project managers (RPMs) from the US Environmental Protection Agency (EPA), the 
Central Valley Regional Water Quality Control Board (RWQCB), the California EPA Department of 
Toxic Substances Control (DTSC), and the California Department of Health Services (DHS). 

All laboratory analyses were performed using the methods specified in the Work Plan (Weiss 
Associates, 1999a) by General Engineering Laboratories (GEL) in Charleston, South Carolina. 

Based on the investigation design presented in Section 2 of the Work Plan, the EDP 
investigation consisted of three phases: 

1) A detailed gamma survey of the entire area; 

2) Curb and gravel sampling at selected locations, with analysis for Ra-226 and Sr- 
90; and, 

3) Soil sampling at 0 and 2 ft below ground surface at selected locations, with 
analysis for selected radionuclides, metals, nitrogen compounds, and pesticides 
(Figure 3). 

Procedures, specifications, and equipment are presented below, and are described in detail in 
the Work Plan (Weiss Associates, 1998b). 

Prior to any field activities in the EDP, underground utilities were cleared. This clearance 
included: 1 )  UC Davis personnel locating utilities and marking the ground surface indicating the 
type and orientation of utilities; 2) contacting Underground Services Alert (USA) 48-hours prior to 
beginning drilling; and, 3) contracting a private utility locator, NorCal, of Santa Rosa, California, to 
clear the proposed drilling locations. 

Also, prior to any fieldwork, the EDP area was cleared of debris and vegetation to the extent 
necessary to allow the surface radiation survey and soil sampling to be efficiently performed. All 
Elderberry shrubs were protected. 
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2.1 Detailed Gamma/Beta Radiation Survey 

Prior to soil sampling, a gamma radiation survey of the entire gravel surface of the EDP area 
was conducted on a 2 ft by 2 ft grid, and a gammdbetdalpha surface radiation survey was conducted 
on the concrete curbs. The surface gamma radiation survey for the gravel was conducted over the 
entire EDP area using a Ludlum Model 2221 instrument with a Model 44-10 (2 inch by 2 inch) 
sodium-iodide scintillator. The instrument was held at a height and moved at a rate that provided 
reconnaissance readings representative of approximately 2 ft by 2 ft grid areas. The sensitivity of the 
instrument is approximately 900 counts per minute per microRoentgen per hour (cprnlpR1hr). 

The concrete curb radiation survey was conducted within each pen in areas most likely to be 
contaminated (i.e. horizontal surfaces in the vicinity of former fence posts). The survey was 
conducted using a Ludlum 3 rate meter with a geiger-miieller (GM) probe for determining 
betdgamma and a scintillation probe for determining alpha contamination. 

Prior to conducting the survey, a background level for the gravels was established. Ten one- 
minute integrated counts were taken at each of the three on-site background locations (Figure 1). 
The background locations were selected based on: 1) the presence of gravel that looked similar to 
that in the EDP, 2) the presence of gravel on the surface with soil beneath it, and 3) lack of known 
environmental impact by site activities. Although the Work Plan specified defining background as 
the 98% upper confidence level (UCL, defined as the average of the thirty readings plus three 
standard deviations), the average was used instead. This more conservative approach was selected 
because most EDP readings were below the average background readings. 

All gamma radiation survey readings were recorded on a detailed EDP map (Appendix A). 
No locations had readings exceeding two times background, therefore one-minute integrated counts 
were not taken. 

2.2 Concrete Curb and Gravel Sampling 

Concrete curb and gravel samples were collected from the EDP area and analyzed for only 
Ra-226 and Sr-90. The selected analytes are based on previous results from the WDP that indicate 
possible impact to some gravel by Sr-90 andor Ra-226. Table 1 summarizes the sample 
identification, sample locations and analysis conducted on each sample. 

Six curb samples were selected based on the radiation survey results, with three samples 
collected from areas with elevated gammdbeta andor alpha readings and three collected from areas 
with background readings (Figure 4 and Appendix A). The purposes of the curb sampling was to 
determine if: 1) the two radionuclides known to have been used in the dog pens have impacted the 
curb; and, 2) field gamma readings can be used as an indicator of elevated gammdbeta emitters in 
the curb. The curb samples were collected using a concrete coring machine and the solid core sample 
was then placed in a plastic container and sent to the laboratory to be pulverized before being 
analyzed. 
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The gravel samples were collected from the 16 soil sampling locations where gravel was 
present, and a duplicate gravel sample was collected from one of the locations (Figure 4 and 
Table 1). The gravel samples were collected using a hand trowel and placing the gravel in plastic 
containers and sent to the laboratory to be pulverized before being analyzed. 

2.3 Soil Sampling 

Based on the relatively small variability and unpredictable spatial distribution of 
contaminants expected in the EDP based on WDP data, sampling locations were chosen using a 
Random Number Generator (RNG). First, 21 pens were chosen randomly (Figure 3). As shown on 
Figure 3, five of the 21 pens were designated as "contingency pens". Of the 21 randomly selected 
pens, these were the last five selected. 

Each pen was divided into three areas (Figure 3). One of three areas within the 21 chosen 
pens was randomly selected for sampling (Table 2 of the Work Plan). Area 1 is the asphalt area at 
the front of each pen. This area has not been sampled in previous dog pen investigations, and field 
radiation surveys of the gates and fence posts that were in this area have shown some locations with 
above-background radiation. Area 2 is the area within the inner curb where the housing pedestal was 
located. Previous investigations have suggested slightly elevated radiation levels on and under the 
pedestals. Area 3 is the remainder of the pen area; previous investigations in the WDP showed no 
predictable pattern of radiation in this area. Within the particular area chosen, the actual sample 
location was randomly selected. 

The EDP sampling was limited to shallow soil to minimize the risk of intercepting any 
underlying landfill waste. The actual depth to the top of the waste in the landfill is unknown. 
Furthermore, extensive sampling in the WDP suggests that constituents of potential concern 
(CPOCs) attenuate sharply with depth. Therefore, soil sampling was limited to the upper 3 ft. The 
surface samples were collected from 0 to 6 inches and the deeper samples were collected between 
1.5 and 3 ft. For the ease of labeling and reporting, these sample intervals are referred to as 
"surface" and "2 ft bgs" samples. 

Based on field conditions, the following changes were made to the sampling plan: 

Surface samples and those 2 ft bgs were collected from 19 locations instead of 
21 locations as described in the Work Plan due to the presence of landfill waste 
just below the gravel in two locations, pen K2 and pen K10; 

Thirty seven soil samples were collected instead of 42 samples because landfill 
waste was encountered in two borings (K2 and K10) just below the gravel and 
at 1.5 ft in another boring (M27); 

Pen K4 was intended for sampling but K3 was inadvertently sampled instead; 
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Three of the five contingency pens were replaced by pens with elevated gamma 
survey readings. Pen MI9 was replaced with pen M12, pen L22 was replaced 
with pen M22 and pen K8 was replaced with pen K19; and, 

Pen K20 was to be sampled for tritium but the sample location was moved to 
pen K21 because a tree restricted access to the back portion of pen K20. 

As shown on Table I, all soil samples were analyzed for selected radionuclides, metals, 
pesticides and nitrogen compounds. At the request of UC Davis, four samples from the surface and 
four samples from 2 ft bgs were analyzed for bulk density and moisture content for use in guiding 
remedial decisions for Landfill No. 2. Surface soil samples from six other pens in the southernmost 
row (Figure 5 )  were also collected and analyzed for tritium only, to provide additional baseline data 
for this area prior to its use by UC Davis. 

The surface soil samples were collected using a hand trowel from the first soil encountered 
immediately below the approximately one-foot thick layer of gravel. Surface soil samples were 
collected in glass jars. The deeper soil samples were collected in brass sleeves using a hand auger 
and split barrel sampler, starting 1.5 ft below the gravellsoil interface and extending to 3 ft. For 
these deeper samples, the first three inches of sample were for pesticide analysis, the second three 
inches were for metals and nitrogen analyses, and the remaining foot of sample was for radionuclide 
analyses. 

Figure 5 shows the soil sample locations. Table 1 summarizes the sample locations 
including the tritium analysis sample locations and the physical parameter analysis sample locations, 
and QAIQC sample locations. 

Soil sample collection was conducted in accordance with SOP 3.1, Surface and Shallow 
Subsurface Soil Sampling, and SOP 15.1, Lithologic Logging (Appendix A of the Work Plan). 
Chain-of-custody records were prepared in accordance with SOP 1.1, Chain-of-Custody (Appendix 
A of the Work Plan). Sample handling, packaging, and shipping was conducted in accordance with 
SOP 2.1, Sample Handling, Packaging and Shipping. 
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3. SUMMARY OF ANALYTICAL RESULTS 

All the EDP investigation data are presented in tables in Appendix B, and are summarized on 
Tables 2 and 3. The significant findings of this investigation are summarized in this Section. 

3.1 Curb Results 

As mentioned in Section 2, the six curb sample locations were based on gammdbetdalpha 
survey results. Three locations had background readings, which were less than 2,100 disintegrations 
per minute1100 centimeters2 (dpm/100cm2) betdgamma and 150 dpm/100cm2 for alpha. The other 
three locations had elevated readings of 13,000 dpm/100cm2 betdgamma and 1,300 dpm/100cm2 
alpha, 26,000 dpm/100crn2 betdgamma, and 52,000 dpm/100cm2 betdgamma. 

Site background activities for Ra-226 and Sr-90 in concrete have not been established. 
Ra-226 activity levels in cement reported in the literature ranges from 0.973 pCilg to 1.38 pCilg 
(Ingersoll, 1983, Tso, 1994). WA currently has no information on the typical range of Sr-90 activity 
in soil concrete. However, since Sr-90 is not a naturally occurring radionuclide, it is expected that 
its background activity in concrete is well below 1 pCi1g. 

The Ra-226 results from the locations with background survey results ranged from 0.269 to 
0.96 pCiIg, and the Ra-226 results from the locations with elevated readings ranged from 0.354 to 
1.68 pCi/g. Hence, the Ra-226 activity in the EDP curbs is similar to the background activity of 
0.973 pCilg to 1.38 pCi/g found during the literature search. The Sr-90 results from the locations 
with background survey results had activity up to 1.59 pCilg and the Sr-90 results from the samples 
with elevated survey readings had Sr-90 activity up to 7.44 pCi1g. Only three of the six curb samples 
had measurable Sr-90 activity and all the results were below the 10 pCilg RBAS for Sr-90. 

Based on these limited data it is not apparent that there is a significant difference between the 
background and elevated radiation survey readings, except that the survey reading which indicated 
the presence of alpha emitters had the highest Ra-226 result and the survey reading with the highest 
betdgamma reading had the highest Sr-90 reading. 

3.2 Gravel Results 

Gravel samples were collected from 16 pens as shown in Figure 4 and analyzed for Ra-226 
and Sr-90. Ra-226 activity in these samples ranged from 0.196 to 0.396 pCi/g. Two gravel samples 
contained Sr-90 activity at 0.032 and 0.201 pCilg. 
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3.3 Soil Results 

Soil samples were collected at 0 and 2 ft bgs from 19 locations (Figure 5 and Table 1). A 
total of 37 samples and four duplicate samples were collected. The following constituents were 
detected above background: total chromium, hexavalent chromium, mercury, cesium-137, gross 
alpha, gross beta, Sr-90, thorium-228 (Th-228), thorium-230 (Th-230), and thorium-232 (Th-232) 
(Table 3 and Appendix B). Background values have not been established for the LEHR site for the 
following constituents detected: total Kjeldahl nitrogen (TKN), 4,4'-DDD, 4,4'-DDE, 4,4'-DDT, 
alpha- and gamma-chlordane, dieldrin, endrin, endrin ketone, PCB-1254, and PCB-1260 (Table 3 
and Appendix B). 

3.3.1 General Chemistry 

Nitrate (as N) was not detected at concentrations greater than background. A background 
value for TKN in soil has not been established for the LEHR area. However, TKN was detected in 
all 37 samples ranging in concentrations from 2.88 to 1,030 mglkg. These concentrations are similar 
to those detected in shallow soil samples from the WDP (Weiss Associates, 1998a). 

3.3.2 Metals 

In the EDP, 36 soil samples contained concentrations of mercury up to 5.99 mglkg and one 
sample contained up to 10.8 mglkg mercury. Mercury was detected in four samples above 
background, and only one sample contained mercury at two times greater than background. The 
surface mercury concentrations at the LEHR site and the surrounding area vary, and range between 
0.04 and 5.2 mglkg as reported in previous investigations. The regional background surface mercury 
concentrations in the San Joaquin Valley range from 0.02 to 9.4 mglkg (Wilson et a]., 1990). 

3.3.3 Pesticides 

Dieldrin was detected in thirteen samples, but only two samples were above the RBAS 
of 15 uglkg. The maximum dieldrin concentration was 223 uglkg in sample SSDP0338. This 
sample was reanalyzed and confirmed to contain dieldrin. Dieldrin, an insecticide, is typically used 
in agriculture for soil and seed treatment and to control disease vectors such as mosquitoes and tsetse 
flies. Although there is no record of dieldrin use at the LEHR site, it has been detected in ground 
water monitoring wells UCD1-12, UCD1-13, UCD2-14 and UCD2-15 and in Putah creek sample 
locations upstream and downstream of LEHR, and in the sewage treatment plant outfall (Figure 6). 
Ground water concentrations for dieldrin ranged from 0.003 to 0.094 ugll from 1991 through 1993. 
Since 1993, dieldrin has only been detected in well UCDl-13 at concentrations ranging from 0.013 
to 0.03 ugll. The level (MCL) for dieldrin is 0 . 0 5 k l l .  It appears dieldrin 

CA- &&on 
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was only detected in Putah Creek during one sampling event in 1991, at concentrations ranging from 
0.006 to 0.043 ug/l. 

Other pesticides including 4,4'-DDD, 4,4'-DDE, 4,4'-DDT, alpha- and gamma-chlordane, 
endrin, endrin ketone, PCB-1254 and PCB-1260 were all detected in the EDP soil but are all well 
below their respective RBAS (Table 3). 

3.3.4 Radionuclides 

Of the 11 radionuclides detected, only Sr-90, Th-228, and Th-232 were detected in activities 
exceeding two times background. 

Sr-90 was detected in six samples, four of which contained Sr-90 two times 
background. However, none of the samples were above the Sr-90 RBAS of 10 pCi/g. 

Th-228 was detected in four samples above background, but only one was two 
than background. 

; greater than 

times greater 

Th-232 was detected in three samples above background, but only one sample was two times 
greater than background. 

Six additional samples were collected in the southern most row of the EDP. These samples 
were analyzed only for tritium. Tritium was not detected in any of the six samples. 

3.3.5 Physical Parameters 

A total of eight samples four each from the surface and 2 ft depth were collected and 
analyzed for bulk density, porosity and moisture content. This data will be used by UC Davis to 
guide remedial decisions for Landfill No. 2. 

The dry and wet bulk density for the surface samples ranged from 1.5 to 1.69 g/cm3 and 1.73 
and 1.96 &m3, respectively. The dry and wet bulk density for the 2 ft samples ranged from 1.49 to 
1.72 @cm3 and 1.68 and 2.03 g/cm3, respectively. 

The porosity of the surface samples ranged from 36.1 to 43.5% and from 35.0 to 43.6% for 
the 2 ft samples. 

The gravimetric moisture content for the surface and 2 ft samples ranged from 14.3 to 20.1% 
and 5.8 to 18.0%, respectively. The volumetric moisture content for the surface and 2 ft samples 
ranged from 2 1.6 to 30.1 % and 9.2 and 30.9%, respectively. 
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3.3.6 Results based on Sample Area 

As described above and shown on Figure 5, three different sample areas were defined within 
a dog pen: Area 1 - asphalt in front part of the dog pen, Area 2 - gravel and soil within the inner curb 
of the dog pen, and Area 3 - the gravel and soil between the inner and outer curb of the dog pen. 
Twelve soil samples and one duplicate sample were collected from Area 1, 16 soil samples and two 
duplicate samples were collected from Area 2, and 15 soil samples and one duplicate sample were 
collected from Area 3. 

Of the 25 constituents detected above background, Area 1 contained eight of the constituents, 
Area 2 contained seven constituents, and Area 3 contained 10 constituents (Table 3). 

In Area I ,  the maximum concentrations for alpha- and gamma-chlordane, dieldrin and endrin 
ketone were detected from the surface soil samples just below the asphalt, and the maximum Th-228, 
Th-230, Th-232 and 4,4'-DDE concentrations were detected in the 2 ft bgs soil samples. 

In Area 2, the maximum concentrations for 4,4'-DDT, PCB-1254, PCB-1260, Sr-90, and 
mercury were detected from the surface soil samples just below the gravel and, the maximum 
hexavalent chromium and Cs-137 concentrations were detected in the 2 ft bgs soil samples. 

In Area 3, the maximum concentrations for TI-208, Th-234, 4,4'-DDD, gross alpha, gross 
beta, and total chromium were detected from the surface soil samples just below the gravel and the 
maximum endrin, gross beta, and total chromium concentrations were detected in the 2 ft bgs soil 
samples. 

3.3.7 Results Based on Depth 

All constituents identified as above background (see Section 4.3) were used in evaluating the 
data for trends related to vertical attenuation. These constituents include the pesticides and PCBs 
detected, strontium-90, and total and hexavalent chromium. Of these, alpha- and gamma-chlordane 
and dieldrin show clear decreasing concentration trends with depth. Alpha- and gamma-chlordane 
were detected in 7 and 8 sample sets, respectively, where a sample set is defined as a surface sample 
and 2 ft bgs sample from the same dog pen location. Alpha-chlordane concentrations decreased with 
depth in six sample sets and increased in one sample set. Gamma-chlordane concentrations 
decreased with depth in six sample sets and increased in two sample sets. 

The other pesticides and PCBs were only detected in a few samples at trace concentrations. 
The strontium-90 and totallhexavalent chromium concentrations detected are only slightly above 
background and fall within limited concentration ranges, so trends with depth (if any) are difficult to 
ascertain. 
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3.4 Data Quality Summary 

Samples collected for this investigation were analyzed by General Engineering Laboratories, 
Inc. (GEL) in Charleston, South Carolina. Quality Control (QC) samples collected include: (1) one 
gravel field duplicate pair (Sample ID GSDP00111012); (2) four soil field duplicate pairs 
(SSDP03 1813 19, 3321333, 3381339 and 3441345); and (3) one equipment rinsate sample. 

Chemical and radiological data were reviewed by qualified chemists from Weiss Associates 
(WA), in accordance with LEHR Standard Operating Procedure No. 21.1 (Data Validation). Sample 
results and associated QAJQC results that were reviewed included (as applicable): holding times, 
field and laboratory blank results, LCS spike results, MSIMSD results, laboratory matrix duplicate 
results, surrogate recoveries and internal standard performance. All sample results were identified as 
usable (no qualifier), estimated and usable (with J or UJ qualifier), or rejected and unusable (with R 
qualifier). 

Overall quality of the chemical and radiological data, including precision, accuracy, 
representativeness, comparability and completeness (PARCC) parameters, is discussed below. 

3.4.1 Precision 

Precision is a measure of mutual agreement among individual measurements of the same 
property, usually under prescribed similar conditions. Primary indicators of precision are 
sample/sample duplicate, MSIMSD and field duplicates. Samplelsample duplicates and MSIMSD 
precision for most analyses were good, indicating that these analytical methods were consistently 
precise. Due to laboratory duplicate imprecision, results for strontium-90, chromium and mercury 
were qualified as estimated (J or UJ) for some samples. Mercury for SSDP03321333; cesium-137, 
thorium-234 and dieldrin for SSDP03381339; and gross alpha and gross beta for SSDP03441345 were 
qualified as estimated (J or UJ) due to field duplicate imprecision. 

3.4.2 Accuracy 

Accuracy is the degree of agreement of a measurement (or an average of measurements of 
the same thing) with an accepted reference or true value. Primary indicators of accuracy are 
recoveries of surrogate spikes, LCS spikes and MS. Surrogate spike, LCS spike and MS recoveries 
for most analyses were within QC limits, indicating that these analytical methods were consistently 
accurate. Chromium (VI) and mercury for some samples were qualified as estimated (J) due to 
MSIMSD recovery failure. 
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3.4.3 Representativeness 

Representativeness is a qualitative parameter which expresses the degree to which data 
accurately and precisely represent a characteristic of a population, parameter variations at a sampling 
point, a process condition, or an environmental condition. Determinants of representativeness 
include sampling locations, frequency, collection procedures and compromises to sample integrity 
(for example, cross contamination) that occur during collection, transport, and analysis. 
Representativeness is evaluated by the results of field blanks, laboratory method blanks, laboratory 
duplicates and field duplicates. The evaluation of laboratory and field duplicates was presented in 
Section 3.4.1 (Precision). For the equipment rinsate blank and laboratory method blanks, analytes 
were not detected above the reporting limits. 

3.4.4 Comparability 

Comparability is a qualitative parameter which expresses the confidence with which one data 
set can be compared to another. Important determinants of comparability include uniformity of 
sampling activities, analytical procedures, data reporting and data review. Sampling, analytical, data 
reporting and data review procedures were very consistent during this investigation. Use of specific 
EPA analyses and standardized process of data review have lent a high degree of comparability to 
the data. 

3.4.5 Completeness 

Completeness is a measure of the amount of valid data obtained from a measurement system 
compared to the amount that was expected to be obtained under correct normal conditions. 
Completeness is defined as the percentage of valid data relative to the total number of analytes. For 
this investigation, 100% of the analytical data are considered valid. All samples were analyzed 
within technical holding times. No data were rejected; only few data points were qualified as 
estimated (J or UJ). This level of completeness is considered very high and is an indication of high 
quality data. 

3.4.6 Conclusion 

Very few qualifiers were applied to the analytical data for this investigation. No significant 
problems occurred in the collection and analysis of samples that would compromise the data quality. 
Based on the QC data provided, the analytical data are considered valid and are usable for the 
purpose intended. 
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4. STATISTICAL COMPARISONS 

Statistical methods were selected for comparing EDP soil data with background soil levels 
and/or the lowest RBAS. The statistical approach used for the EDP soil is described in the Draft 
Technical Memorandum: Statistical Comparison of Western Dog Pens Soil Data with Risk-Based 
Target Levels Weiss Associates, 1999b). The statistical approach was based on Statistical Methods 
for Evaluating the Attainment of Cleanup Standards, Volume 3: Reference Based Standards for Soils 
and Solid Media (USEPA, 1994) and is the same approach described in Appendix A of The 
Sampling and Analysis Plan for Removal Actions in Southwest Trenches, Ra/Sr Treatment Systems, 
and Domestic Septic Tanks (Weiss Associates, 1998d). This approach was suggested and approved 
by the LEHR RPMs for confirmation that cleanup standards had been reached following removal 
actions in the Southwest Trenches (USEPA, 1998). 

The overall approach for the statistical comparisons is shown in Figure 7. As shown in this 
figure, the approach entails first determining which COPCs in soil are at levels statistically above 
background levels. All COPCs identified as potentially above background are then compared with 
the lowest RBAS values. Each step of the process is described in detail in the following sections. 

4.1 Selection of COPCs for Statistical Tests 

In general, all constituents with validated concentrations above the reporting limit in one or 
more EDP soil samples were included in the statistical analyses. Only two general inorganic 
parameters, nitrate (as N) and TKN were analyzed in the EDP soil. TKN was not included in the 
statistical analyses because a background level has not been established. In addition, short-lived 
(i.e., 30 hours or less) radionuclide daughter products (actinium-228', Bi-212, Bi-214, lead-212, lead- 
214, TI-208 and Th-234) were not included. Table 4 shows all the constituents statistically evaluated 
for the EDP. Although USEPA guidance (USEPA, 1990) allows for exclusion of COPCs detected at 
a frequency of less than 5%, all COPCs with one or more detection were retained to be conservative 
(see Table 4). 

The use of qualified data followed the procedures outlined in Risk Assessment Guidance for 
Superjiund Part A (USEPA, 1989), as described in Draft Final Determination of Risk-Based Action 
Standards for DOE Areas (Weiss Associates, 1997). 
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4.2 Adequacy of Number of COPC Data Points for EDP and Background 

As recommended in Statistical Methods for Eval~lating the Attainment of Cleanup Standards 
(USEPA, 1994), the Wilcoxon Rank Sum (WRS) test is the primary method to determine whether 
residual contaminant levels meet the cleanup criteria. Because the WRS test requires a minimum 
number of samples to be statistically valid, data sufficiency was evaluated using the formula 
developed by Noether (1987). For given decision errors a and P and given minimum detectable 
relative difference(A), the minimum number of samples depends primarily on the variances of the 
COPC background and EDP distributions. The results of the Noether calculation indicated sufficient 
data to conduct the WRS test for most COPCs. Those with either insufficient EDP or background 
data are listed in Table 4. 

4.3 Results of Statistical Comparisons 

Based on the WRS test results, all COPCs are at or below background levels except 
strontium-90, total chromium and hexavalent chromium. In addition, the WRS test results for Cs- 
137, mercury and nitrate were inconclusive (Table 4). 

Following the WRS test, the maximum detected EDP soil levels were compared to the 
corresponding lowest RBAS (Weiss Associates, 1997) for those EDP COPCs that: 

1. do not have sufficient data for a definitive comparison between background and EDP soil 
levels based on the Noether calculation; 

2. exceed background levels based on the WRS test; or, 

3. do not have an established background level. 

For those COPCs with maximum EDP soil levels that exceed the lowest RBAS, the 
reasonable maximum exposure (RME) level, defined as the 95% upper confidence limit (UCL) on 
the mean (USEPA, 1992), was calculated and compared to the RBAS. As shown on Table 4, the 
results of these comparisons with lowest RBAS are: 

No RBASs are available for endrin, endrin ketone, PCB-1254 and nitrate; and, 

Maximum EDP soil levels for mercury, Cs-137 and dieldrin exceeded the 
lowest RBAS; however, the RME levels for these COPCs in the EDP soil are all 
below the lowest RBAS. 

Based on these statistical analyses, no COPC in the EDP soil exceeds the risk-based target 
levels for LEHR soil. 
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4.4 Comparison with Preliminary Remedial Goals 

As requested by the US EPA Region IX for the WDP, all COPCs identified in the EDP soil 
as being at levels potentially above background were compared with the US EPA Region IX PRGs 
for residential soil (See Table 4). 

For those COPCs identified as potentially above background or above background, the 
maximum concentration detected in the EDP soil was compared to the residential PRG. The COPCs 
identified as being above background are Sr-90, total chromium, hexavalent chromium, chlordane, 
and the other pesticides detected in low levels in the EDP soil. In addition, mercury and Cs-137 are 
potentially above background. 

With the exception of cesium-137 which has a PRG significantly less than local background 
(0.02 pCi/g versus 0.102 pCi/g) and total chromium, the maximum levels detected in EDP soil 
samples for all of these constituents are below their respective PRGs (see Table 4). For total 
chromium, the RME level of 168 mglkg is well below its PRG of 210 mglkg. 

4.5 Eastern Dog Pens Results Compared to the Western Dog Pens Results 

There are 20 COPCs for the EDP soil and 26 COPCs for the WDP; 9 of the COPCs (Cs-137, 
Ra-226, Sr-90, total chromium, hexavalent chromium, mercury, alpha- and gamma-chlordane, and 
nitrate) are present both in the EDP and WDP. 

In the EDP, all COPCs are at or below background levels except for Sr-90, total chromium, 
and hexavalent chromium. Cs-137, mercury and nitrate were at or below background but "qualified" 
due to insufficient data above the reporting limit. Therefore, these EDP COPCs may actually be 
present at levels representative of background. In the WDP, all COPCs similar to the EDP are at or 
below background levels except Sr-90. Hexavalent chromium and nitrate were at or below 
background but "qualified" due to insufficient data above the reporting limit. 

The maximum concentrations of the constituents that were above background, along with 
alpha- and gamma-chlordane that do not have established background levels, were compared to the 
corresponding lowest RBAS (WA, 1997). In the EDP, the maximum concentrations for only Cs-137 
and mercury were above the lowest RBAS, and in the WDP the maximum concentrations for alpha- 
and gamma-chlordane were above the lowest RBAS. 

For the constituents which had maximum concentrations above the lowest RBAS, an RME 
level defined as the 95% UCL (USEPA, 1992), was calculated. The RME level was compared to the 
lowest RBAS. In both the EDP and the WDP, the RME for every constituent was below its 
respective RBAS. 
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Therefore, all COPCs that are common to both the EDP and the WDP passed the overall 
comparison with target levels. Besides slightly higher concentrations of mercury and dieldrin in the 
EDP, the contaminant nature in the EDP is very similar to the contaminant nature in the WDP. 
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5. CONCLUSIONS 

All work was conducted in accordance with the Final Work Plan for Eastern Dog Pens 
Investigation (Weiss Associates, 1999b), the Quality Assurance Project Plan (QAPP) (Weiss 
Associates, 1998b), and all appropriate Standard Operating Procedures (SOPS) (Weiss Associates, 
1998c) included in the Work Plan. We used the statistical approach, which was suggested and 
approved by the LEHR RPMs, for confirmation that cleanup standards had been reached following 
removal actions in the Southwest Trenches. 

Based on our statistical evaluation of the EDP soil data, all COPCs are at or below the 
appropriate soil target levels, defined as the lowest appropriate RBAS, or background for those 
COPCs with background levels higher than the lowest RBAS (Weiss Associates, 1997). 

In comparing the data from the EDP investigation with the WDP investigation, the 
contamination in the EDP is similar to that of the WDP with the exception of dieldrin and mercury. 
Although mercury is detected in the WDP, the mercury concentrations in the EDP are slightly 
higher. Dieldrin was detected in the EDP and not detected in the WDP. 

The four objectives identified in the Work Plan were successfully met. We collected all the 
data specified in the Work Plan, which establishes a baseline data set for the EDP. The data set has 
been validated and statistically evaluated and can be used in negotiations between DOE and UC 
Davis on the long term management/environmental cleanup of the EDP and future baseline risk 
assessments. Physical parameter samples were collected for bulk density, moisture content and 
porosity and will be used by UC Davis to guide remedial decisions for Landfill No. 2. 

Because the EDP and the WDP have similar operation histories and apparent contamination 
patterns, it is likely that no remedial action will be recommended for EDP soil based on the recent 
findings presented in Draft Technical Memorandum: Statistical Comparison of Western Dog Pens 
Soil Data with Risk-Based Target Levels (WA, 1999d). 
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Table 1. Summary of Sampling Plan for the Former Eastern Dog Pen Investigation 

Sample ID Dog Pen Sample 
Area 

Sample Gamma Survey Analyses Notes 
Depth (ft) Results 

CURB SAMPLES 
CSDPOOOl M30/3 1 
CSDP0002 M30/3 1 
CSDP0003 M3 1/32 
CSDP0004 M3 1 
CSDP0005 L2/3 
CSDP0006 L3/4 

0 BKG Ra-226 and 5 - 9 0  
0 Elevated Ra-226 and Sr-90 
0 Elevated Ra-226 and Sr-90 
0 BKG Ra-226 and Sr-90 
0 Elevated Ra-226 and Sr-90 
0 BKG Ra-226 and Sr-90 

GRAVEL SAMPLES 
GSDPOOO 1 
GSDP0002 
GSDP0003 
GSDP0004 
GSDP0005 
GSDP0006 
GSDP0007 
GSDP0008 
GSDP0009 
GSDPOO 10 
GSDPOO 1 1 
GSDPOO 12 
GSDPOO 13 
GSDP0014 
GSDPOO 15 
GSDPOO 16 
GSDP0017 

Ra-226 and Sr-90 
Ra-226 and Sr-90 
Ra-226 and Sr-90 
Ra-226 and Sr-90 
Ra-226 and Sr-90 
Ra-226 and Sr-90 
Ra-226 and Sr-90 
Ra-226 and Sr-90 
Ra-226 and Sr-90 
Ra-226 and Sr-90 
Ra-226 and Sr-90 
Ra-226 and Sr-90 Field Duplicate 
Ra-226 and Sr-90 
Ra-226 and Sr-90 
Ra-226 and Sr-90 
Ra-226 and Sr-90 
Ra-226 and Sr-90 

SOIL SAMPLES 
SSDP0302 M8 2 0 --- 1 
SSDP0303 M8 2 2 --- 1 
SSDP0304 M 13 2 0 --- 1,2  
SSDP0305 M13 2 2 --- 1,2  
SSDP0306 M27 2 0 --- 1 
SSDP0307 M27 2 2 --- 1 
SSDP0308 L2 2 0 --- 1, 2 
SSDP0309 L2 2 2 --- 1, 2 
SSDP03 10 L3 2 0 --- 1 
SSDP03 1 1 L3 2 2 --- 1 
SSDP03 12 L13 2 0 --- 1 
SSDP03 13 L13 2 2 --- 1 
SSDP03 14 L18 3 0 --- 1 
SSDP03 15 L18 3 2 --- 1 
SSDP03 16 L2 1 3 0 --- 1 
SSDP03 18 K 1 2 0 --- 1 
SSDP03 19 K1 2 0 --- 1 Field Duplicate 

WEISS ASSOCIATES Project Number: 128-4005 
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Table 1. Summary of Sampling Plan for the Former Eastern Dog Pen Investigation 
(continued) 

Sample ID Dog Pen Sample Sample Gamma Survey Analyses Notes 
Area Depth (ft) Results 

Field Duplicate 

Field Duplicate 

Field Duplicate 

Abbreviations: 
BKG= Background Readings 

Footnotes: 
Sample area inside dog pen: 

1 = Asphalt Area in the front of the dog pen 
2 = Pedestal area 
3 = Area outside pedestal area 

Analyses: 
1 = Rads, Total Chromium, Cr VI, Mercury, Nitrate as Nitrogen, TKN, Pesticides 
2 = Bulk DensityIMoisture Content 
3 = Tritium only 
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Table 2. Summary of the Analytic Results for the Concrete Curb and Gravel Samples from the Former Eastern Dog Pens Investigation 
- 

Constituent Radiation Units No. of No. of Min. Max. Sample ID - RBAS No. Min. Max. Dog Pen No. 
Survey Samples Samples Activity Activity Max. above Activity Activity Max. Concentration 
Results Analyzed with Concentration RBAS Above Above 

Detections RBAS RBAS 

Curb Samples 
Radium-226 Bkgd. pCi/g 3 3 0.269 0.96 CSDPOOOI 0.0042 3 0.269 0.96 M30/3 1 
Radium-226 Elevated pCi/g 3 3 0.354 1.68 CSDP0002 0.0042 3 0.354 1.68 M30/3 1 
Strontium-90 Bkgd. pCi/g 3 1 <0.05 1.59* CSDP0006 10 0 NA NA L3/4 
Strontium-90 Elevated pCi/g 3 2 0.398* 7.44* CSDP0005 10 0 NA NA L3/3 

Gravel Samples 
Radium-226 NA pCi/g 16 16 0.196 0.396 GSDPOO16 0.0042 16 0.196 0.396 M22 (Area 3) 
Strontium-90 NA pCi/g 16 2 0.0324 0.201 GSDP0004 10 0 NA NA L2 (Area 2) 

Abbreviations: 
Bkgd. = Background 
Min. = Minimum 
Max. = Maximum 
No. = Number 
NA = Not applicable 
RBAS = Risk Based Action Standard (Weiss Associates, 1997) 

Notes: 
* = Average of two analytic results for the same sample 
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Table 3. Summary of the Analytic Results for the Shallow Soil Samples from the Former Eastern Dog Pens Investigation 

Constituent UNITS No. of Bkgd. No. of Min. Max. RBAS No. of Min. Max. Sample ID for Dog Sample 
Samples Detections Detection Detection Detections Detection Detection Maximum PenIArea Depth 
Analyzed above Bkgd. above above above above above Detection within (ft) 

Bkgd. Bkgd. RBAS RBAS RBAS Pen 
General Chemistry 
Nitrate (as N) m a g  37 36 0 NA NA NE 0 NA NA NA NA NA 
Nitrogen, mgkg 37 NE NA 2.88 1,030 NE 0 NA NA SSDP0342 M 1213 2 

Metals 
Chromium mglkg 37 199 3 203 25 1 721 0 NA NA SSDP0336 M3lA3 0 
Chromium, mi& 37 0.054 36 0.077 0.673 3.8 0 NA NA SSDP0320 KllA2 2 

Hexavalent 
Mercury mgkg 37 3.94 4 4.3 10.8* 0.22 34 0.23 10.8* SSDP0302 M8lA2 0 
Pesticides 
4,4'-DDD ug/kg 37 ND 7 0.82 3.3 7948 0 NA NA SSDP0343 M22lA3 0 
4,4'-DDE ug/kg 37 ND 3 0.3 3.6 5610 0 NA NA SSDP0330 K16lAl 2 
4,4'-DDT 37 ND 5 0.48 5.8 5610 0 NA NA SSDP0318 KllA2 0 
alpha-Chlordane ugkg 37 ND 12 0.38 47.8 800 0 NA NA SSDP0346DLl K19lA1 0 
Dieldrin ug/kg 37 ND 13 0.76 223 15.25 2 41.4 223 SSDP0338DLl M17lA1 0 
Endrin ugn<g 37 ND 1 6.2 6.2 NE 0 NA NA SSDP0345 M22lA3 2 
Endrin Ketone ugkg 37 ND 1 2.7 2.7 NE 0 NA NA SSDP0338 M17lA1 0 
gamma-Chlordane ugkg 37 ND 12 0.4 43.4 810 0 NA NA SSDP0346DLl K19lA1 0 
PCB- 1254 ugkg 37 ND 2 24.3 54.9 NE 0 NA NA SSDP0319 KllA2 0 
PCB- 1260 uglkg 37 ND 1 6.9 6.9 247 0 NA NA SSDP03 18 KllA2 0 
Radionuclides 
Actinium-228 pCi1g 37 0.633 0 NA NA NE 0 NA NA NA NA NA 
Bismuth-:! 12 pCi/g 37 0.388 0 ' 0.415 0.415 NE 0 NA NA SSDP0314 L18lA3 0 
Bismuth-2 14 pCi1g 37 0.54 0 0.572 0.572 NE 0 NA NA SSDP0314 L18lA3 0 
Carbon- 14 pCi1g 37 ~ 0 . 1 3  0 NA NA 4200 0 NA NA NA NA NA 
Cesium- 137 pCi/g 37 0.102 4 0.129 0.191 0.1 5 0.101 0.191 SSDP0320 KllA2 2 
Gross Alpha pCi1g 37 7.42 11 7.72 10.47* NE 0 NA NA SSDP0343 M22lA3 0 
Lead-2 10 pCiIg 37 1.6 0 NA NA 9.6 0 NA NA NA NA NA 
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Table 3. Summary of the Analytic Results for the Shallow Soil Samples from the Former Eastern Dog Pens Investigation (continued) 
- - - - - - - - - -- - 

Constituent UNITS No. of Bkgd. No. of Min. Max. RBAS No. of Min. Max. Sample ID for Dog Sample 
Samples Detections Detection Detection Detections Detection Detection Maximum PedArea Depth 
Analyzed above Bkgd. above above above above above Detection within (ft) 

Bkgd. Bkgd. RBAS RBAS RBAS Pen 
Lead-2 12 pCi/g 37 0.691 0 NA NA NE 0 NA NA NA NA NA 
Lead-2 14 pCi/g 37 0.682 0 NA NA NE 0 NA NA NA NA NA 
Nonvolatile Beta pCi/g 37 15 12 15.1 28.3* NE 0 NA NA SSDP0344 M22lA3 2 
Potassium-40 pCiIg 37 14 0 NA NA NE 0 NA NA NA NA NA 
Radium-226 pCi/g 37 0.752 0 NA NA 0.0042 37 0.355 0.734 SSDP0302 M8/A2 0 
Radium-228 pCi/g 37 0.63 0 NA NA NE 0 NA NA NA NA NA 
Strontium-90 pCi/g 37 0.056 6 0.074 1 0.164 10 0 NA NA SSDP03 19 KllA2 0 
Thallium-208 pCilg 37 0.204 0 ' 0.219 0.219 NE 0 NA NA SSDP0314 L18/A3 0 
Thorium-228 pCi/g 37 0.627 4 0.632 1.54 0.0032 37 0.225 1.54 SSDP0328 K13lA1 2 
Thorium-230 pCilg 37 1.04 1 1.26 1.26 NE 0 NA NA SSDP0328 K 13/A I 2 
Thorium-232 pCi/g 37 0.63 3 0.637 1.39 0.0022 37 0.234 1.39 SSDP0328 K13lA1 2 
Thorium-234 pCi/g 37 0.78 0 ' 0.796 0.89 3.2 0 NA NA SSDP0341 M12/A3 0 
Tritium pCi/g 43 <1.2 0 NA NA 5.4 0 NA NA NA NA NA 
Uranium-2331234 pCvg 37 0.559 0 NA NA NE 0 NA NA NA NA NA 
Uranium-235 pCi/g 37 0.0638 0 NA NA 150 0 NA NA NA NA NA 
Uranium-238 pCi/g 37 0.565 0 NA NA NE 0 NA NA NA NA NA 

Abbreviations: 
NE =None established 
ND = Not detected 
NA = Not applicable 
No. = Number 
Min. = Minimum 
Max. = Maximum 
RBAS=Risk Based Action Standard (Weiss Associates, 1997) 

Notes: 
*Average of analytic results 

f-life o lone or more sample results exceeded background by less than 20%. However, the isotope is naturally occumng and has a ha1 
likely a result of laboratory error, variability of natural background, or a combination of these two factors. 

f less than 30 days. The background exceedance is 
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Table 4. Statistical Comparison of Soil Data Collected from the Former Eastern Dog Pens 

Constituent Total No. above Range of Min. and Bkgd. ' Statistical Lowest Max. RME' RME Overall P R G ~  
No. of Reporting Reporting Max. of Comparison R B A S ~  Detection below Comparison 

Samples Limit Limits Detections with Bkgd.' Below Lowest with Target 
Lowest R B A S ~  Levels 
R B A S ~  

Radionuclides PCyg PC% PC% P C U ~  PW 
Cesium- 137 37 3 1 0.004-0.007 0.0048-0.191 0.102 pass (Q) BG Fail 0.05 Pass Pass 0.02 
Radium-226 37 37 0.024-0.058 0.355-0.734 0.752 Pass BG --- --- --- Pass 0.0062 
Strontium-90 37 12 0.0145- 0.023-0.164 0.056 Fail (Q) 10 Pass --- --- Pass 14 

0.049 1 
Thorium-228 37 37 0.158-0.37 0.225-1.54 0.627 Pass BG --- --- --- Pass 0.04 1 
Thorium-230 37 37 0.03 19-0.17 0.288-1.26 1.04 Pass NE --- --- --- Pass 20 
Thorium-232 37 37 0.0267-0.153 0.234-1.39 0.63 Pass BG --- --- --- Pass 24 
Thorium-234 37 37 0.0804-0.34 0.357-0.89 0.78 Pass 3.2 --- --. --- Pass 0.69 

Metals m@g mi& m&g w k  mg/kg 

Total Chromium 37 37 2-2.4 90.7-25 1 199 Fail 722 Pass --- --- Pass 210 
Hex. Chromium 37 36 0.0347- 0.077-0.673 0.054 Fail (Q) 3.8 Pass --- --- Pass 30 (0.2) 

0.0432 
Mercury 37 37 0.029-0.38 0.09- 10.8 3.94 Pass (Q) BG Fai 1 1.95 Pass Pass 22 

Pesticides 

4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Chlordane-alpha 
Chlordane- 
gamma 
Dieldrin 
Endrin 
Endrin Ketone 

Pass --- 
Pass --- 
Pass --- 
Pass --- 
Pass --- 

Fail 5.65 
(NE) 

--- Pass 
--- Pass 
--- Pass 
--- Pass 
--- Pass 

WEISS ASSOCIATES Project Number: 128-4005 



Technical Memorandum: Investigation Results for the Former Eastern Dog Pens 
LEHR Environmental Restoration / Waste Management Rev. 0 9/24/99 
DOE Contract No. DE-AC03-96SF20686 

Table 4. Statistical Comparison of Soil Data Collected from the Former Eastern Dog Pens (continued) 

Constituent Total No. above Range of Min. and Bkgd. Statistical Lowest Max. RME~ RME Overall PRG' 
No. of  Reporting Reporting Max. of Comparison RBAS3 Detection below Comparison 

Samples Limit Limits Detections with ~ k ~ d . ~  Below Lowest with Target 
Lowest RBAS6 Levels 
R B A S ~  

PCB- 1254 37 2 39.2 24.3-54.9 'O N A  N A  NE W E )  (NE) 97 
PCB-1260 37  1 ( 4 % )  38.8 6.9 l o  N A  N A  247.74 Pass --- --- Pass 200 

Inorganics mfidk mp/kg m&g m g k  mg/kg 

Nitrate 37 31 0.126-0.156 0.351-10.1 36 Pass (Q) NE (NE) (NE) Pass (Q) N E  

Notes: 
I 

Site-specific background levels, as presented in Appendix C from "Sampling and Analysis Plan for Removal Actions.. ." (Weiss Associates, 1999b); "NA" indicates not available. 

Using Wilcoxon Rank Sum Test (WRS) with previously approved parameters; "Pass" indicates Eastern Dog Pens distribution statistically does not exceed the background distribution; "Q" 
indicates result is qualified due to insufficient data for WRS test based on Noether calculation. 

Lowest RBAS from "Draft Final Determination of Risk-Based Action Standards for DOE Areas" (Weiss Associates, 1997b); "NE" indicates none established. 

"Pass" indicates maximum Eastern Dog Pens level is lower than lowest RBAS; "---" indicates comparison not made because constituent passes comparison with background. 
5 

RME = reasonable maximum exposure level, defined as the 95% upper confidence level (UCL) on the mean. 
6 

"Pass" indicates 95% upper confidence limit (UCL) on the mean of Eastern Dog Pens data is lower than lowest RBAS; "---" indicates comparison not made because constituent passed 
previous comparison. 

USEPA Region IX Preliminary Remediation Goals, August and December, 1996, at 10-6 Risk for residential scenario; California Modified Preliminary 

"BG" indicates the lowest calculated RBAS is less than the background level. Therefore, the lowest RBAS is defined as background. 
9 

RBAS and PRG for U-238 + Th-234. 

Any values below reporting limits are estimated values (Most of the concentrations for pesticides are below reporting limits). 

Additional Abbreviations: 
Min. = Minimum 
Max. = Maximum 
No. = Number 
Bkgd. = Background 

WEISS ASSOCIATES Project Number: 128-4005 
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APPENDIX A-1 - BACKGROUND READINGS FOR EASTERN 
DOG PENS 
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Background Readings for Eastern Dog Pens Gamma Walk-over Survey 

1 Location #1 (CPM) I Location #2 (CPM) I Location #3 (CPM) I 

Average Count Rate: 1 174 cpm 

Observed Standard Deviation (a,) : 126.4 (3 a, = 379.2) 

Theoretical Standard Deviation (a,): 34.3 (3 a, = 103) 

Average +I- 3 a, = 795 - 1 553 

Average +I- 3 a, = 107 1 - 1277 

2 X Background = 2348 cpm 
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APPENDIX A-2 - CONCRETE CURBING SURVEY RESULTS 
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lnformaticnsl contamination survey of concrete curbing in support of WA 

Locution 

K $19 

L 3/2 

L 314 

L 26/27 

M 23/24 

M 30/32 

I 

Note: All of the dog pen curbs were surveyed in areas where contsrnin;~ion was Lihly to be 
present (in the vicinity of former fence posts). Whore contamination on the curbing was 
observed, the extent was determined and marked. IF contamination was not deteded in the areas 
with the greatest potential within each pen area, no further scanning was performed in the pen. 
Furthermore, the purpose of this survey was intended to guide sampling activities, nor to perfom 
a 100% characterization survey of all dog pen cu~bing surfaces. 

I 

Corittaminatian Level 
( d p d  OUcmq) 

M 3 1/32 

Remarks 

13K ( 3 , ~  

52K P,y 

13 K P,Y 

9.75K I3.y 

19.5K p,y 

LW P,Y 
1,3K a 

Horizorltal surface of curbing seperating p a s .  
No detectable alpha contaminatian. 

Horizontal surface of curbing seperating pens. 
No detectable alpha contamination. 

Horizontal surface of curbing sepetating pens. 
No detectable alpha ca f~tamination. 

Hotitontat surface of curbing seperating pens. 
Nu detectable alpha contamination. 

Horizontal surface of curbing seperating pens. 
No detectable alpha contamination. 

Horizontal surface of c~trbing stperating pens. 

1 

26K P,Y ' Horizontal surface of curbing seperating pens. 
No detectable alpha contamination. 
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Table 61 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Data Validation Qualifier Definitions: 

The following definitions provide brief explanations of the data validation qualifiers assigned to results in the data review process. 

U = The analyte was analyzed for, but was not detected above the reported sample quantitation limit. 
J = The analyte was positively identified; the associated numerical value is the approximate concentration of the analyte in the sample. 
N = The analysis indicates the presence of an analyte for which there is presumptive evidence to make a "tentative identification". 
NJ = The analysis indicates the presence of an analyte that has been "tentatively identified" and the associated numerical value represents its approximate concentration. 
UJ = The analyte was not detected above the reported sample quantitation limit. However, the reported quantitation limit is approximate and may or may not represent the 

actual limit of quantitation necessary to accurately and precisely measure the analyte in the sample. 
R = The sample results are rejected due to serious deficiencies in the ability to analyze the sample and meet quality control criteria. The presence or absence of the analyte 

cannot be verified. 

Data Validation Reason Code Definitions: 

The following descriptions provide brief explanation of the cause for qualification of the results determined in the data review process. These reason codes are used in 
combination with data qualifier, i.e. "Uz" indicated the analyte is non-detect due to method blank contamination. 

c = Calibration failure; poor or unstable response. 
d = Matrix duplicate imprecision or matrix spikelmatrix spike duplicate imprecision. 
f = Field replicate or duplicate imprecision. 
h = Holding time violation. 
i = Internal standard failure. 
1 = Laboratory control sample (LCS) recovery failure. 
m = Matrix spikelmatrix spike duplicate (MSMSD) recovery failure. 
s = Surrogate spike recovery failure. 
z = Method blank contamination. 
/ = Validation Qualifier 1 Lab Qualifier. 



Table B1.l 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Metals by CLP 

SSDP0302 SSDP0302R SSDP0303 SSDP0304 SSDP0305 SSDP0306 

Background M8, 0 '  M8, 0' M8, 2' M13, 0' M13, 2' M27, 0' 
Level UNITS 



Table B1.l 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Metals by CLP 



Table B1 .I 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Metals by CLP 

Background L13, 2 '  L18, 0' L18, 2' L21, 0' 
UNITS 



Table B1 .I 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Metals by CLP 

Background K1. 2' K3, 0' K3, 2' K13, 0' 
Level UNITS 

I I I 

Chromium 1 170 1 161 1 191 / 140 

Mercury 3.94 MGlKG 0.43 Jd/' 0.51 Jdl' 0.82 Jdl' 1 0.48 Jdl* 0.9 Jdl* 0.26 Jdl* 



Table B1 .I 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Metals by CLP 



Table 61 .I 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Metals by CLP 

SSDP0334 SSDPO335 SSDP0336 SSDP0337 SSDP0338 SSDP0338D 
L1 

Background K28, 0 '  K28, 2' M3, 0' M3, 2' M17, 0' M17, 0' 



Table B1 .I 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Metals by CLP 



Table B1.l 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Metals by CLP 

Location 

Date 
1 SSDP0345 

Background 
~ e v e l  U w s  1 M22. 2 .  

Chromium 199 MGlKG 

Mercuw 3.94 MGlKG 

SSDP0346 

K19, 0' 

SSDP0346DLl 

K19, 0' I 
196 J W  

0.52 Jm/N 

173 

0.45 Jd/ ' 
NA 

N A 



Table B1.l 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Metals by CLP 

Background 
Level UNITS 

Chromium 199 MGlKG 

Mercury 3.94 MGlKG 

153 

0.85 Jdl ' - 



Table B1.2 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Pesticides by CLP 

Background 
Level UNITS 

4,4'-DDD 

4,4'-DDE 

4,4'-DDT 

Aldrin 

alpha-BHC 

alpha-Chlordane 

beta-BHC 

delta-BHC 

Dieldrin 

Endosulfan I 

Endosulfan II 

Endosulfan Sulfate 

Endrin 

Endrin Aldehyde 

Endrin Ketone 

Gamrna-BHC 

gamma-Chlordane 

Heptachlor 

Heptachlor Epoxide 

Methoxychlor 

PCB-1016 

PCB-1221 

PCB-1232 

PCB-1242 

PCB-1248 

PCB-1254 

UGIKG 

UGIKG 

UGIKG 

UGIKG 

UGIKG 

UGIKG 

UGIKG 

UGlKG 

UGIKG 

UGlKG 

UGlKG 

UGIKG 

UGIKG 

UGIKG 

UGIKG 

UGIKG 

UGIKG 

UGIKG 

UGlKG 

UGIKG 

UGIKG 

UGIKG 

UGIKG 

UGlKG 

UGlKG 

UGIKG 

JqlJP 

IU 

JqlJP 

IU 

IU 

JWJP 

IU 

IU 

JqlJ 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

J qlJ 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 1.6 

IU c3.8 

IU ~ 3 . 8  

1U 4 . 9  

IU 4 . 9  

JqlJP 4 . 9  

IU 4 . 9  

IU 4 . 9  

N ~ 3 . 8  

IU 4 . 9  

IU c3.8 

IU ~ 3 . 8  

IU C3.8 

IU c3.8 

IU c3.8 

IU -4.9 

JqN -4.9 

IU 4 . 9  

IU 4 . 9  

IU 4 9 . 2  

IU c38.3 

IU c76.6 

IU c38.3 

IU c38.3 

IU ~ 3 8 . 3  

IU c38.3 

JqlJP 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

RI 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 



Table B1.2 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Pesticides by CLP 

I Background / M8, 0 '  I M8, 0' I M8. 2' / M13, 0' I M13,2' I M27, 0' I 
~eve l  UNITS / i 

PCB-1 260 UGIKG 1 ~ 4 0 . 2  IU I NA 1 ~ 3 8 . 3  IU 1 ~ 3 9 . 2  IU 1 c38.3 IU 

Toxaphene UGIKG ~ 2 0 1  IU ( N A  ( 4 9 2  IU 4 9 4  IU 4 9 6  IU 4 9 2  IU 



Table B1.2 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Pesticides by CLP 

Background 
Level UNITS 

4.4'-DDD UGIKG 

4,4'-DDE UGIKG 

4,4'-DDT UGIKG 

Aldrin UGIKG 

alpha-BHC UGlKG 

alpha-Chlordane UGIKG 

beta-BHC UGIKG 

delta-BHC UGIKG 

Dieldrin UGIKG 

Endosulfan I UGIKG 

Endosulfan II UGIKG 

Endosulfan Sulfate UGlKG 

Endrin UGIKG 

Endrin Aldehyde UGIKG 

Endrin Ketone UGlKG 

Gamrna-BHC UGlKG 

garnrna-Chlordane UGIKG 

Heptachlor UGIKG 

Heptachlor Epoxide UGIKG 

Methoxychlor UGIKG 

PCB-1016 UGIKG 

PCB-1221 UGlKG 

PCB-1232 UGIKG 

PCB-1242 UGIKG 

PCB-1248 UGIKG 

PCB-1254 UGlKG 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

JqlJ 

IU 

IU 

IU 

N 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

N 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

JqlJ 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 



Table 81.2 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Pesticides by CLP 

I Background I M27, 2 '  1 L2, 0' I L2, 2' 1 L3 ,V  1 L3, 2' I L13,0' I 
UNITS I 

PCB-1260 UGIKG / ~ 3 8 . 3  IU 1 ~39 .7  IU 1 ~ 3 9 . 2  IU / ~ 3 8 . 3  IU 1 ~ 3 8 . 3  IU / c37.9 IU 

Toxaphene UGIKG 4 9 2  IU 4 9 8  IU -496 IU 4 9 2  IU 4 9 2  IU 4 8 9  IU 



Table 81.2 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Pesticides by CLP 

Background 
Level UNITS 

4,4'-DDD 

4,4'-DDE 

4,4'-DDT 

Aldrin 

alpha-BHC 

alpha-Chlordane 

beta-BHC 

delta-BHC 

Dieldrin 

Endosulfan I 

Endosulfan I1 

Endosulfan Sulfate 

Endrin 

Endrin Aldehyde 

Endrin Ketone 

Garnrna-BHC 

garnrna-Chlordane 

Heptachlor 

Heptachlor Epoxide 

Methoxychlor 

PCB-1016 

PCB-1221 

PCB-1232 

PCB-1242 

PCB-1248 

PCB-1254 

UGIKG 

UGIKG 

UGlKG 

UGIKG 

UGlKG 

UGIKG 

UGlKG 

UGIKG 

UGIKG 

UGIKG 

UGIKG 

UGIKG 

UGlKG 

UGlKG 

UGIKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGIKG 

UGIKG 

UGIKG 

UGIKG 

UGIKG 

IU 

IU 

IU 

IU 

IU 

JWJP 

IU 

IU 

JWJ 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

JUJP 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

JqlJ 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

N 

IU 

IU 

IU 

IU  

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

JIP 

IU 

IU 

IU 

IU 

IU 

IU 

N 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

Jfl 



Table 81.2 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Pesticides by CLP 

Background L13, 2 '  L18, 0' L18, 2' 

Level UNITS 

Toxaphene UGlKG 4 8 5  IU ~ 2 0 1  IU 4 9 6  IU ~ 2 0 3  IU -4 94 IU 1 4 9 6  IU 
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Table B1.2 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Pesticides by CLP 



Table 81.2 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Pesticides by CLP 

Background 
Lev=' UNITS 

4,4'-DDD 

4,4'-DDE 

4,4'-DDT 

Aldrin 

alpha-BHC 

alpha-Chlordane 

beta-BHC 

delta-BHC 

Dieldrin 

Endosulfan I 

Endosulfan II 

Endosulfan Sulfate 

Endrin 

Endrin Aldehyde 

Endrin Ketone 

Gamma-BHC 

gamma-Chlordane 

Heptachlor 

Heptachlor Epoxide 

Methoxychlor 

PCB-1016 

PCB-1221 

PCB-1232 

PCB-1242 

PCB-1248 

PCB-1 254 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGIKG 

UGlKG 

UGIKG 

UGIKG 

UGIKG 

UGIKG 

UGIKG 

UGIKG 

UGIKG 

UGlKG 

UGIKG 

UGIKG 

UGlKG 

UGlKG 

UGIKG 

UGlKG 

UGIKG 

UGlKG 

UGIKG 

UGlKG 

UGIKG 

UGIKG 

IU 

IU 

IU 

IU 

IU 

JqIJ 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

JqlJ 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

N 



Table B1.2 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Pesticides by CLP 

Background K18, 0' K18, 2' K18, 2' I Level UNITS 



Table B1.2 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Pesticides by CLP 

Background 
Level UNITS 

4,4'-DDD 

4.4'-DDE 

4,4'-DDT 

Aldrin 

alpha-BHC 

alpha-Chlordane 

beta-BHC 

delta-BHC 

Dieldrin 

Endosulfan I 

Endosulfan II 

Endosulfan Sulfate 

Endrin 

Endrin Aldehyde 

Endrin Ketone 

Gamma-BHC 

gamma-Chlordane 

Heptachlor 

Heptachlor Epoxide 

Methoxychlor 

PCB-1016 

PCB-I 221 

PCB-1232 

PCB-1242 

PCB-1248 

PCB-1254 

UGlKG 

UGlKG 

UGIKG 

UGIKG 

UGIKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGIKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

IU 

JqlJ 

JWJP 

IU 

IU 

JqN 

IU 

IU 

IU 

IU 

IU 

JWJP 

IU 

J WJ 

IU 

JqlJ 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 



Table B1.2 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Pesticides by CLP 

Background K28, 0 '  K28, 2' M3. 0' M3, 2' M17. 0' 
Level UNITS 

I PCB-1260 UGIKG 1 ~38 .3  IU 1 ~39 .7  IU 1 ~35 .8  IU 1 ~36 .2  I 
Toxaphene UGIKG 4 9 2  IU / 4 9 8  IU 4 9 4  IU 4 7 9  IU 4 8 1  IU ~ 9 0 6  IU 



Table 81.2 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Pesticides by CLP 

Background 
Level UNITS 

4,4'-DDD 

4.4'-DDE 

4,4'-DDT 

Aldrin 

alpha-BHC 

alpha-Chlordane 

beta-BHC 

delta-BHC 

Dieldrin 

Endosulfan I 

Endosulfan II 

Endosulfan Sulfate 

Endrin 

Endrin Aldehyde 

Endrin Ketone 

Gamma-BHC 

gamma-Chlordane 

Heptachlor 

Heptachlor Epoxide 

Methoxychlor 

PCB-I016 

PCB-1221 

PCB-1 232 

PCB-1 242 

PCB-I 248 

PCB-I254 

UGIKG 

UGIKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGIKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

UGlKG 

JqN 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

JojJ 
IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

JojJP 

IU 

IU 

IU 

IU 

JojJ 

IU 

IU 

JqN 

IU 

IU 

IU 

JWJP 

IU 

IU 

IU 

JqlJ 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 



Table 81.2 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Pesticides by CLP 



Table B1.2 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Pesticides by CLP 

Location 
Date Background 

Level UNITS 

4,4'-DDD UGlKG 

4,4'-DDE UGlKG 

4,4'-DDT UGlKG 

Aldrin UGlKG 

alpha-BHC UGlKG 

alpha-Chlordane UGIKG 

beta-BHC UGlKG 

delta-BHC UGIKG 

Dieldrin UGlKG 

Endosulfan I UGIKG 

Endosulfan II UGIKG 

Endosulfan Sulfate UGlKG 

Endrin UGlKG 

Endrin Aldehyde UGIKG 

Endrin Ketone UGIKG 

Gamma-BHC UGlKG 

gamma-Chlordane UGlKG 

Heptachlor UGIKG 

Heptachlor Epoxide UGlKG 

Methoxychlor UGlKG 

PCB-1016 UGlKG 

PCB-1221 UGlKG 

PCB-1232 UGIKG 

PCB-1242 UGIKG 

PCB-1248 UGIKG 

PCB-1254 UGIKG 

PCB-1260 UGlKG 

IU 

JIP 

IU 

IU 

JqIJ 
IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

Jq/E 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

IU 

JqlE 

IU 

IU 

IU 

IU 

IU 

IU 

N 

IU 

1U 

IU 



Table B1.2 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Pesticides by CLP 

Location 
Date 

I I 1 

Toxaphene UGIKG 1 4 8 7  IU 1 ~ 1 8 7  IU 1 c374 IU I 

Background 
UNITS 

SSDP0345 SSDP0346 

M22, 2 '  K19, 0' 

SSDP0346DLl 

K19, 0' 



Table 81.2 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Pesticides by CLP 

Background 
UNITS 

4,4'-DDD UGlKG 

4,4'-DDE UGlKG 

4,4'-DDT UGlKG 

Aldrin UGlKG 

alpha-BHC UGlKG 

alpha-Chlordane UGlKG 

beta-BHC UGlKG 

delta-BHC UGIKG 

D~eldrin UGIKG 

Endosulfan I UGIKG 

Endosulfan II UGIKG 

Endosulfan Sulfate UGIKG 

Endrin UGlKG 

Endrin Aldehyde UGlKG 

Endrin Ketone UGlKG 

Gamma-BHC UGIKG 

gamma-Chlordane UGlKG 

Heptachlor UGIKG 

Heptachlor Epoxide UGlKG 

Methoxychlor UGIKG 

PCB-1016 UGIKG 

PCB-1221 ' UGIKG 

PCB-1232 UGIKG 

PCB-1242 UGIKG 

PCB1248 UGlKG 

PCB-1254 UG/KG 

PCB-1260 UGlKG 



Table 81.2 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Pesticides by CLP 

Background 
UNITS 

I 

Toxaphene UGlKG 4 7 2  IU I 



Table 81.3 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Radiochemical Analyses 

Lab-chem Background Units CSDP0003R 



Table 81.3 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Radiochemical Analyses 

Lab-chem Background Units 
Levels 

CSDP0005 

WD, 0 ' 
CSDP0004 

M31, 0 '  

CSDP0005R 

9 I 

CSDP0006 

W14, 0 ' 



Table B1.3 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Radiochemical Analyses 

I (value Uncert MDA (value Uncert MDA balue Uneert MDA !value Uncert MDA 

Lab-chem Background Units 
Levels 

CSDP0006R 
I 

9 

GSDPOOOl 

M8, 0 ' 
GSDPOOO2 

M13, 0 ' 

GSDP0003 

M27, 0 ' 



Table B1.3 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Radiochemical Analyses 

Lab-chem Background Units 
Levels 

GSDP0004 

L2, 0 ' 
Value Uncert MDA 

GSDP0005 

L3, 0 ' 
Value Uncert MDA 

GSDP0006 

L13, 0 ' 
Value Uncert MDA 

GSDP0007 

L18, 0 ' 
Value Uncert MDA 



Table 81.3 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Radiochemical Analyses 

Lab-chem Background Units 
Levels 

Radium-226 0.752 PCUG 
Strontium-W 0 056 PCUG 

GSDP0009 

K1, 0 ' 
Value Uncert MDA 

GSDP0008 

L21, 0 ' 
Value Uncert MDA 

0.316 0.048 0.0194 
0.0009 N 0 0161 0.0299 

GSDPOOlO 

K10, 0 ' 
Value Uncert MDA 

GSDPOOll 

K10, 0 ' 
Value Uncert MDA 

0.272 0.0442 0.0187 
-0.0076 N 0.0185 0.0307 

0 345 0.0479 0 0204 
0.0031 N 0 0187 0 0304 

0.255 0.0517 00216 
0.016 N 0.0196 0 0289 



Table B1.3 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Lab-chem Background Units 
Levels 

Radium-226 0.752 PCUG 
Strontium-90 0.056 PCUG 

GSDP0013 

K18, 0 ' 
Value Uncert MDA 

GSDP0012 

K10, 0 ' 
Value Uncert MDA 

0.298 0.0555 0.0262 
0.0242 N 0.0195 0.0345 

GSDP0014 

M3, 0 ' 
Value Uncert MDA 

GSDP0015 

Ml2,  0 ' 
Value Uncert MDA 

0.251 0.0405 0.0176 
0 0324 11 0.0171 0.0264 

0.281 0.0467 00185 
-0 0076 N 0.0204 0 0337 

0.36 00502 0.021 
-0 0034 N 0 019 0.03 13 



Table 81.3 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Radiochemical Analyses 

I Lab-chem Background Units 
Levels 

1 l ~ a l u e  Uncert MDA 

Actin~um-228 

Bismuth-212 
Bismuth-214 

Carbon-14 

Caium-137 

Cobalt-60 
Gross Alpha 
Lad-210 

Lcad-212 

Lead-214 
Nonvolatile Be3a 

Potassium40 

Radium-223 
Radium-226 

Radium-228 

Suontium-90 

Thallium-208 

Thorium228 
Thorium-230 

Thorium-232 
Thorium-234 

Tritium 
Urmium-233i234 
Uranium-23 5 

PCUG I- - - 
PCUG 

PCUG 

PCUG 

PCUG 
PCUG 

PCUG 
PCUG 

PCUG 

PCUG 
PCUG 

PCUG 

PCUG 
PCUG 

PCUG 

PCUG 

PCUG 

PCUG 
PCUG 

PCUG 
PCUG 
PCUG 
PCUG 

PCUG 

Uranium-238 0.565 PCUG - - - 

falue Uncert MDA l ~ a l u e  Uncert MDA (value Uncert MDA 
.- -- - 0 482 0.0698 00171 10.464 0.0675 0 0178 



Table 81.3 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Radiochemical Analyses 

I Lab-chem Background Units 
Levels 

I b l u e  Uncert MDA 

Aninium-228 

Bismuth-212 

Bismuth-214 
Carbon-14 

Csium-137 

Cobalt-60 
Gross Alpha 

Lead-2 I0 

Lead-2 I2 
Lead-214 

Nonvolatilc Beta 

Potasium-40 

Radium423 

Radium-226 

Radium-228 
Suonuurn-90 

Thallium-208 

Thorium-228 

Thorium-230 
Thorium-232 

Thorium-234 
Tritium 
Uranium-233i234 

Uranium-23 5 

PCUG 

PCUG 

PCUG 
PCUG 

PCUG 

PCUG 
PCUG 

PCUG 

PCUG 
PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 
PCUG 

PCUG 

PCUG 
PCUG 

PCUG 

PCUG 
PCUG 
PCUG 

PCUG 

falue Uncert MDA Value Uncert MDA 

00794 00168 



Table B1.3 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Radiochemical Analyses 

balue Uncert MDA lvalue Uncert MDA balue Uncert MDA 

4Rinium-228 
Bismuth-212 
B~smulh-214 
:arbon- 14 
Caium-137 
kbalt-60 
Gross Alpha 
Lcad-210 
Lud-2 12 
Lud-214 
Nonvolatile Beta 
Potasrium-lO 
Radium-223 
Radium-226 
Radium-228 
Strontium-90 
Thallium-208 
Thorium-228 
Thorium-230 
Thorium-232 
Thorium-234 
Tritium 
Uranium-233L74 
Urnium-235 
Uranium-238 

Lab-chem Background Units 
Levels 

SSDP0310 

L3, 0 ' 
I'alue Uncert MDA 

SSDP0308 

L2, 0 ' 

SSDP0307 

M27, 2 ' 

SSDP0309 

L2, 2 ' 



Table B1.3 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Radiochemical Analyses 

I Lab-chem Background Units 1 SSDP0311 
Levels I W, 2 '  

I b a l u e  Uncert MDA 

Actinium-228 

B~smuth-212 

Bismuth-214 

Carbon- 14 

Cesium-137 

Cobalt-60 

Gross Alpha 

Lead-210 

Lead-2 12 

M - 2 1 4  

Nonvolatile Baa 

Potassium40 

Radium-223 

Radium-226 

Radium-228 

Strontium-90 

Thallium-208 

Thorium-228 

Thorium-230 

Thorium-232 

Thorium-234 

Tritium 

Uranium-2331234 

Uranium-235 

Uranium-238 

r'alue Uncert MDA Value Uncert MDA Value Uncert MDA 

00618 00156 0.508 0.0731 0.017 0.594 0.0807 0.0269 
00484 00315 0326 0.0567 00355 0.086 0 0589 

OM64 00074 0449 0.0507 0.0081 0.0846 00137 
0.039 0 0643 00606 N 0.0372 00619 0.0496 N 0 0377 0063 



Table B1.3 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Radiochemical Analyses 

Actinium-228 

Bismuth-212 
Bismuth-214 

Carbon-14 
Caium-I37 
Cobalt-60 

Gmsr Alpha 
Lead-210 

Lad-212 
Lead-214 

Nonvolatile Beta 

Potassium40 

Radium-223 

Radium-226 
Rad~um-228 

Stronuum-90 
Thallium-208 

Thorium-228 
Thorium-230 

Thorium-232 
Thorium-234 
Tritium 
Uranium-2331234 

Uranium-235 

Lab-chem Background Units 
Levels 

Uranium-238 0 565 PCUG 0408 0.04% 0 002 0.549 0.065 0.0083 10413 00515 00063 

SSDP03 16 

L21, 0 '  

Value Uncert MDA 

SSDP0315 

L18, 2 ' 
Value Uncert MDA 

PCUG 

PCUG 
PCVG 
PCUG 

PCUG 
PCUG 

PCVG 

PCUG 
PCUG 
PCVG 

PCVG 

PCUG 

PCUG 

PCUG 
PCVG 

PCVG 

PCVG 

PCUG 
PCUG 

PCUG 
PCUG 
PCUG 

PCUG 
PCUG 

Value Uncert MDA 

SSDP0318 

Kl ,  0 ' 
Value Uncert MDA 

0.505 
0 281 

0.438 
0.0367 

0.0048 
-0.0024 
6 6 3  

4 7 1 3  

0.518 
0.504 

11.9 

12.6 

00031 
0.403 

0.505 

0.0113 
0.15 

0.365 
0464 
0.333 

0.6 
-1.02 
0 3 8 9  
0.03 



Table B1.3 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Radiochemical Analyses 

Actin~um-228 

Bismuth-212 

Bismuth-214 

Carbon-14 

Cesium-137 
Cobalt-60 

Gross Alpha 

Lead-210 

Lead-212 

Lead-214 

Nonvolatile Beta 

Potarsium-40 

Radium-223 

Radium-226 

Radium-228 

Strontium-90 

Thallium-208 

Thorium-228 

Thorium-230 

Thorium-232 

Thorium-234 

Tritium 

Uranium-233/234 

Uranium-235 

Uranium-238 0.565 PCUG 0.415 0.04% 0.0067 0.378 0.0467 0.0072 0.438 0.0517 0.0019 

Lab-chem Background Units 
Levels 

SSDP0323 

K3, 0 '  

Value Uncert MDA 

SSDP0320 

K1, 2 ' 
Value Uncert MDA 

SSDP0324 

K 3 , 2 '  

Value Uncert MDA 

SSDP0327 

K13, 0 ' 
Value Uncert MDA 



Table 81.3 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Radiochemical Analyses 

Aninium-228 

Bismuth-212 

Bismulh-214 

Carbon-14 

Caium-I37 

Cobalt-60 

Gmss Alpha 

Lcad-210 

Lcad-212 

Lead-214 

Nonvolatile Betn 

Potassium-40 

Radium-223 

Radium-226 

Radium-228 

Strontium-90 

Thallium-208 

Thorium-228 

Thorium-230 

Thorium-232 

Thorium-234 

Tritium 

Uranium-233l234 

Uranium-235 

Lab-chem Background Units 
Levels 

SSDP0328 

K13, 2 ' 
Value Uneert MDA 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 
PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

0.421 

0.232 

0.383 

0 0075 N 

0.101 

00018 N 
6.14 

0234 N 
0.447 

0.463 

13 7 

11.2 

-0.0061 N 
0458 

0421 

-0.0321 N 

0.132 

Uranium-238 0 565 PCVG 0.409 0.0494 0.007 

PCUG 

PCUG 

PCUG 

SSDP0329 SSDP0330 

K16, 0 ' K16, 2 ' 
Jalue Uncert MDA 

-0279 N 
0402 

0.0302 

SSDP0331 

K18, 0 ' 
Jalue Uncert MDA 



Table B1.3 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Radiochemical Analyses 

I Lab-chem Background Units 
Levels 

I !value Uncert MDA l ~ a l u e  Uncert MDA l ~ a l u e  Uncert MDA l ~ a l u e  Uncert MDA 

Actinium-228 
B~smulh-212 

Bismuth-214 

Carbon-14 
Cesium-137 

Cobalt40 
Gross Alpha 

Lead-210 
Lead-212 

Lad-214 
Nonvolatile Beta 

Potassium-40 
Radium-223 

Radium-226 

Radium-228 

Suontium-90 
Thallium-208 

Thorium-228 
Thorium-230 

Thonum-232 

Thorium-234 
Tritium 

Uranium-233034 
Uranium-235 
Uranium-238 0 565 PCUG 10.394 00481 00092 10.407 0.0784 0 0077 0.445 0 0551 0.0095 10462 0.0536 00053 

PCUG 
PCVG 

PCUG 

PCUG 
PCUG 

PCUG 
PCUG 

PCUG 
PCUG 

PCUG 
PCUG 

PCUG 
PCUG 

PCUG 

PCUG 

PCUG 
PCUG 

PCUG 
PCUG 

PCUG 
PCUG 

PCUG 
PCUG 

PCUG 

0.3% 

0.243 

0.366 
0.0214 N 
0.0053 N 
0.0024 N 
5.37 
0.386 N 

0.397 
0.3% 

12.9 

7.75 
6.0074 N 

0.444 

03% 

00087 N 
0 I26 

0 297 

0343 
0.412 

0472 I1 
0.153 N 
0.408 
0.0243 



Table B1.3 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Actinium-228 

Bismuth-212 

Bismuth-214 

Carbon-14 

Cesium-137 

Cobdt-60 

Gross Alpha 

Lead-210 

Lead-2 12 

Lcad-214 

Nonvolatile Bela 

Potassium-40 

Radium-223 

Radium-226 

Radium-228 

Suontium-90 

Thallium-208 

Thorium-228 

Thorium-230 

Thorium-232 

Thorium-234 

Tritium 

Uranium-233034 

Uranium-235 

Lab-chem Background Units 
Levels 

SSDP0336 

M3, 0 ' 
Value Uncert MDA 

Uranium-238 0.565 PCUG 0377 0.0556 0.0036 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

PCUG 

0.41 

0291 

0382 

00155 

0.0066 

-0.0049 

3.48 

0414 

0.443 

0.422 

13.4 

10.9 

00342 

0.412 

041  

40009 

0 149 

0.303 

0.288 

SSDP0339 

M17, 0 ' 

falue Uncert MDA 

Radiochemical Analyses 

0.0649 

0.0541 

0 0555 

N 0039 

UJfN 0.0043 

N 0.0027 

1 97 

/I 0.0883 

0.0549 

0 0499 

1 98 

113 

N 0.0416 

0.0935 

0.0649 

N 00204 

0.0206 

0.13 

0.146 

0.116 

It7 0.136 

N 0459 

0 0625 

0 0132 

0 0636 

SSDP0337 

M3, 2 ' 
talue Uncert MDA 

SSDP0338 

M17, 0 ' 

Value Uncert MDA 



Table B1.3 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

ktinium-228 

3ismuth-212 

3ismulh-214 

:arbon- 14 

:miurn-137 

:obalt-60 

jmss Alpha 

-ad-2I0 

-ad-2 12 

Lead-2 14 

Vonvolntilc Baa 
?otassium40 

bdium-223 

Udium-226 

Xadium-228 

Strontium-90 
rhallium-208 

rhorium-228 

rhoriurn-230 

Thorium-232 

rhorium-234 

Trihum 
Uranium-233/234 

Uranium-235 

Lab-chem Background Units 
Levels 

SSDP034O 

M17, 2 ' 

Value Uncert MDA 

Uranium-238 0.565 PCUG 0.399 0.0537 0 0128 

PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCUG 
PCVG 
PCUG 
PCUG 
PCUG 

0.48 

0.295 

0.386 

-0.0017 

00014 

0.0006 

5 89 

0.781 

0498 

0.455 

11.2 

122  

0.0299 

0.476 

048  

-0.0518 

0.149 

0.408 

0.468 

0.35 

0.436 

4.242 

0.395 

0.0335 

Radiochemical Analyses 

SSDP0341 

M12, 0 ' 
Value Uncert MDA 

SSDP0342 

M12, 2 ' 
Value Uncert MDA 



Table 81.3 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Radiochemical Analyses 

4ctinium-228 

Bismuth-212 

Bismuth-2 14 

Carbon-14 

Caium-137 

Cobalt-60 

Gross Alpha 

Lead-210 

L d - 2 1 2  

Lead-214 

Nonvolatile Baa 

Potassium-40 

Radium-223 

Radium-226 

Radium-228 

Strontium-90 

Thallium-208 

Thorium-228 

Thorium-230 

Thorim-232 

Thonum-234 

Tritium 

Uranium-233R34 

Uranium-235 

Uranium-238 

SSDP0344 

M22, 2 ' 
Value Uncert MDA 

Lab-chern Background Units 
Levels 

SSDP0343Rl 

M22, 0 ' 
Value Uocert MDA 

SSDP0343 

M22, 0 ' 
Value Uncert MDA 

SSDP0343R2 

M22, 0 ' 

Value Uncert MDA 



Table B1.3 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Radiochemical Analyses 

Bismuth-212 
Bismuth-214 
Carbon-14 
Caium-137 
Cobalt-60 
Gross Alpha 
Lead-210 
Lad-2 I? 
Lead-214 
Nonvolatile Beta 

Potauium-40 
Radium-223 
Radium-226 
Radium-228 
Strontium-W 
Thallium-208 
Thorium-228 
Thorium-230 
Thorium-232 
Thorium-234 
Tritium 
Uranium-233iZ34 
Uranium-23 5 

Lab-chem Background Units 
Levels 

PCWG 

PCWG 
PCWG 

PCWG 

PCVG 

PCWG 
PCUG 

PCWG 

PCWG 
PCWG 

PCWG 

PCWG 
PCWG 

PCWG 
PCVG 

PCWG 

PCWG 

PCWG 
PCWG 

PCWG 

PCWG 

PCWG 
PCWG 

PCWG 

N 

N 
Jfl 
11 

Jfl 

N 

N 

N 
N 

SSDP0344Rl 

M22, 2 ' 
Value Uncert MDA 

Uranium-238 0.565 PCWG - - - -- -- - 0 405 0.0513 0 0083 

SSDP0344R2 SSDP0345 

M22, 2 '  M22, 2 ' 
Value Uncert MDA Value Uncert MDA 

0.458 00688 0.0152 



Table 81.3 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Radiochemical Analyses 

Actinium-228 
Bismuth-212 
Bismuth-214 
Carbon-14 
Cesium-137 
Cobalt-60 
Gross Alpha 
Lead-210 
Lead-212 
Lead-214 
Nonvolatile Beta 
Potlsrium-40 
Radium-223 
Radium-226 
Radium-228 
Strontium-90 
Thallium-208 
Thorium-228 
Thorium-230 
Thonum-232 
Thorium-234 
Tritium 
Uranium-233i234 
Uranium-235 

Lab-chem Background Units 
Levels 

Value Uncert MDA 

SSDP0347 

K19, 2 ' 
Value Uncert MDA 

SSDP0348 

K20, 0 ' 
Value Uncert MDA 

Uranium-238 0.565 PCVG 10.444 0.0537 0 0 0 2 l  

SSDP0349 

K22, 0 ' 
Value Uncert MDA 

I-- -- - - - - 



Table 81.3 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

Radiochemical Analyses 

Tritium 1.2 PCYG -0.78 /U 0.466 0 881 1-0.368 N 0.538 0 971 1-0.7 N 0.494 0 923 

Lab-chem Background Units 
Levels 

SSDP0352 

K30, 0 ' 
Value Uncert MDA 

SSDP0351 

K26, 0 ' 
Value Uncert MDA 

SSDP0353 

K32, 0 ' 
Value Uncert MDA 



Table 81.4 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

General Chemistry 

I Nitrogen, Nitrate 36 MGIKG / 1.09 1 0.796 I IU 11.57 / 1.03 

Background 
Level UNITS 

M8. 0 '  M8, 0' M8, 2' M13, 0' 

Nitrogen. Total Kjeldahl MGlKG 2.88 N A 247 336 348 319 



Table B1.4 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

General Chemistry 

Background M27, 2 '  L3, 0' L3, 2' 
Level UNITS I 

I Nitrogen, Nitrate 

Nitrogen, Total Kjeldahl 

36 MGlKG 1.09 0.581 0.855 0.791 

MGlKG 239 1 143 1 319 IJ 1 253 



Table B1.4 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

General Chemistry 

Background L13, 2 '  L18, 0' LIB, 2' L21, 0' 
Level UNITS 

I Evaporative Loss @ 105 C 1 l7 1 l5 1 l4 1 l5 

I Nitrogen, Nitrate 36 MGlKG / 0.432 IJ 1 <I IU / < I  IU 1 5.74 1 2.09 
Nitrogen, Total Kjeldahl MGlKG 344 192 286 1 452 1 466 



Table 81.4 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

General Chemistry 

Background K1, 2 '  K3, 0' K3, 2' K13, 0' 
Level UNITS 

I Evaporative Loss @ 105 C WT% 115 1 lo I l4 1 l3 1 
Nitrogen, Nitrate 36 MGlKG 

Nitrogen, Total Kjeldahl MGlKG 

10.1 

472 

1 .05 0.832 IJ 

233 1 118 

-4 IU 

374 

0.351 N 0.775 IJ 

305 1 183 



Table 81.4 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

General Chemistry 

Background K16, 2 '  K18, 0' K18, 2' K18, 2' K18, 2' 
Level UNITS 

I Nitrogen, Nitrate 

Nitrogen. Total Kjeldahl 

36 MGlKG 4 IU 0.614 

MGlKG 247 1 183 



Table 61.4 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

General Chemistry 

-- 

SSDP0334 SSDP0335 SSDP0336 SSDP0337 SSDP0338 

Background K28, 0 '  K28, 2' M3, 0' M3, 2' M17, 0' M17. 0' 
Level UNITS 

I Nitrogen. Nitrate 

Nitrogen, Total Kjeldahl 

36 MGIKG 0.475 N 0.531 0.706 0.286 

MGIKG 101 1 I61 1 127 ( 204 I 



Table 61.4 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

General Chemistry 

Background M17, 0' M17, 2' M12, 0' M12, 2' 
Level UNITS 

I Evaporative Loss @ 105 C 1 l5 

I Nitrogen, Nitrate 36 MGlKG / 0.874 IJ / 0.657 IJ / 0.492 IJ / 1.13 1 1.3 1 2.99 

Nitrogen, Total Kjeldahl MGlKG 222 325 153 1,030 195 199 



Table B1.4 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

General Chemistry 

Location 
Date 

Chromium. Hexavalent 

Evaporative Loss @ 105 C 

Background 
Level UNITS 

SSDP0345 

M22, 2 ' 

Nitrogen. Nitrate 36 MGlKG 

Nitrogen. Total Kjeldahl MGlKG 
7 

SSDP0346 

1.76 0.98 

356 1 I65 

SSDP0346DL1 

NA 

NA 

K19, 0' , K19,0' 



Table B1.4 
LEHR Environmental Restoration 

Analytical Results For Eastern Dog Pen Investigation 

General Chemistry 

Background 
UNITS 

I Evaporative Loss @ 105 C 1 

I Nitrogen. Nitrate 

Nitrogen, Total Kjeldahl 

36 MGlKG 

MGlKG 


