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EXECUTIVE SUMMARY (VOLUME 2) 

ES.l NATURE AND EXTENT OF CONTAMINATION 

The nature and extent of contamination at Waste Area Grouping \WAG) 1 are described. 
in this volume by media type-groundwater, soils, sediment, and surface water. Airborne 
contaminants were not investigated. 

ES.l.l Groundwater 

Several areas of contamination were identified on the basis of groundwater sampling 
program results. Both radiological and chemical contaminants were identified; the primary 
man-made radiological contaminants are strontium-90 and tritium, and less frequently 
encountered radionuclides include technetium-99, cesium-137, cobalt-60, nickel-63, iron-55, 
and the transuranics americium-241, plutonium-23812391240, and curium-244. The primary 
naturally occurring radionuclides detected were radium-228, thorium-22812301232, and 
uranium 234. Most contaminants were within the range of reference levels, but radium-228 
and uranium-234 exceeded reference concentrations in several areas and are probably site 
contaminants (see Sect. 4.3). 

The most widespread organic compounds found in groundwater are trichloroethylene and 
its degradation products l,2-dichloroethene and vinyl chloride (see Fig. ES.4.3). The metals 
silver, cadmium, chromium, lead, and mercury (one sample only) were detected in unfiltered 
samples at concentrations exceeding maximum contaminant levels (MCLs); cadmium, 
chromium, and lead, in excess of their respective MCLs, tend to occur together. Cadmium 
exceeded the MCL at the largest number of locations. 

ES.1.2 Soils 

Both man-made and naturally occurring alpha-emitting radionuclides were detected in 
soil. The primary man-made alpha-emitters detected include americium-241 and plutonium-
23812391240, and uranium-2341238 was. found in .conce.ntrations above typical reference 
values. Most of the contamination is near Building 3019, North Tank Farm, South Tank 
Farm, isotope area, surface iiripoundments, Building 3503/3504 storage pad, floodplain soils, 
Solid Waste Storage Area (SWSA) 1, and the thorium tank farm. 

Beta-emitting radionuclides commonly found in soils include cesium-137, strontium-90, 
and cobalt-60. Other man-made radionuclides such as technetium-99, europium-152/154/155, 
nickel-63, calcium-45, and tritium are found less often and usually at levels below reference 
values. Naturally-occurring beta emitting radionuclides detected above typical reference 
values include thorium-2321234 and radium-228. 

A surface radiation survey was used to identify potential areas of radiological 
contamination; 42 soil sampling locations were selected using the survey data. Elevated 
exposure rates in four areas were determined to be caused by radiologically contaminated 
soils, and the exposure rates in seven other areas are probably attributable to skyshine from 
nearby structures or process operations. 
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and therefore are site contaminants. Cesium-137 was the most frequently detected 
radionuclide. A decline in the maximum WOC cobalt-60 concentration from 250, 167, and 
460 pCi/g in past studies to a current level of 12.6 pCi/g suggests that the cobalt-60 loading 
in surface water has declined. 

VOC contamination in sediments was minimal. However, PAHs detected in samples 
throughout WOC and in Fifth Creek are probably the result of coal combustion and parking 
lot runoff. The metals cadmium, chromium, copper, lead, and mercury were detected above 
reference levels. Although mercury concentrations in WOC were comparable with those 
found in previous studies, the very high concentrations previously found below outfalls in 
Fifth Creek were not encountered. This difference is probably the result of the selection of 
sampling locations and should not be considered an indication that the high concentrations 
of mercury detected in previous studies have dissipated. 

ES.2 FATE AND TRANSPORT 

General information presented on the fate and transport processes at WAG 1 will be the 
basis for more detailed, operable unit-specific evaluations to be completed during future 
investigations. The discussion here is essentially a qualitative assessment and does not 
estimate exposure point contaminant concentrations. 

The transport velocities of various contaminants identified during the Phase I 
investigation were calculated using average linear groundwater velocity and contaminant­
specific distribution coefficients. The site-specific toxicity characteristic leaching procedure 
results indicate that most radionuclides (except for tritium and strontium-90) tend to adsorb 
to the soils. Site-specific distribution coefficient CK.t) tests verified a high K.i for cesium-137 
and a relatively low K.i for strontium-90. Contaminant travel times from identified sources 
to surface waters are calculated for the primary radionuclides tritium, strontium-90, and 
radium-228 and for less common radionuclides. A qualitative assessment of the volatiles 
trichloroethylene, 1,2-dichloroethene, and vinyl chloride is also presented. 

ES.3 ADDITIONAL INFORMATION NEEDS AND UNCERTAINTIES 

Section 6.5 outlines investigation topics in need of additional data to clarify the nature 
and extent of contamination or the fate and transport of contaminants. Collection of this 
information will contribute to remedial action planning. 
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4. NATURE AND EXTENT OF CONTAMINATION 

4.1 WAG 1 RI ENVIRONMENTAL DATA 

4.1.1 Characterization Data Base 

The WAG 1 characterization data base consists of analytical laboratory results from 
environmental sampling. These data are provided in Appendixes A and B of this report. 

An analytical support level of III or higher was requested on all samples sent off site to 
the contracting laboratories. Most of the analytical data fell into the level IV category, but 
all radiological data were level V (special analytical services) as defined by the EPA data 
quality objective (DQO). More detail is provided in Appendix C. 

The three categories of analytical data collected are radiological, chemical, and 
geotechnical. Radiological data include gross alpha and gross beta activity, tritium, and 
specific radionuclide isotopic analyses. Chemical data consist of analytical results for TCL 
organic compounds and TAL inorganic analytes; selected samples were analyzed for RCRA 
Appendix IX analytes. Geotechnical data consist of particle size distribution, specific 
moisture content, Atterberg limits, and wet and dry density. 

Radiological data for liquid samples are reported in units of picocuries per liter (PCi/L); 
for solid samples, data are reported in units of picocuries per gram (pei/g). Both units are 
measurements of the amount of radioactive material present. Radioactivity is defined as the 
rate at which a radio nuclide decays (or disintegrates). One picocurie is generally equivalent 
to 2.22 disintegrations per minute (dpm). A direct equivalence between radioactivity and 
chemical concentration (i.e., the concentration of the radionuclide on a weight basis) can be 
calculated only on a radionuclide-specific basis. 

Radiological results are generally reported with an accompanying error factor that 
represents a statistical value equal to two standard deviations of the sample's activity. 
Absence of an error term means that the reported result is the minimum detectable activity 
(MDA) for that analyte in that sample. The actual activity is some value less than the MDA. 
The MDA is a function of the measurement instrument background and varies from sample 
to sample. The best estimate of the radioactivity in a sample is the reported value. The 
range of what that value may be, with 95 % confidence, can be estimated by adding the error 
factor to the reported value to obtain the upper limit and subtracting the error factor from the 
reported value to obtain the lower limit. For example, if the results are reported as 10±5 
pei/g, the best estimate for the value is 10 pCi/g, and the range of what that value may 
actually be, with 95 % confidence, is 5 to 15 pei/g. If the error factor is greater than the 
reported value, the activity of that radio nuclide is statistically indistinguishable from zero and 
the result is considered a nondetect. The actual result is used in reporting of radiological 
analyses at ORNL (i.e., if the sample activity is less than the background, a negative value 
is reported). This indicates that the sample in question may contain an amount of that 
radio nuclide which is indistinguishable from background concentrations. Rather than 
reporting a negative value, the subcontract laboratories reported an MDA, or the smallest 
amount of activity that could be determined above the background for the sample under 
study. 
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Chemical data for liquid samples (e.g., groundwater or surface water) are presented in ( 
units of micrograms of the analyte per liter of liquid (p,g/L). Chemical data for solid samples 
(e.g., soil or sediment) are presented in units of micrograms of the analyte per kilogram of 
solid (p,g/kg) on a dry weight basis. Both one p,g/L and one p,g/kg are approximately 
equivalent to one part per billion (Ppb) by weight. 

Frequently, a concentration of an organic constituent is reported as a "less than" «) 
value (e.g., < 5 p,g/L). This indicates that the constituent was not detected at or above its 
detection limit (in this case,S p,g/L). 

The analytical data presented herein have been qualified by the laboratory and by the 
project as part of the validation process. The qualifiers (flags) in the remaining chapters are 
the ones applied by the validators. An explanation of the flags is found in Appendix C, 
Table C4.1. 

4.1.2 Data Quality Assessment 

WAG 1 RI environmental data were assessed to determine their usefulness for describing 
the nature and extent of contamination and performing the preliminary risk assessment. Both 
chemical and radiological data were evaluated by assessing the following data quality 
indicators: precision, accuracy, representativeness, completeness, and comparability 
(PARCC) (EPA 1990a). Data generated by the ORNL RCRA Compliance Monitoring 
Program were evaluated only for comparability. Appendix C presents the detailed findings 
and conclusions of this data assessment. 

After the validation and PARCC review ofRI chemical and radiological data, limitations 
or uncertainties associated with the data were evaluated to determine whether deficiencies 
identified in the data would have the potential for either a negative or positive bias in the 
results. Deficiencies or uncertainties that could potentially affect the interpretation of 
environmental data for WAG 1 are identified below. 

Deficiencies or uncertainties in chemical data include: 

• Chemical analyses for liquid matrices that exceeded established holding time guidelines 
could lead to potential false negative detects. The potential for this negative bias has 
been reflected in the qualification of the data. This is discussed in more detail in Sect. 
CS.3.3, Appendix C. 

• Lead and copper were detected in numerous field blanks and equipment rinsate samples; 
detection of these compounds in deionized water suggests the potential for a positive bias 
in regular samples. A detailed listing of these samples and the affected regular samples 
is given in Table CS.3.2, Appendix C. 

• Spike recoveries for selenium and antimony in soil indicate a negative bias. Results for 
these analyses in soil matrices have been considered as biased low. This is discussed 
in more detail in Sect. CS.2.2, Appendix C. 

R:IWAOlSCSlFOUR 4-2 

( 



4-3 

• A reduced percentage of field blanks for surface water, soil, and sediment matrices 
introduces the potential for false positive chemical detects in associated regular samples 
collected for some sampling events. This is discussed in more detail in Sect. C5.3.2, 
Appendix C. 

• The results for groundwater samples analyzed by the total recoverable metals (TRM) 
method exhibited a poor correlation with respect to the filtered and unfiltered metal 
analyses performed on the same sample. Results of these analyses should be considered 
of limited use. This issue is discussed in more detail in Sect. C5.4.3, Appendix C. 

• Osmium was detected in numerous RI and reference soil and sediment samples. 
Attempts to confirm these results by resampling and subsequent reanalysis of the soils 
from these locations did not support the original analytical findings because no osmium 
was detected. Positive detects for osmium in soils and sediments should be viewed with 
caution. A discussion of this issue is presented in Sect. C5.4.3, Appendix C. 

Deficiencies or uncertainties in radiological data include: 

• A reduced percentage of field blanks for surface water, soil, and sediment matrices 
introduces the potential for false positive radiological detects in associated regular 
samples. This is discussed in more detail in Sect. C6.4.2, Appendix C. 

• Several soil samples have a potential bias for certain radionuclides due to rinsate 
contamination (see Sect. C6.4.2.4). Samples 1315, 1316, 1324, 1325, 1336, 1328, 
1334, and 1307 have the potential for a positive bias for strontium-90. Samples 1409, 
1452, 1456, 1471, and 1464 have a potential positive bias for bismuth-212. 

• Strontium-89 was reported to be present in two groundwater samples from the multiport 
well at CHOO8. The presence of strontium-89 in these samples is suspect and may be 
false positive detects. A detailed discussion of the uncertainties associated with the 
detection of strontium-89 in these samples is presented in Sect. C6.5.5. 

• Promethium-147 was detected in some soil and groundwater samples. Because the 
separation technique used by the laboratory may not remove interfering. beta-emitters 
(particularly yttrium-90, which is in eqUilibrium with strontium-90), thll values reported 
by the laboratory are suspect and are probably false positives. This Is discussed in detail 
in Sect. C6.5.5, Appendix C. 

• Strontium-90 was detected In an equipment rinsate associated with background sample 
0977 and surface water sample 1756. Results of these samples should be considered to 
be biased high. A detailed discussion of affected samples Is presented in Sect. C6.4.2.2, 
Appendix C. 

• Significant amounts of curium, a TRU, were detected in filtered and unfiltered reference 
groundwater samples collected from well 1250. The gross alpha determination did not 
substantiate the occurrence of alpha·emitting isotopes. These values are suspect and 
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should be considered of limited use. A discussion of gross measurements versus isotopic 
determination is in Sect. C6.6.1, Appendix C. 

In addition, the reference network may not fully characterize the natural variability of 
groundwater quality. As discussed in Sect. 4.2.8, additional sampling locations and 
additional samples from the existing network should be considered to support groundwater 
operable unit-specific assessments. 

Where appropriate, the effects of bias have been minimized by qualification of the data 
as estimated (J or UJ reviewer qualifier). When analysis problems were thought to have a 
Significant impact on the data, the affected data were rejected. 

Subsequent to validation, the total percentage of usable data was 97.5%, exceeding the 
DQO target outlined in Bechtel project procedures, which specify that valid analytical results 
will be obtained for 95 % of the data collected. 

4.2 REFERENCE SAMPLING 

4.2.1 Purpose 

Reference location samples were collected so that concentrations of chemical and 
radiological constituents detected in WAG 1 media (groundwater, surface water, soil, and 
sediment) could be compared with concentrations of the same constituents in media from 
locations believed to be unaffected by releases from WAG 1. All reference sampling 
locations are outside WAG 1. At the start of WAG 1 investigations, reference sample 
locations were considered equivalent to background sample locations on the assumption that 
both types of samples represent media uninfluenced by human activities and operations 
related to ORNL. The details of sample collection procedures and analyses are presented in 
Appendixes A and B. The following sections describe the approach of the reference 
sampling program and present analytical results. 

4.2.2 Approach 

In this study, the phrase "reference concentration" applies to the concentration of a 
chemical or radiological constituent detected in samples of groundwater, surface water, soil, 
or sediment from the ORR that have not been influenced by ORNL waste management 
practices or pilot plant and production activities. Various. constituents analyzed during the 
WAG 1 RI can occur from sources other than waste management practices-automobile 
exhaust, surface water runoff from asphalt, cigarette smoke, insect repellents, analytical 
equipment, atmospheric fallout, and natural sources such as anaerobic degradation and 
volatile metabolites. Naturally occurring minerals containing metallic and nonmetallic 
elements (some of which are naturally radioactive) found in soil and sediments may also be 
dissolved in groundwater and surface water. In most instances, reference concentration is 
synonymous with "background concentration" (the naturally occurring concentration of a 
constituent uninfluenced by human activities). Thus, reference concentration includes the 
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RCRA definition of "background" used in 40 CPR 264.97(a)(I) concerning media that have 
not been affected by leakage from a regulated unit. 

Reference sampling locations were chosen at hydrologically upgradient positions or in 
surface water drainage basins separate from WAG 1 and other known waste disposal sites. 
All reference sampling locations for WAG 1 are within Bethel Valley (Figs. 4.2.1 and 
4.2.2). Table 4.2.1 presents a listing of reference sampling locations for all media and 
indicates the type of analysis performed for each sample collected at these locations. 

Reference sample results were compared with environmental regulatory criteria [Le., 
Safe Drinking Water Act(SDWA) maximum contaminant levels (MCLs), proposed RCRA 
Subpart S action levels], EPA guidance for water quality issued under the Clean Water Act 
(CWA) , and concentrations reported for the ambient environment. The goal of this 
comparison was to identify reference sample results that may have been impacted by ORNL 
waste management activities or pilot plant operations. As discussed in Sect. 4.2.3, several 
locations were excluded based on this comparison. 

A listing of suggested relevant chemical-specific criteria and guidelines is presented in 
Table 4.2.2. The proposed RCRA action levels are derived from those given in Appendix A 
of proposed RCRA Subpart S (EPA 1990). [The assumptions, methodology, and health­
based criteria (e.g., slope factors, reference doses) used to derive the Appendix A values are 
given in Appendixes D, E, and F of proposed Subpart S.] These health-based criteria were 
compared with those published by ORNL, which contained updated toxicity data for various 
constituents (ORNL 1991). If the health-based criteria for an analyte differed, the RCRA 
action level was recalculated using the new toxicity criteria and the methodology from 
Appendixes D and E (BNI 1991). 

Reference values were also compared with various types of detection limits including 
sample quantitation limits (SQLs), method detection limits (MDLs) for chemicals, and the 
minimum detectable activity (MDA) for radionuclides. 

The SQL is generally the most useful description of the detection limit for chemical 
analysis. It reflects adjustments that might be made for analysis of individual samples such 
as dilution, percent moisture, or use of a smaller sample aliquot for analysis because of 
matrix effects or the high concentration of some analytes. For the same analyte, the SQL 
in one sample may be higher than, lower than, or equal to SQL values for other samples. 
Elevated SQLs for some analytes can occur when a sample is diluted to allow quantitation 
of an extremely high concentration of an analyte, which results in nondetect values being 
reported for other analytes that may have been present at low concentrations in the undiluted 
sample. The SQL is the detection limit used in reporting reference chemical results for soil, 
surface water, and sediment. 

MDL is the minimum concentration of an analyte that can be identified by using a 
specific method. MDL values are used for determining whether elevated SQLs exist. 

The MDA for radio nuclides is analogous to the SQL for chemicals. Elevated MDAs can 
exist in situations that are similar to those that cause elevated SQLs. The contract-required 
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MDAs are used to determine whether elevated MDAs exist; the contract-required MDAs are ( 
specified by the ORNL RIIFS contract with the analytical laboratory. 

4.2.3 Exclusion of Certain Locations 

The WAG 1 reference groundwater sampling program was initially designed to include 
ten locations. Review of analytical data from five of these locations identified possible 
unknown influences on groundwater from sources outside WAG 1, resulting in the 
subsequent exclusion of these locations from the reference data set. The suspect locations 
consist of wells 1196, 1197, 1198, and 1199, which are approximately 1 mile east of WAG 1 
on the eastern border of WAG 17, and well 1253 (soil boring 01.BV05), which is 
approximately 2.5 miles east of the WAG 1 boundary and south of Bethel Valley Road. Soil 
samples collected during installation of these wells were to be included in the data set 
defining reference soil conditions for Bethel Valley. Because groundwater at these locations 
is suspected to be contaminated, soil samples from these locations were not used to define 
reference conditions. 

Tritium is the contaminant in the wells east of WAG 17; concentrations detected in 
samples from these wells ranged from 2610 pCi/L (in well 1197) to 30,800 pCi/L (in well 
1198); this level is too high to attribute to contributions from atmospheric testing of nuclear 
weapons. The SDWA MCL for tritium is 20,000 pCi/L. Although the wells are 
topographically uphill from the WAG 17 complex, subsequent review indicated that the well 
screens may be completed in fractured bedrock along strike and potentially downgradient of 
WAG 17. Because the possibility of contamination from WAG 17 (which contains a tritium 
production facility in its eastern portion) could not be eliminated, these wells were deleted 
from the reference location data set although no documentation exists that identifies any 
releases from WAG 17. This provides for a conservative assessment of reference water 
quality used for comparison with WAG 1-related samples. 

In well 1253, gross alpha levels range from 49.2 to 172 Pci/L-conspicuously higher 
than those in other reference wells. Gross alpha activity can be attributed primarily to higher 
concentrations of the naturally occurring uranium and thorium series radionuclides. Curium-
242 and -243 were also detected in this well at 1.99 and 9.19 pCi/L, respectively, indicating 
the presence of man-made contaminants. Well 1253 is most likely completed in Unit E, or 
possibly in Unit D. Other reference wells located along bedrock strike from well 1253 in 
Units D and E do not exhibit the chemical characteristics of well 1253. Further investigation 
is needed to understand the presence of elevated gross alpha and curium in this well. This 
well will not be considered as part of the reference program for Bethel Valley, pending such 
an investigation. 

4.2.4 Reference Soil Sampling 

4.2.4.1 Reference soil sampling locations 

Eighteen reference soil samples (not including associated QC samples) were collected 
from 16 locations within Bethel Valley (Fig. 4.2.1). Eleven of these locations are north of 
the WAG 1 boundary; the others are to the east and west at varying distances from WAG 1. 
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All 16 soil sampling locations were drilled and sampled along the same geologic units that 
lie within WAG 1. The sampling locations are not only representative as reference locations 
for WAG 1 but also represent the Bethel Valley reference soil data. 

4.2.4.2 Reference soil analytical results 

A summary of analytical results for the reference soil sampling program and detailed 
analytical results are given in Appendix A. All of the chemical results for reference soil 
samples have been reviewer-validated using the procedures contained in (EPA 1988a) and 
(EPA 1988b). 

Volatile organic compounds. Ten VOCs were detected in reference soil samples: 
methylene chloride, acetone, methyl ethyl ketone (2-butanone), toluene, 
trichlorofluoromethane, chloroform, 2-hexanone, trichloroethene, 2-methyl-l-propanol 
(isobutanol), and methyl iodide. The first four compounds listed are common laboratory­
induced contaminants. The maximum detected concentration of these four compounds was 
260J /lg/kg (methyl ethyl ketone). The minimum RCRA action level concentration for any 
of the. common laboratory contaminants in soil is 90 mg/kg, which is more than two orders 
of magnitude above the highest concentration detected in reference samples for these 
compounds. Trichloroethene was detected in 2 of 22 samples at a level of 1J /lg/kg. Both 
methyl iodide and 2-methyl-l-propanol were detected in one sample each at 3J and 10J 
/lg/kg, respectively. Chloroform was detected four times at up to 9 /lg/kg; 2-hexanone was 
detected once at 2J /lg/kg. No RCRA Subpart S action levels were exceeded. 

BNAE compounds. Fifteen BNAEs were detected, ten of which are polyaromatic 
hydrocarbons (the heavier-molecular-weight components of oil and diesel fuel and 
components of incomplete combustion of gasoline and diesel fuel). The polyaromatic 
compounds detected included benzo(a)pyrene, benzo(g,h,i)perylene, benzo(k)f1uoranthene, 
benz(a)anthracene, benzo(b)f1uoranthene, chrysene, f1uoranthene, indeno(I,2,3-cd)pyrene, 
phenanthrene, and pyrene. The polyaromatic compounds were primarily detected at location 
1.5CBG4 (near Fifth Creek) and 01.FCBG2 (near First Creek background) (see Fig. 4.2.1). 
Sampling locations adjacent to 01.5CBG4 and Ol.FCBF2 had fewer polyaromatic 
compounds, which suggests localized introduction of these compounds and limited migration 
in the soil. All concentrations of detected poly aromatic compounds were less than the SQL 
and were, therefore, estimated values. The highest estimated concentration was 170J /lg/kg. 
No RCRA Subpart S action levels were exceeded. 

Two phthalate esters (diethyl phthalate and di-n-butyl phthalate) were detected. 
Concentrations were estimated values less than SQLs and did not exceed 150J /lg/kg. Each 
compound was detected once at two separate locations. RCRA Subpart S action limits were 
not exceeded. 

Benzoic acid, benzo(g,h,i)perylene, benzo(b)f1uoranthene, and n-nitrosodiphenylamine 
were also detected at estimated concentrations below the SQL. The highest estimated 
concentration was 170J /lg/kg. No RCRA Subpart S action levels were exceeded. 
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Metals. Metals occur naturally in soil and are an integral component of the minerals 
that comprise soil. Soil chemistry is indicative of both the parent material from which the 
soil was derived and the physical and chemical processes that formed it. 

Twenty-five metals were analyzed in reference soil samples. With few exceptions 
(mentioned below), metal concentration ranges were similar to those detected in soil from 
Melton Valley to the south (BNI 1991). No RCRA Subpart S action levels were exceeded. 

The more abundant metals detected Include aluminum, calcium, iron, magnesium, 
mangan~se, and potassium. Concentrations of calcium and magnesium in soil from Bethel 
Valley are considerably higher than detected in soil from neighboring Melton Valley. 
Petrologic differences in parent material contribute to the higher concentrations; Melton 
Valley soil is developed from shales, sandstones, siltstones, and some carbonates, whereas 
soils in Bethel Valley are developed predominantly from carbonates. Other metals were 
detected at somewhat higher concentrations compared with reference samples from Melton 
Valley. 

One occurrence of zinc from borehole 01.BV03 was, at 258,0001 p.g/kg, nearly 4.5 
times greater than the next highest detected concentration (57,800 p.g/kg). This value was 
estimated due to duplicate relative percent differences that were outside of control limits and 
to matrix interference in the analysis of the sample. This value is also considered an outlier 
because zinc concentrations in other samples from the same borehole were similar to those 
from other locations. The average zinc concentration among the remaining 2 samples from 
BV03 and 14 other reference samples was 37,400 p.g/kg. 

PCBs. There were no detectable concentrations of pesticides or PCBs in reference soil 
samples. 

Organophosphorous pesticides. There were no detectable concentrations of 
organophosphorus pesticides in reference soil samples. 

Herbicides. The herbicide 2,4,5-T was detected in sample BV03 at an estimated value 
of 22.71 p.g/kg. This herbicide was used extensively before 1985; its use has since been 
prohibited or severely restricted. Whether this particular herbicide has been used at ORNL 
is unknown. The concentration of 22.75 p.g/kg is below the RCRA action level in soil of 
800,000 p.g/kg, as shown in Table 4.2.2. 

Dioxins/furans. There were no detectable concentrations of dioxins or furans in 
reference soil samples. 

Radionuclides. Both naturally occurring and man-made radionuclides were detected in 
WAG 1 reference soil samples. In addition, measurements were made of gross alpha (an 
indication of the total concentration of alpha-emitting radionuclides) and gross beta (an 
indication of the total concentration of beta-emitting radionuclides) concentrations. Gross 
alpha concentrations ranged from 56±17 to 12±6 pCi/g and gross beta concentrations ranged 
from 34±7.1 pCi/g to undetectable levels not exceeding 6 pCi/g. These ranges are generally 
comparable to those observed in Melton Valley reference soil samples, although some 
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measurements of gross alpha in Bethel Valley reference soil were over two times those 
detected in Melton Valley reference samples. 

Radionuclides of the naturally occurring uranium and thorium series were detected in 
reference soil samples. The uranium decay series radionuclides detected include uranium-
23S, thorium-234, uranium-234, thorium-230, radium-226, and lead-214. Concentrations of 
uranium series radionuclides detected in soil from Melton Valley are similar to those detected 
in WAG 1 reference soil samples. The highest concentration of a uranium decay series 
radionuclide was 1.94±0.41 pCi/g for thorium-234. The thorium decay series radionuclides 
detected include thorium-232, radium-22S, actinium-22S, thorium-22S, radium-224, bismuth-
212, and thallium-20S. The highest concentration ofa thorium decay series radionuclide was 
19.9±2.7 pCi/g for thorium-22S, detected In a sample taken near Fifth Creek. Thorium-22S 
was detected at 11.4±1.5 pCi/g In a second sample near Fifth Creek; the next highest 
concentration detected was 1.S9±0.44 pCi/g. Carbon-14, which is a nonseries, naturally 
occurring radionuclide that has also been produced by the nuclear industry and through 
atmospheric testing of nuclear weapons, was not detected in excess of the MDA of 10 pCi/g. 
Potassium-40, also a naturally occurring radionuclide, was detected in concentrations ranging 
from 2.42 to 29.6 pCi/g. Potassium·40 is analyzed principally to determine whether gross 
beta concentrations are related to its presence or to some other beta-emitting radionuclide that 
warrants further analysis. 

Man-made radionuclides detected in WAG 1 reference soil samples include cesium-137, 
technetium-99, and tritium. These radionuclides have been released to the biosphere during 
atmospheric testing of nuclear weapons and are also products of nuclear reactor operations; 
the possibility of airborne transport and deposition cannot be ruled out. Cesium-137 was 
present at detectable levels in five samples; the highest detected concentration was 
0.21 ±0.05 pCi/g. Technetium-99 was detected above the MDA of 0.9 pCi/g in only one 
sample (5CBG, Fifth Creek background) at a concentration of 1.53 ±0.52 pCi/g. Tritium 
(which is also produced naturally at a very low rate) was, for the most part, not detected. 
In the three instances when it was detected, it did not exceed 0.22 pCi/g. Total radioactive 
strontium was detected in one regular sample at 0.29J ±0.26 pCi/g and in the duplicate 
sample at 0.43J ±0.25 pCi/g. Other man-made radionuclides analyzed for but undetected 
above the MDA in selected soil samples Include americium-241, curium-242, iron-55, 
iOdine-129, nickel-63, promethium-147, plutonium-23S, plutonium-239!240, and 
uranium-235/236. 

4.2.5 Reference Groundwater Sampling 

4.2.5.1 Sampling locations 

The reference groundwater monitoring network for WAG 1 presently consists of five 
monitoring wells in Bethel Valley (see Fig. 4.2.1). Wells BVOS and BV09 are north of 
WAG 1 and adjacent to First Creek and Fifth Creek, respectively, outside the WAG 1 
boundary. These two wells monitor groundwater in the unconsolidated zone. Well 1250 is 
approximately 1.5 miles southwest of the center of the WAG, well 1252 is approximately 2.5 
miles to the northeast, and well 1251 is located approximately 1.25 miles to the east. These 
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wells monitor groundwater either in bedrock or across the bedrock/unconsolidated zone ( 
interface. 

Wells BV08 (since renumbered as 4000) and BV09 (since renumbered as 4001) were 
installed on March 19, 1991. The 12oo-series wells were installed between November 7, 
1989, and May 8, 1990. Complete monitoring well construction details are provided in 
Appendix B. 

4.2.5.2 Analytical results 

A summary of analytical results for the reference groundwater sampling program and 
detailed analytical results are contained in Appendix B. The chemical results for reference 
groundwater samples have been reviewer-validated using the procedures contained in (EPA 
1988a) and (EPA 1988b). 

Volatile organic compounds. Carbon disulfide was detected at an estimated 21 p,g/L 
in one sample from location BV08. The RCRA Subpart S action level for carbon disulfide 
is 4000 p,g/L. Carbon disulfide can result naturally from anaerobic biodegradation and is 
released to the atmosphere from oceans and land masses (Howard 1990). 

BNAE compounds. Two BNAEs were detected: bis(2-ethylhexyl)phthalate at 10 p,g/L 
in well 1251, and di-n-butyl phthalate in one sample at an estimated concentration of21 p,g/L 
at location BV09. No other BNAEs were detected greater than the respective SQL. Bis(2-
ethylhexyl)phthalate is a common plasticizer for PVC and other polymeric materials. Bis(2-
ethylhexyl)phthalate is known to be a common laboratory artifact and therefore may not 
represent actual site contamination. Di-n-butyl phthalate is a ubiquitous compound because 
of its widespread use, primarily as a plasticizer; it has also been used as an insect repellant 
and as a solvent in perfumes and inks (Howard 1990). Both of these compounds have been 
detected in other media from WAG 1 and WAG 6 (ORNL 1991) and in treated and untreated 
water supplies worldwide (Howard 1990). 

Metals. Metals are a natural component of groundwater, and the types and 
concentrations present are dependent on site-specific geological and geochemical conditions. 
Unfiltered and filtered groundwater samples were analyzed for 25 different metals. 

Not all metals analyzed were detected above the SQL. Metals not detected above SQLs 
in either filtered or unfiltered samples include antimony, beryllium, cobalt, mercury, 
osmium, selenium, silver, thallium, and tin. Metals detected in unfiltered groundwater but 
not in filtered groundwater include arsenic, copper, and vanadium. 

Metals detected at the highest concentrations in unfiltered samples (detected at least once 
at the mg/L level) include calcium, magnesium, sodium, potassium, aluminum, and iron. 
None of the concentrations are believed to represent unnatural conditions. A summary of 
the minimum and maximum concentrations along with a complete data listing for each sample 
are found in the attachments to Appendix B. 
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Concentrations of metals detected in WAG 1 groundwater reference samples do not 
differ appreciably from those in samples from locations in Melton Valley. As compared with 
Melton Valley samples, somewhat higher concentrations (but less than an order of magnitude) 
of aluminum, chromium, manganese, nickel, potassium, and sodium have been detected in 
unfiltered groundwater samples from Bethel Valley reference locations. These differences 
could be attributable to contrasting lithologies in the Valleys. 

PesticidesIPCBs, herbicides, dioxins/furans, and organophosphorous pesticides. 
There were no detectable concentrations of PCBs, herbicides, dioxins/furans, or 
organophosphorous pesticides in reference groundwater samples. The pesticide DDD was 
detected in one sample at 1.2 pg/L. 

Radionuclides. Analytical results for radiological analyses indicate that few 
radionuclides were present and concentration ranges were low. Unfiltered and filtered 
samples were analyzed. Gross alpha and gross beta results were suggestive of samples that 
have not been influenced by waste management activities; supplemental isotopic analyses of 
the samples confirmed this. 

The maximum unfiltered gross alpha activity was 3.8 pCi/L, and the maximum 
unfiltered gross beta activity was 4.88 pCi/L. Of the uranium decay series radionuclides 
analyzed for in both filtered and unfiltered samples, none exceeded the MDA. Of the 
thorium decay series radionuclides analyzed for in both filtered and unfiltered samples, only 
thorium-228 exceeded the MDA. Tests for thorium-224 (uranium series) and radium-224 
(thorium series) were not run. 

Transuranic radionuclides were analyzed for in selected samples but were not detected 
at concentrations above the MDA. Other radionuclides analyzed for include nonseries 
radionuclides that are both naturally occurring and man-made. No specific radionuclide of 
this group was detected above the MDA except total radioactive strontium, which was present 
in two samples, at 0.99 pCi/L and 1.63 pCilL. 

Tritium was found in most samples; the highest concentration detected was 1940±270 
pCi/L from well 1250. This concentration was higher than might be expected from tritium 
introduced to the hydrologic cycle through nuclear weapons testing during the 196Os. At the 
end of large-scale atmospheric testing of nuclear weapons in 1963, the mean concentrations 
of tritium in surface streams in the United States were approximately 4000 pCi/L, about 400 
times the concentration of naturally occurring tritium (Kathem 1984). Decay of this mean 
concentration of tritium over the years 1963 to 1992 would produce a concentration of 
approximately 715 pCi/L. 

Curium was detected in samples from wells 1250 and 1252 at concentrations greater than 
would be predicted by the gross alpha activities in the samples. Thus, the presence of 
curium in the samples is considered suspect, and the curium values were not used to define 
background values for curium in WAG 1. Further support for the suggestion that curium 
is absent from reference wells is that curium-244 was detected in only four WAG 1 
nonreference piezometers (598, 608, 590, and 593) near the isotope area and CH008. The 
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relatively few locations suggest that curium-244 is not widespread but related to specific areas ( 
within WAG 1. 

4.2.6 Reference Sediment Sampling 

4.2.6.1 Sampling locations 

Four reference sediment samples (two regular and two duplicate) were collected from 
two locations during nonstorm, low base flow conditions on October 17 and 18, 1990. The 
sediments were collected from First Creek (location 01.CSOO9) and Fifth Creek (location 
01.CSOO6) north of Bethel Valley Road, where surface water samples were also collected 
(see Fig. 4.2.2). 

4.2.6.2 Analytical results 

A summary of analytical results for the reference sediment sampling program and 
detailed analytical results are contained in Appendix B. All of the chemical results for 
reference sediment samples have been reviewer-validated using the procedures contained in. 
(EPA 1988a) and (EPA 1988b). 

Volatile organic compounds. Chloromethane, acetone, trichloroethene, and toluene 
were detected; the highest concentration was 761 JIg/kg acetone. Concentrations of the other 
VOCs did not exceed 3J JIg/kg. 

Acetone and toluene are common laboratory-induced contaminants. The one occurrence 
of trichloroethene (estimated at 3J JIg/kg) is not considered significant. Chloromethane has 
many different sources, both natural (combustion product of forest and brush fires, seawater, 
cedar and cypress trees) and man-made (cigarette smoke, manufacture of silicones, turbine 
exhaust, and propellants) (Howard 1990). In general, VOCs are considered absent from 
reference sediment samples. 

BNAE compounds. Two BNAEs [4-methyl phenol and bis(2-ethylliexyl)phthalatel were 
detected in reference sediment samples. One sample showed 4-methyl phenol at an estimated 
concentration of 521 JIg/kg; bis(2-ethylliexyl)phthalate was detected in all four samples at 
estimated concentrations of 67J to 93J Jlglkg. Bis(2-ethylliexyl)phthalate, a common 
plasticizer and laboratory artifact, has been detected in various other media both at WAG 1 
and WAG 6 (ORNL 1991). The compound 4-methyl phenol (4-cresol) has been detected in 
exhaust from gasoline and diesel engines, is a plant volatile, and has been detected in 
cigarette smoke (Howard 1990). Reference sediment samples were taken at locations that 
were not immune to the influences of automobile exhaust, which may be a source of the low 
concentration of 4-methyl phenol. 

Metals. Metals occur naturally in the environment and are an important component of 
creek sediments. Of the 23 metals analyzed, 18 were present at detectable levels in reference 
sediment samples. Metals that were analyzed for but not detected in excess of the SQL 
include antimony, mercury, selenium, silver. and thallium. With the exception of calcium, 
concentrations detected in First Creek and Fifth Creek sediments are within the ranges 
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detected in stream sediments collected from Melton Valley that established reference 
concentrations for WAG 6 (ORNL 1991). The increase in range for calcium can be 
attributed to a greater abundance of limestone in Bethel Valley than in Melton Valley. 
Comparison of the detected concentration ranges with other published data indicates that the 
results are within or below these values. 

PesticideslPCBs. There were no detectable concentrations of pesticides or PCBs in 
WAG 1 reference sediment samples. 

Herbicides and dioxins/furans. Reference sediment samples were not analyzed for 
herbicide's, primarily because these constituents were absent from the reference soil samples, 
most of which were collected in the floodplain of the creeks. 

Organophosphorous pesticides. Reference sediment samples were not analyzed for 
organophosphorous pesticides. 

Radionuclides. Both man-made and naturally occurring radionuclides were detected in 
reference sediment samples. Gross alpha concentrations ranged from 6.99 to 12.9 pCi/g, and 
gross beta concentrations ranged from 5.75 to 15.5 pCi/g. 

In analyses for the thorium decay series radionuclides, radium-228 (0.53 pCi/g) and 
thorium-228 (0.75 to 0.8 pCi/g) were detected. The uranium series radionuclides thorium-
230 and radium-226 were detected at concentrations ranging from 0.604 to 1.2 pCi/g and 
0.389 to 0.712 pCi/g, respectively. 

Man-made radionuclides (fission products) detected include cesium-137 and 
strontium-90; both have been used extensively at ORNL and have also been released to the 
environment through atmospheric testing of nuclear weapons. Cesium-137 was detected in 
two of four samples in concentrations ranging from 0.237 to 1.13 pCi/g; the other two 
samples did not contain levels detectable above 0.2 pCi/g. Strontium-90 was detected in all 
four samples at concentrations ranging from 0.733 to 2.81 pCi/g. The concentration ranges 
of these radionuclides are slightly higher than detected in WAG 6 reference sediments (0.04 
to 0.2U pCi/g of cesium-137, 0.52U to 0.92 pCi/g of strontium-90). Historic emissions 
from nearby stacks may influence concentrations detected in the WAG 1 samples. 

4.2.7 Reference Surface Water Sampling 

4.2.7.1 Sampling locations 

Eleven reference surface water samples (eight regular and three duplicate) were collected 
from three locations near WAG 1 (see Fig. 4.2.2). Samples were collected on three separate 
occasions from First Creek and Fifth Creek at locations north of Bethel Valley Road. WOC 
was sampled twice, also at locations north of Bethel Valley Road. All three creeks were 
sampled under high base flow conditions and during a transitional period from high to low. 
First Creek and Fifth Creek were sampled during low base flow conditions. Low base flow 
samples were collected on October 17 and 18, 1990. One set of high base flow samples was 
collected on April 22, 1990; a second set was collected on March 12, 1991. 
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4.2.7.2 Analytical results 

A summary of analytical results for the reference surface water sampling program and 
detailed analytical results are contained in Appendix B. All of the chemical results for 
reference surface samples have been reviewer-validated using the procedures contained in 
(EPA 1988a) and (EPA 1988b). The radiological data have been validated in accordance 
with appropriate project procedures. 

Volatile organic compounds. Chloroform and toluene were detected in reference 
surface water samples: chloroform in 2 samples up to an estimated 4J p.g/L, and toluene in 
1 sample of 11 at an estimated value of 11 p.g/L. Toluene and chloroform are found in the 
environment as a result of releases from various sources (e.g., automobile exhaust), and 
toluene is a common laboratory-induced contaminant. RCRA Subpart S action levels were 
not exceeded. 

BNAE compounds. Three BNAE compounds [(n-nitrosodiphenylamine, bis(2-
ethylhexyl)phthalate, and f1uoranthenej were detected in reference surface water samples. 
Each compound, detected only once, was at an estimated concentration not exceeding 
3J p.g/L. RCRA Subpart S action levels and MCLs were not exceeded. 

Metals. Metals occur naturally in unfiltered and filtered surface water; the types and 
concentrations of metals present are dependent on the geology of the watershed and the 
groundwater chemistry. Of the trace metals analyzed for, aluminum, barium, calcium, iron, ( 
magnesium, manganese, potassium, and sodium were detected most frequently. Calcium and 
magnesium, which are common metals present in carbonate rocks typical of Bethel Valley 
strata, were detected at higher concentrations than the other metals. Metals not detected 
above their respective SQLs include antimony, arsenic, beryllium, cadmium, chromium, 
cobalt, mercury, nickel, selenium, silver, thallium, tin, vanadium, and zinc. Copper was 
detected at location 01.FCBG at 12 p.g/L. Lead was detected at locations Ol.SWl and 
01.SW3 at 3.8 and 3.2 p.g/L, respectively. These concentrations do not exceed the RCRA 
Subpart S action limits or MCLs. 

Results for filtered samples, analyzed from location 01.CSOO6 (mercury only) and from 
a duplicate sample from location 01.CSOO9, indicated the presence of barium, cadmium, 
iron, magnesium, manganese, potassium, and sodium. Other metals were not detected above 
the SQL. 

Pesticides/PCBs, organophosphorous pesticides, dioxins/rurans, herbicides. There 
were no detectable concentrations of pesticides or PCBs, organophosphorous pesticides, 
dioxins/furans, or herbicides in reference surface water samples. 

Radionuclides. Comparatively low levels of radioactivity were detected in reference 
surface water samples: the maximum detected gross alpha activity was 3.2 pCi/L, and the 
maximum detected gross beta activity was 5.4 pCi/L. The radionuclides detected and their 
concentrations do not suggest any external influences. The sample size is relatively small, 
however, and any statistical comparisons should be made with caution. Analyses were 
conducted for both man-made and naturally occurring radionuclides. 
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Radionuclides of the naturally occurring uranium and thorium decay series are not 
prevalent in reference surface water samples; however, this may be because of the small 
sample size. Of the uranium series, uranium-238 and uranium-234 were not detected above 
the MDA of 1 pCi/L. Thorium-234 results were rejected for QC reasons. Thorium-230 was 
detected in one sample below the MDA of 1 pC ilL at an estimated concentration of 
0.25 ±0.23 pCi/L. Radium-226 was detected at one location above the MDA of 1 pCilL. 
The highest concentration of radium-226 was 4.57 to. 7 pCi/L, which approaches the 5 pCi/L 
MCL for drinking water. 

In analyses for the thorium decay series radionuclides, thorium-232 and radium-228 were 
not detected above the MDAs of 1 pCi/L and 3 pCi/L, respectively. Thorium-228 was 
detected in one sample slightly above the MDA at 1.211 ±0.53 pC ilL. Radium-224 
concentrations are questionable because of higher concentrations of the radionuclide than 
suggested by the gross alpha concentrations and one rejected sample result. The detection 
levels for radium-224 were 16.7±8.8 and 19.5±8 pCi/L. 

Potassium was detected at 110±78 and 156±91 pCi/L. A third result did not exceed 
the MDA of 11 pCilL. 

Man-made radionuclides analyzed for include cesium-137 and tritium. Cesium-137 was 
not detected above the MDA of 22.9 pCi/L. Tritium was detected in seven of the eight 
samples; the highest concentration was 1120 pCi/L, and the average was 840 pCi/L. This 
average level is close to the concentration that could be attributed to the introduction of 
tritium via nuclear weapons testing into the hydrologic cycle. 

4.2.8 Conclusions 

Various constituents have been detected in WAG 1 reference media from Bethel Valley. 
It is important to realize that many of the constituents detected occur naturally in the 
environment (especially metals and radionuclides). Others (such as VOCs and BNAEs), 
while usually not naturally occurring, may have been introduced to the various media by 
means other than waste management practices at ORNL. This may be particularly true of 
polyaromatic hydrocarbons detected in soil samples that may have been introduced from 
automobile emissions. Generally, the constituents of nonnatural origin were detected at low 
concentrations that are well below various regulatory action limits. 

The reference network for WAG 1 may not be adequate to fully characterize the 
variability in groundwater quality identified during Phase I sampling and analysis. For 
example, concentrations of certain naturally occurring metals (e.g., aluminum, iron, 
potassium) vary significantly in samples from within WAG 1 but only within a very narrow 
range in the reference samples. This discrepancy may be due to contrasts in the 
geochemistry of the stratigraphic units between the reference well and WAG 1 well locations. 
Similarly, concentrations of naturally occurring radionuclides vary significantly, making it 
difficult to recognize with certainty where naturally occurring isotopes are present as 
contaminants (due to their concentration or enrichment through various plant operations). 
Presently, the reference groundwater network for WAG 1 consists of two locations at which 
two rounds of sampling have been conducted and three locations at which one round has been 
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completed. An expanded reference well network would be needed to support a more ( 
definitive interpretation of contamination in WAG 1 groundwater for an OU-specific analysis. 

Generally, comparisons of constituent concentrations detected in Bethel Valley reference 
samples with background or reference concentrations of samples collected outside Bethel 
Valley indicate similarity in range. Some differences do exist between Bethel Valley and 
Melton Valley samples; however, these differences could be attributable to contrasting 
geologic conditions. 

Statistics computed on reference sampling results should be interpreted with caution, 
especially in the case of reference sediments, surface water, and groundwater. Depending 
on the type of statistical analysis desired, the sample size may be insufficient for developing 
the appropriate degree of confidence for on-WAG versus off-WAG comparisons. 

4.3 GROUNDWATER 

Interpretations regarding the nature and extent of groundwater contamination at WAG 1 
are based on samples collected from 109 wells and piezometers during the Phase I 
investigations (see Table 2.9.1). Four separate sampling events were conducted, though not 
all wells and piezometers were sampled during each event. 

The first event involved sampling of 77 wells and piezometers during low base 
groundwater flow conditions (September and October 1990); the second included 18 wells 
and piezometers sampled during a prolonged storm and high base groundwater flow 
conditions (February 21-23, 1991); the third event involved 82 wells and piezometers 
sampled during normal (Le., nonstorm) high base groundwater flow conditions (March and 
Apri11991). Section 3.3 describes the site hydrogeology and the relationship among low, 
high, and storm events on groundwater levels and flow directions. See Figs. 3.3.2 and 3.3.3 
for groundwater table maps for high and low base conditions, respectively. Figure 3.3.12 
illustrates the maximum groundwater fluctuations observed during Phase I investigations. 

The fourth groundwater sampling event was in response to the addition in 1991 of 33 
SWMUs to the scope of the Phase I investigation and the discovery of radioactive 
contaminants in corehole CHOO8. This fmal event entailed sampling of 14 piezometers in 
the vicinity of the newly added SWMUs and CHOO8 during the period July through October 
1991. In the same period, groundwater samples were also collected from discrete interVals 
in eight of the bedrock coreholes. 

Groundwater sampling typically involved collection of both unfiltered and filtered 
samples for radiological and chemical analyses, as outlined' in Sect. 2. Specific analytes 
varied, but the mlliority of the groundwater samples were analyzed for TCL organics, TAL 
metals, and radionuclides. Selected samples were also analyzed for Appendix IX 
constituents, general water quality constituents, and major ions. Detailed information related 
to the collection and analysis of the groundwater samples, including the complete results of 
all chemical and radiological analyses, is presented in Appendix B. 
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Samples were also collected from 25 monitoring wells installed by ORNL along the 
WAG 1 perimeter under the RCRA groundwater monitoring program. These wells were 
sampled during both low base and high base (nonstorm) groundwater flow conditions. The 
perimeter well samples were transferred to the ORNL Environmental Coinpliance Program 
for analysis at the ORNL analytical laboratory; results of these analyses were not available 
at the time this report was prepared. 

Data from earlier RCRA perimeter well sampling events conducted by ORNL were 
evaluated. These data are based on sampling of 24 wells (806 through 829) between 
December 1988 and September 1990. The perimeter well sample analyses included volatiles, 
semivolatiles, anions, unfiltered and filtered metals, and unfiltered and filtered radionuclides. 
Interpretations regarding potential contamination detected in the perimeter wells are included 
with descriptions of the nature and extent of contamination identified through the Phase I 
sampling program. 

This section is organized into four subsections: Sect. 4.3.1 summarizes previous studies; 
Sect. 4.3.2 describes the nature and extent of radiological contamination; Sect. 4.3.3 
describes the nature and extent of chemical contamination; and Sect. 4.3.4 presents a 
summary of overall contaminant trends in groundwater. 

4.3.1 Previous Studies 

Previous studies conducted to assess the nature and extent of groundwater contamination 
in the WAG 1 area have been limited in terms of both the number of studies and the scope 
of any individual study. One of the earliest studies that focused on groundwater 
contamination was conducted in 1973 using wells in the vicinity of SWSA 1 (Duguid et a!. 
1975); no additional investigations were conducted at WAG 1 until RCRA monitoring wells 
were installed around the 3500 series impoundments in 1985. These wells were sampled 
regularly beginning in 1986, and the resulting data were incorporated into several 
groundwater contamination studies [e.g., Stansfield and Francis (1986), Montford, Daniels, 
and Kitchings (1986), Solomon et aI. (1989)]. 

Data from the vicinity of the impoundments and other areas in WAG 1 have also been 
generated through the annual sampling and analysis activities conducted in conjunction with 
the ORR environmental surveillance program, begun in 1985. Results from these earlier 
studies are discussed below and summarized in Table 4.3.1; no attempt has been made to 
reconcile the units reported In these earlier studies with those used in this report. The studies 
identified in Table 4.3.1 include a map reference number that can be correlated to Fig. 4.5.1. 

Two wells and one seep near SWSA 1 were sampled for strontium-90 and cesium-137 
in November 1973. No results exceeded the detection limits except for well 1-2, which 
contained 0.4 dpm/mL of strontium-90 (Duguid et aI. 1975). 

Sampling was conducted by Stansfield and Francis (1986) to investigate potential 
groundwater contamination associated with impoundment 3513. Groundwater collected from 
downgradient wells during the study was analyzed for EPA interim primary drinking water 
standards (40 CPR 265.92) as well as selected radionuclides. With the exception of the 
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radionuclides, most of the constituents were at or below detection limits. Maximum results 
for cesium-137, lead-214, radium-226, strontium-90, gross alpha, and gross beta were 1.04, 
10.6, 0.14, 26, 3.9, and 54 Bq/L, respectively. Samples from other media were also 
obtained at that time. 

Montford, Daniels, and Kitchings investigated groundwater in the vicinity of the 
impoundments in 1985 and summarized data collected quarterly during the first year of 
monitoring. Samples taken from wells around the 3524 and 3539/3540 impoundments were 
analyzed for 23 RCRA parameters. Quarterly values as well as annual average 
concentrations for several of the upgradient and downgradient welIs exceeded EPA interim 
primary drinking water standards for gross alpha, radium, chromium, lead; and a few other 
constituents. Gross beta also exceeded the standards in most cases. No pesticides or PCBs 
were detected. 

Solomon et al. (1989) also studied groundwater at the 3513 impoundment, with primary 
focus on a limited set of volatile and semivolatile organic compounds. The maximum 
detected concentrations for the VOCs under investigation were toluene, 8 mg/L; 
trichloroethene, 30 mg/L; vinyl chloride, 35 mg/L; and 1,2-dichloroethane, 472 mg/L. 

A review of sampling results for the ORR environmental monitoring program from 1985 
to 1988 indicates that although selected constituents were detected in many samples, most of 
these were indicator (water quality) parameters (e.g., TOX and TOe). Data for specific 
chemical contaminants were below detection limits. 

4.3.2 Nature and Extent of Radiological Contamination 

Radiological contamination in groundwater was measured through analyses for gross 
alpha and gross beta content as well as a variety of alpha- and beta-emitting radionuclides. 
Both man-made and naturally occurring radionuclides were detected in the Phase I 
groundwater samples collected from WAG 1 wells and coreholes (Table 4.3.2). 

The most frequently detected man-made radio nuclides include tritium and strontium-90. 
Other man-made radionuclides (less frequently detected) include technetium-99, cesium-137, 
promethium-147, cobalt-60, nickel-63, and iron-55, and the transuranics americium-241, 
plutonium-2381239/240, and curium-244. NaturalIy occurring radionuclides detected include 
potassium-40 and radionuclides belonging to the uranium decay series (uranium-238, 
thorium-234, uranium-234, thorium-230, radium-226) and the thorium decay series (thorium-
232, radium-228, thorium-228, radium-224). The most frequently detected naturally 
occurring radionuclides were radium-226, radium-228, thorium-228, thorium-232, and 
uranium-234. 

The evaluation of radiological contamination in this report serves primarily to provide 
an initial focus for data discussion; it is not intended to represent final interpretations 
regarding the nature and extent of groundwater contamination in WAG 1. The evaluation 
is based on a comparison with WAG I-specific reference levels (discussed in Sect. 4.1) and 
established regulatory criteria for drinking water supplies (MCLs promulgated under the 
SDWA, including April 15, 1991, revisions). Although groundwater at WAG 1 is not a 
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current source of drinking water at ORNL, a comparison with the MCL criteria was 
conducted to identify the occurrence of site-related groundwater contamination that may be 
a source of potential concern for potential future users. 

SOW A MCLs have been established for the following radiological constituents: tritium 
(20,000 pCi/L), strontium-90 (8 pCi/L), radium (5 pCi/L, taken as the sum of radium-226 
and radium-228), gross alpha (15 pCilL), gross beta (4 mrem/year), and all other man-made 
radionuclides (4 mrem/year). The MCLs focus on man-made constituents (e.g., tritium and 
strontium-90) but include gross alpha and radium, both of which may be present as naturally 
occurring constituents. Conversion of dosage factors (mrem/year) to activities (PCi/L) , 
necessary to permit comparison of activity-based WAG 1 sampling results with the dosage­
based MCLs, was accomplished using assumptions and methodology presented in the PRAR. 

Comparison with MCLs does not imply that results exceeding MCLs necessarily pose 
a threat to human health or the environment under existing or future exposure scenarios. Nor 
should it be inferred that results below MCLs indicate the complete absence of any risk. A 
preliminary assessment of the risk associated with contaminant releases from WAG 1 to 
potential human and environmental receptors is presented in the WAG 1 PRAR. 

The discussion of radiological contamination in groundwater is further subdivided by 
individual radionuclides or groups of related radionuclides (e.g., uranium series) as well as 
gross alpha and gross beta. Three figures are preseilted for each radiological parameter. 
One figure displays the maximum activities found at each well for all sampling events, 
regardless of whether the sample was filtered or unfiltered and regardless of sampling event. 
The second and third figures display individual radiological parameter results from unfiltered 
samples during the low and high base conditions, respectively. Comparisons of filtered and 
unfiltered sample results are discussed in the text for each parameter, as are results from the 
high base storm sampling event. 

Information from the WAG 1 perimeter wells (Table 4.3.3) is not incorporated into 
figures depicting maximum detected activities for selected parameters or the high and low 
base figures because of uncertainty regarding groundwater flow conditions during these 
earlier sampling events. 

In the following discussion, all references to frequency of detection, contaminant 
activities or ranges of activities, number of wells and piezometers, and other details about 
nature and extent are in reference to groundwater samples collected as part of the Phase I 
activities. References to or interpretations based on data from the WAG 1 perimeter 
monitoring wells (generated through ORNL's RCRA groundwater monitoring program) are 
specifically identified. 

4.3.2.1 Nature and extent of individual radiological parameters 

Strontium. Analysis for strontium-90 was performed <;>n samples collected as part of 
the low base groundwater sampling event; samples collected for high base and storm event 
sampling were analyzed for total radioactive strontium (the sum of strontium-89 and 
strontium-90). Strontium was detected in samples from 72 wells, piezometers, and 
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coreholes; concentrations in 34 of these locations exceeded the SDWA MCL of 8 pCi/L. ( 
Table 4.3.4 presents the strontium-90 or total radioactive strontium detected at each location 
sampled. CH008 contained the highest activities of strontium detected in WAG 1 
groundwater; the maximum activity of total strontium in CH008, 312,050 pCi/L, was 
measured in a sample collected from a depth of 40.9 to 42.9 ft BGS. Approximately 96% 
of the total strontium in this sample was strontium-90 (Le., 298,780 pCi/L) and 2 % 
strontium-89 (6690 pCi/L). The presence of strontium-89 (detected twice) in samples from 
CH008 is suspect and the detects may be false positive. A detailed discussion of this issue 
is presented in Sect. C6.5.4, Appendix C. Five additional samples from separate intervals 
in CH008 also contained elevated levels of strontium, ranging from 17,405 to 245,574 
pCi/L. Radioactive strontium was detected in reference groundwater samples at a maximum 
concentration of 1.63 ± 1.29 pC ilL (total radioactive strontium). 

Figure 4.3.1 presents the maximum detected activity of strontium, whether total radioactive 
strontium or strontium-90, at each well or piewmeter sampled for the Phase I investigation. 
The majority of the locations where strontium exceeded the SDWA MCL of 8 pCi/L on at 

least one occasion were in the vicinity of the 3500 impoundments. Piezometers 539, 564, 
589, 598, and 601 each had one or more occurrences of strontium in excess of 100 pCi/L. 

During low base conditions, strontium-90 was not detected in unfiltered groundwater 
from 25 of 45 wells and piewmeters sampled (Fig. 4.3.2 and Table 4:3.4); the remaining 
20 contained strontium-90 in excess of the SDWA MCL of 8 pCi/L. 

Figure 4.3.3 presents results for total strontium in unfiltered groundwater samples 
collected during the high base flow sampling event (more wells were sampled during high 
base than during low base). Nineteen wells and piezometers sampled during low base events 
contained strontium-90 greater than 8 pCi/L; unfiltered samples from 17 of these also 
exceeded 8 pCilL when resampled at high base conditions. Nine of these wells and 
piezometers (539, 874, 564, 1100, 1102, 1104, 597, 882, and 875) exhibited higher 
strontium activities during low base conditions than during high base sampling. Wells 874 
and 875 showed the most pronounced differences. Piezometer 601 showed a substantially 
higher activity of strontium during high base, and 1103, 885, 873, 566, 571, 589, and 877 
showed marginally higher strontium levels during high base. 

Activities of strontium were similar in 11 of 12 wells and piewmeters sampled during 
both the high base and high base storm sampling events (see Table 4.3.4). Piezometer 598, 
however, had a total strontium activity of 1.49 pCi/L during the high base sampling and 
108.24 pC ilL during the high base storm sampling. 

The wells and piewmeters sampled during the latter half of 1991 as part of the 
investigation of additional SWMUs revealed other locations with elevated strontium activity; 
those having total strontium above 8 pCi/L included 588, 593, 590, 596, 603, 608, and 613. 

Groundwater samples from coreholes were analyzed for strontium; only CHllA and 
CH008 contained strontium above the SDWA MCL of 8 pCilL. All groundwater samples 
from CH008 had very high concentrations. 
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Strontium in RCRA perimeter wells. ORNL sampling of the RCRA perimeter wells 
revealed total strontium activities above 8 pCi/L in wells 812, 825, 806, and 829; 
concentrations ranged from 13.5 to 7560 pC ilL. Wells 806 and 829 remained above 8 pCi/L 
for the 3-year duration (four samples). Four samples from well 812 contained total strontium 
greater than or equal to 3240 pCi/L, while one sample contained less than 8 pCi/L (October 
1989). 

Well 806 lies in the WOC floodplain in the water gap in Haw Ridge. Well 829 lies 
adjacent to and downgradient of SWSA 1. Piezometer 571 and well 946, also near SWSA 1, 
were sampled as part of Phase I. These locations exhibited strontium activities similar to that 
reported for well 829. 

Tritium. Tritium was detected in nearly all of the samples analyzed; concentrations 
ranged from 290 to 912,000 pCi/L. The MCL for tritium, 20,000 pCi/L, was exceeded in 
samples from 14 wells and coreholes (Table 4.3.5). The maximum tritium concentration 
found in the reference wells was 1940 pCi/L. 

Activities oftritium greater than 100,000 pCi/L were found in five wells (874, 875, 885, 
876, and 1100) located between impoundments 3524 and 3513; two piezometers (564 and 
566) near Building 2531; and one piezometer (608) in the isotope area south of Building 
3033. Other locations with tritium in excess of 20,000 pC ilL include piezometers 603, 589, 
and 613 in the general vicinity of the isotope area; wells 1102 and 1104 on the southern and 
western perimeter of impoundment 3513; and well 590 east of NTF. Maximum tritium 
activities are plotted on Fig. 4.3.4. 

Tritium was found in many of the locations where elevated strontium was detected. 
Strontium (i.e., strontium-90 or total radioactive strontium) exceeding 8 pCl/L was found in 
13 of the 14 wells, piezometers, and coreholes that contained tritium above the MCL (i.e., 
874, 608, 1104, 603, 589, 566, 875, 564, 1100, 1102, 885, 613, and 590). Well 876, 
which had tritium above 20,000 pCI/L, had detectable strontium below 8 pCi/L. 

The distribution of maximum tritium activities detected during the low base and high 
base sampling events is presented in Figs. 4.3.5 and 4.3.6, respectively. Of the eight wells 
and piezometers sampled during both low and high base that contained tritium in excess of 
20,000 pCi/L, well 874 and piezometers 566, 589, 1104, and 564 had low base activities 
nearly double the high base activities, while nearby wells 875, 1100, and 1102 had higher 
activities of tritium in high base samples than low base samples. 

Tritium activities in 10 of the 12 wells and piezometers sampled during both the high 
base and high base storm events did not vary more than 10% (e.g., piezometer 566 had 
133,000 pCi/L high base and 145,870 pCi/L high base storm activities). Piezometers 597 
and 554 were the exception; they had levels of 510 and 2410 pCi/L, respectively, during 
high base conditions but were at 4980 and 1660 pCi/L, respectively, one month earlier 
during the high base storm sampling. 

Tritium In RCRA perimeter wells. Tritium was not detected above 20,000 pCi/L in the 
perimeter wells sampled by ORNL. The maximum activity was 12,420 pCi/L in well 825, 
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located east of the 3500 series impoundments. An activity of 10,800 pCi/L was detected in 
wells 812 and 820, located on opposite sides of the northern portion of WAG 1. All other 
tritium activities in ORNL perimeter well samples were below 8000 pCi/L. 

Gross alpha and gross beta. Detectable gross alpha and gross beta were present in 
most of the groundwater samples collected from WAG 1 wells and piezometers (Tables 4.3.6 
and 4.3.7). Both naturally occurring and man-made radionuclides, including transuranic 
radionuclides, contribute to the gross alpha and/or gross beta activities. The range of 
detectable gross alpha and gross beta activity detected in unfiltered samples from reference 
wells were 3.5 to 3.8 pCi/L and 3.8 to 4.88 pCilL, respectively. 

The maximum gross alpha and beta activities (5093 and 585,497 pCi/L, respectively) 
were detected in samples collected from depths of 40.9 to 42.9 ft BGS in CH008. In some 
cases (Le., samples from piezometers 598 and 541 and well 1101), naturally occurring 
radionuclides accounted for the majority of gross alpha activity in samples with gross alpha 
greater than 15 pCi/L. The majority of gross beta contamination can be attributed to elevated 
strontium and radium-228 activity. 

Forty-three wells, piezometers, and coreholes sampled for gross alpha had activity 
greater than the SDWA MCL of 15 pCi/L (Fig. 4.3.7). These 43 wells, piezometers, and 
coreholes are distributed across WAG 1 and include areas to the west-northwest beyond the 
WAG boundary. Four locations with gross alpha above the MCL (piezOmeters 539 and 533 
and coreholes CH008 and CH11A) contained elevated levels of radionuclides associated with 
uranium and thorium decay series, Including uranium-238, uranium-234, thorium-232, 
thorium-230, and thorium-228. 

Figures 4.3.8 and 4.3.9 illustrate the gross alpha activity detected in unfiltered samples 
collected during low base and high base conditions, respectively. During low base sampling, 
19 wells and piezometers contained gross alpha greater than the MCL; in the high base 
samples, 21 wells and piezometers and 1 corehole exceeded 15 pCi/L. The high base 
sampling locations containing gross alpha in excess of 15 pCilL included five wells and 
piezometers that were not sampled during low base (i.e., piezometers 546, 550, 589, 563, 
and 611 and well 817). The data indicate that gross alpha activities are typically higher 
during low base conditions than during high base conditions. 

The maximum tritium activity found in each well and piezometer during the Phase I 
investigation is The maximum gross beta activity detected in each well, piezometer, and 
corehole sampled as part of the Phase I RI is depicted on Fig. 4.3.10. Figures 4.3.11 and 
4.3.12 illustrate the distribution of gross beta in groundwater during low base and high base 
sampling events, respectively. Gross beta activities were higher in approximately 60 % of 
the unfiltered samples obtained from the wells and piezometers sampled during the low base 
event, compared with the high base event (see Table 4.3.7). 

Radium-228 and strontium-90 were the major beta-emitting, radionuclides identified in 
WAG 1 groundwater, and elevated gross beta activity in the majority of groundwater samples 
could be at least partially attributed to the presence of these constituents. Commonly 
observed discrepancies between the sum of reported activities for specific beta-emitting 
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radionuclides and gross beta content are probably the result of incomplete analyses for the 
full range of beta-emitting isotopes within the samples and the uncertainties related to low 
levels of activity. 

Tables 4.3.6 and 4.3.7 do not list gross alpha and gross beta results for samples sent to 
the on-site CSL. Several samples collected as part of a supplemental investigation of a 
strontium-90 plume in the northwest portion of WAG 1 were analyzed at the CSL and were 
not sent to the contract laboratory for isotopic analysis. Analytical data for these samples 
are discussed in Sect. B6, Appendix B. Of particular significance are high gross beta 
(1,300,000 pCi/L) and gross alpha (1600 pCi/L) activities in a sample from piezometer 584, 
located on Central Avenue southeast of NTF. These high activities are possibly related to 
leaking pipelines in that area. Other plerometers that yielded samples with high gross beta 
activities include 550 (1200 pCilL), 812 (8200 pCilL), 539 (10,000 pCilL), and 535 (320 
pCilL). These activities are believed to be reflective of a strontium-90 plume extending from 
corehole CH008 westward to First Creek and possibly beyond (see Sects. 3.3, 5.3, and 
Appendix B, Sect. B6 for additional information). 

Gross alpha and beta in ReRA perimeter wells. Gross alpha activity was detected above 
the SDWA MCL in six samples from three wells (812, 825, and 829). Samples from three 
perimeter wells (wells 806, 812, and 825) contained gross beta activity greater than 50 
pCilL. The strontium activity in these wells is probably a principal component of the gross 
beta content; other components likely include radionuclides that were not analyzed for. 

Radium. Total radium (I.e., radium-226 and radium-228) was found to exceed the 
SDW A MCL of 5 pCi/L in unfiltered samples collected from 15 wells and piezometers 
sampled during low base conditions (Table 4.3.8). Radium-228 had a detected range of l.36 
to 1980 pCilL. In all but two locations (I.e., wells 1102 and 1103), radium-226 was not 
detected. Neither radium-226 nor radium-228 was detected in reference groundwater 
samples. 

Figures 4.3.13 and 4.3.14 show the distribution of total radium in unfiltered samples 
collected during low base and high base conditions, respectively. Radium was not analyzed 
during the high base storm period except for a sample from piezometer 549. Radium-228 
is a beta-emitter and therefore a contributor to the gross beta content described earlier. 

Radium was most frequently detected in samples from the isotope and 3500 
impoundment areas during both low and high base sampling events. A sample taken in 
September 1990 from pierometer 539, located just northwest of the WAG 1 boundary, had 
the highest concentration of radium detected of all samples collected during both high and 
low events (1980 pCilL). However, ORNL results for RCRA perimeter well 812, located 
approximately 120 ft to the east of piezometer 539, showed a total radium activity of 2.16 
pCilL in December 1988. Total radium activities for samples collected from piezometers 
588, 590, 593, 596, 603, 607, 608, and 613 and coreholes CHOOI and CHIIA between July 
and October 1991 exceeded 5 pCilL. 
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Radium in RCRA perimeter wells. Samples collected and analyzed by ORNL were 
analyzed for total radium (the sum of radium-224 and radium-226); all results were below 
5 pCilL. Analyses were not conducted for radium-228. 

Uranium and thorium series. Most of the naturally occurring radionuclides of the 
uranium and thorium decay series detected in many wells and piezometers are alpha-emitters; 
if present, they would contribute to the gross alpha activity detected in the samples. No 
correlation between the occurrence of naturally occurring alpha-emitters and gross alpha 
content was observed in wells and piezometers containing gross alpha greater than 15 to 20 
pCi/L, indicating that other alpha-emitting (and most likely man-made) radionuclides are 
responsible for most of the gross alpha detected. 

Thorium and uranium series radionuclides were generally detected at levels less than or 
approximately equal to the reference values. The highest activities were in samples from 
CH008 and piezometers 539 and 533. The uranium-234 activities in CH008 ranged from 
631 to 4563 pCilL in unfiltered samples from seven intervals. Samples from piezometers 
539 and 533 had uranium-234 activities of 203 pCi/L (filtered, low base) and 84.5 pCi/L 
(unfiltered, high base). 

Uranium and thorium decay series in RCRA perimeter wells. ORNL results for well 812 
for October 1990 indicate an elevated level ofuranium-234 (199.8 pCi/L). Uranium-235 and 
uranium-238 were detected in the same sample at 3.24 and 6.75 pCilL, respectively. This 
was the only sample that included results of analyses for uranium and thorium isotopes. 
Piezometer 539, sampled approximately a week earlier than and located approximately 120 ft 
west of well 812, had a uranium-234 activity of 203 pCilL. 

Cesium. Analyses for cesium-137 were performed on most of the groundwater samples 
collected. Cesium·137 was not detected in filtered samples, but was detected in unfiltered 
samples ranging from 23.4 to 64.5 pCi/L in piezometers 571 and 589 during low base flow 
and from 32.9 to 67 pCi/L in piezometers 589, 571, and 541 during high base flow. Well 
875 contained groundwater with 10.3 pCi/L cesium-137 during low base flow (see results 
in Appendix B). These activities do not exceed the annual dose equivalent (Le., 109 pCi/L) 
equal to the SOW A MCL limit of 4 mrem/year dose for man-made beta. The reference level 
for cesium-137 was 11.8 pCilL. 

Cesium in RCRA perimeter wells. The maximum cesium-137 activity detected by ORNL 
in unfiltered samples collected between 1988 and 1990 was 32.4 pCi/L. Wells 812, 825, 
810, and 811 had activities between 13.5 and 32.4 pCi/L; samples from the remaining wells 
contained less than 10 pCilL. These activities do not exceed the dose-related MCL, although 
cesium-137 in samples from wells 810, 811, 812, and 825 exceeded the reference level of 
11.8 pCilL. Cesium-137 was not detected in filtered samples. 

Well 810, which contained 21.6 pCi/L of cesium-137, is approximately 100 ft west of 
First Creek, which parallels the western boundary of the WAG. It is not known whether this 
occurrence is related to contaminant migration originating within WAG 1 or from an off­
WAG source (e.g., WAG 3). 
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Transuranic radionuclides. The transuranic isotopes detected in WAG 1 groundwater 
include americium-241, curium-2421243/244, and plutonium-23812391240. Analyses for 
transuranics were performed on only a limited number of samples, either as part of the 
scheduled analyses (see Sect. 2 for a discussion of rationale for sample analyses) or when the 
total activity in a sample, generalIy gross alpha, could not be accounted for by the results of 
an initial analysis for alpha-emitters. Table 4.3.9 presents the activities of alI.transuranlc 
isotopes detected in the welIs, piewmeters, and coreholes. 

The unfiltered sample colIected from piewmeter 596 during low base conditions while 
investigating additional SWMUs In 1991 contained the highest concentration of americium-
241 (20:4 pCi/L). The maximum activity of americlum-241 found elsewhere was 4.6 pCi/L. 
Curium-244 ranged from of 12.2 to 108 pCi/L in three different piezometers and CHOO8 (see 
Table 4.3.9). Plutonium-238/239/240 was found in only two piezometers, 571 and 590, at 
relatively low levels (between 0.3 and 0.64 pCi/L). 

Other. Other man-made radionuclides detected in WAG 1 groundwater include 
technetium-99, calcium-45, promethium-147 , cobalt-60, nickel-63, and iron-55. Technetium-
99 was found in the filtered sample from piezometer 590 at an activity of 8214 pCi/L. 
Unfiltered samples obtained from two intervals in CHOO8 contained technetium-99 at 50.2 
and 72.4 pC ilL. The unfiltered sample obtained from piezometer 593 contained technetium-
99 at 22.6 pCi/L; the filtered sample contained 38.7 pCi/L. Technetium-99 was detected in 
an unfiltered sample from piezometer 598 at 8 pCi/L. Piezometers 596, 588, 563, 613, 549, 
571,885,608,597,566,603,541,564, and 607 and CH07A had detectable technetium less 
than 8 pCi/L. 

Promethium-147 was detected in a welI, two piezometers, and four coreholes. CHOO8 
contained the greatest activity ofpromethium-147, which ranged from 2090 to 47,380 pCi/L 
in all seven intervals sampled; the maximum activity was detected in the sample collected 
from the 37-ft depth interval. The maximum concentrations outside of CHOO8 were 443 and 
111 pCi/L in well 875 and CHllA, respectively. A range of 18.1 to 31 pCi/L was found 
in the other three locations. Promethium-147 was also detected in unfiltered samples from 
CHllA, CH07A, and CHOOI and in samples from well 875 and piezometer 549. The 
presence of promethium-147 in groundwater samples is questionable due to limitations 
involved in the analytical method. A detailed description of limitations associated with the 
analysis of promethium-147 is presented in Sect. C6.5.4, Appendix C. As discussed in that 
section, promethium-147 and technetium-99 are difficult to distinguish in the laboratory. It 
is likely that some, if not alI, of the activities reported as promethium-147 are actually 
attributable to technetium-99 or that the presence of radioactive strontium may be masking 
the analysis for promethium-147. 

The unfiltered low base sample from piewmeter 598 contained nickel-63 at 242 pCi/L, 
and the filtered sample contained 346 pCi/L. Iron-55 was encountered in welI 875 at 
330 pCi/L and In piezometer 549 at 68 pC ilL. 

Calcium-45 was detected at high concentrations in unfiltered and filtered samples (I.e., 
1860 and 465 pC ilL, respectively) in welI 875, just south of impoundment 3524; piezometers 
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598 and 553 and well 1104 had calclum-45 concentrations between 27.4 and 68.2 pCilL. 
All four locations were sampled during low base flow. 

Cobalt-60 was found in groundwater from wells 877 and 885 during low base flow 
within a concentration' range of 9 to 18.5 pCilL. 

Radionuclides found but not discussed here include bismuth-211/212, thallium-208, and 
cerium-1411144. Concentrations of these radionuclides were very close to their associated 
error and are thus considered suspect. 

4.3.3 Chemical Contamination 

Chemical contamination in groundwater was evaluated for the Phase I investigation 
through analyses for a full spectrum of organic and inorganic chemical constituents, including 
VOCs, BNAEs, and metals (Table 4.3.10). The samples were also analyzed for 
organochlorine pes ticides/PCBs, organophosphorus pesticides, dioxins/furans, and chlorinated 
herbicides; however, none of these compounds were detected. 

Among the VOCs, TCE, chloroform, 1,2-dichloroethene, vinyl chloride, and toluene 
were the most frequently detected compounds; TCE and other, less frequently detected VOCs 
were detected in concentrations above the applicable SDW A MCL. Phthalates and PAHs 
were the principal BNAE constituents detected; with few exceptions, these constituents were 
detected in low, estimated concentrations (I.e., qualified with a "J") between 1 and 5 p.g/L. 
For the metals, silver, cadmium, chromium, and lead were detected at concentrations 
exceeding their respective MCLs. 

The sampling results were compared with both reference data and the MCLs 
promulgated under the SDWA (revised April 15, 1991). The objective of this comparison 
was to identify occurrences of groundwater contamination that may be the result of releases 
from sources within WAG 1 and to provide an initial focus for data discussion. 

4.3.3.1 Nature and extent of VOC contamination 

Twenty-two VOCs were detected in 50 of the 72 locations sampled for VOCs during the 
four Phase I sampling events (Table 4.3.11). The majority were chlorinated alkanes and 
alkenes; a small number of aromatics and ketones were also detected. Maximum summed 
VOC concentration, per well, per sampling event did not exceed 530 p.g/L (see Table 
4.3.12). SDWA MCLs were exceeded for benzene, 1,2-dichloroethene, methylene chloride, 
tetrachloroethene, trichloroethene, and vinyl chloride. Carbon disulfide was the only VOC 
detected (2 J p.g/L) in reference groundwater. 

The distribution of VOCs detected in groundwater during the low base, high base, and 
high base storm sampling events is presented in Figs. 4.3.15 through 4.3.17. Detected 
concentrations of VOCs are listed in Table 4.3.13. Summed VOC concentrations in Table 
4.3.12 were obtained from the samples that contained the highest summed concentrations of 
VOCs. Summed concentrations are presented as a means of highlighting the areas of 
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maximum VOC contamination. Results for other samples for the same event are presented 
in Appendix B. 

The highest concentrations of VOCs were detected during low base sampling; the 
summed concentrations were less than 100 p,g/L at 47 of the 50 wells for which low base 
VOC data are available. The summed concentrations exceeded 200 p,g/L at the three 
remaining wells: 598, east of Building 3026 near the center of WAG 1; 553, west of 
Building 2519, also near the center of WAG 1; and 543, west of sewage lagoon 2544 in the 
western portion. The highest summed VOC concentration occurred in well 553 (530 p,g/L). 

Benzene, toluene, ethylbenzene, xylene (BTEX). In well 553, the predominant VOCs 
detected during low base sampling were the aromatic compounds xylene (190 p,g/L) , benzene 
(160 p,g/L), ethylbenzene (120 p,g/L), and toluene (41 p,g/L) (see Table 4.3.13). The 
chlorinated alkanes 1,1,1-trichloroethane (30 p,g/L) and its degradation product, 1,1-
dichloroethane (42 p,g/L), were also detected. This well is adjacent to an underground diesel 
storage tank that has been removed since sampling, and these aromatic VOCs may be 
evidence of a release from this tank. This was the only well sampled during high, low, and 
storm sampling that contained benzene. 

BTEX compounds were not detected elsewhere during low base sampling, except for two 
occurrences of toluene [6 p,g/L in well 587 (beyond the northern boundary of WAG 1) and 
1 p,g/L in well 533 west of First Creek outside of well 553) and one occurrence of xylene 
(23 p,g/L) in well 618 (in the southeastern portion of WAG 1). BTEX compounds were not 
detected during high base or storm sampling events. 

1,2-Dichloroethene. During low base flow conditions, 1,2-dichloroethene was detected 
at 13 locations, making it the most frequently detected VOC. Degradation of 
tetrachloroethene and trichloroethene, which were also detected during low base conditions, 
may be responsible for the presence of 1,2-dichloroethene in WAG 1 groundwater. The 
highest detected concentration (170 p,g/L) was in a sample from well 543, approximately 100 
ft west of the 2544 sewage impoundment (see Fig. 4.3.15). This concentration exceeds the 
MCLs of 70 p,g/L for (cis)1,2-dichloroethene and 100 p,g/L for (trans)1,2-dichloroethene. 
The cis and trans isomers were not differentiated. Additional locations where 
1,2-dichloroethene was detected include wells south of the 3524 and ·3513 surface 
impoundments and southwest of Building 3517 (Figs. 4.3.15 through 4.3.17). 

Vinyl chloride. Vinyl chloride, the end product of the tetrachloroethane and 
trichloroethene degradation series, was detected at nine locations (see Table 4.3.13 and Fig. 
4.3.15); the MCL of 2 p,g/L was exceeded at all locations. Most occurrences of vinyl 
chloride were in samples from wells adjacent to the 3524 and 3513 surface impoundments. 
The highest concentration (43 p,g/L) was in a sample from well 543, west of the sewage 
impoundments; this occurrence could be related to degradation of 1,2-dichloroethene. The 
nearest surface water sampling location, SW-7, is upgradient and approximately 100 ft to the 
northwest of well 543. Chloroform was the only VOC detected at SW-7 (2] p,g/L). The 
nearest downgradient surface water sampling location at which VOCs were analyzed (SW-6) 
is over 1200 ft to the south, but none of the VOCs detected in well 543 were detected at this 
location. Therefore, if the suite of VOCs encountered at well 543 is entering First Creek in 
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the vicinity of the well, it is either volatilized and/or diluted below detection limits 
downstream before exiting WAG 1 boundaries. 

Vinyl chloride was also detected at 3J jtg/L in well 602, on the northeastern boundary of 
WAG 1, along with trichloroethene, 1,2-dichloroethene, 1, I-dichloroethane, and acetone. 

Trichloroethene. TCE was found in samples from 15 locations; the highest 
concentration was in a sample collected from well 598 during the low base sampling event. 
TCE was also found in corehole CH07 A, where concentrations ranged from 87 jtg/L in a 
sample from 72 ft BGS (midpoint of sampling interval) to 180 jtg/L in a sample from 90 ft 
BGS. TCE concentrations at all other locations were less than 30 jtg/L. The majority of the 
samples containing TCE were collected from wells in the northwest portion of the WAG and 
in areas outside of the WAG boundary (wells 548, 660, 539, 538, and 546). Other areas 
where TCE was found include the Oak Ridge Research Reactor (wells 596, 588, and 589), 
the impoundments (wells 876 and 1103), the northeast corner of the WAG (well 602), and 
564, southeast of STF. 

Trichloroethene (210 jtg/L) was the major contaminant in well 598 (see Table 4.3.13). 
Under anaerobic conditions, trichloroethene can degrade or undergo transformation to 1,2-
dichloroethene, 1,I-dichloroethene, and eventually vinyl chloride, which have been detected 
in wells downgradient (to the south and to the southwest) of well 598 and at other locations 
at WAG 1. This suggests the possibility of a plume with an origin in the vicinity of well 
598. 

TCE concentrations in well 598 were highest during the low base sampling event 
(210 jtg/L). Concentrations were 140 jtg/L during high base storm conditions and 160 jtg/L 
during high base conditions. A sample from well 896 exhibited a similar trend. These 
results may reflect dilution of TCE as water levels increase due to increased precipitation 
recharge. In other areas, TCE concentrations do not show consistent patterns of seasonal 
fluctuation. For example, samples from well 886 (south of STF) did not contain detectable 
concentrations during low base sampling, but a sample collected during high base conditions 
contained 15 jtg/L of TCE. The pattern of TCE fluctuations observed in the well may reflect 
rewetting of TCE-contaminated soils as groundwater levels rise, or downward flushing of 
TCE from soils or other sources. 

Tetrachloroethene. Tetrachloroethene was detected at four wells (886 and 873, 
southwest of Building 3517; 564, southwest of Building 2516; and well 554, east of sewage 
lagoon 2543), during low base flow conditions (see Fig. 4.3.15). The highest detected 
concentration in the low base samples was 22 jtg/L in well 886; the maximllm high base 
concentration, 39 jtg/L, was also detected in well 886. The MCL for tetrachloroethene 
(5 jtg/L) was exceeded at all locations where it was detected except well 564. Degradation 
of tetrachloroethene may be responsible for the trichloroethene, 1,2-dichloroethene, and vinyl 
chloride that were also detected in WAG 1 groundwater. 

l,l,l-Trichloroethene. 1,1,I-Trichloroethene was detected in three wells in the west­
southwestern portion of the WAG. The highest concentration (30 jtg/L) was detected during 
the low base sampling event in well 553 located west of Building 2519. It was also detected 
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at well 553 during high base (9 p.g/L) and high base storm sampling (16 p.g/L). 
1,I,I-Trichloroethene was also detected in well 564 (3J p.g/L) and 566 (2J p.g/L), which are 
northeast of well 553. Wells 546 and 566 showed low levels of 1,I,l-trichloroethene during 
the high base and high base storm events; it was not detected in these wells during low base 
events. 

l,l-Dichloroethene. During low base conditions 1,l-dichloroethene was detected in 
four wells in the southwestern portion of WAG 1. The highest concentration was in well 553 
(42 p.g/L); lower levels were detected in wells 554 (1 p.g/L), 564 (3 p.g/L), and 602 (1 
p.g/L). 1,l-Dichloroethene was detected at well 555 during the high base and high base 
storm events at concentration of less than 20 p.g/L, and trace levels were detected in well 564 
(5 p.g/L) during high base conditions. 

Acetone. Acetone was detected at seven well locations at an average concentration of 
17 p.g/L. This compound was detected during low base, high base, and other miscellaneous 
sampling events. 

Other. Other VOCs detected include 2-hexanone, chloroform, methylene chloride, 
carbon disulfide, 1,l-dichloroethene, carbon tetrachloride, 1,2-dichloroethane, 4-methyl-2-
pentanone, bromodichloromethane, pyridine, and chloromethane. Of these, only chloroform, 
1,l-dichoroethene, and bromodichloromethane were present in any individual well during 
more than one sampling event. 

Chlor%nn. Chloroform was detected during low base sampling in six wells north of 
Central Avenue at concentrations ranging from 1 to 24 p.g/L (see Table 4.3.13 and Fig. 
4.3.15). Wells 589, 597, and 598 are within the WAG 1 boundary, and the others (539, 
587, and 814) are just outside the northern boundary. Chloroform can be derived from 
bacterial action in chlorinated water (e.g., public water supplies); it may also form from the 
action of residual chlorine (used in water treatment) on native organic matter found in soil. 
Given these processes and the observed distribution and magnitude (low) of chloroform 
contamination in WAG 1 groundwater, the primary source of this contaminant may be 
leakage from the potable water lines that are present throughout the site. 

l,l-Dichloroethene. This compound, an anaerobic breakdown product of 
trichloroethene, was detected in two wells in the western portion of the WAG. Well 543 
near First Creek, had low levels (1 p.glkg) during the low base event. 1,l-Dichloroethene 
was detected twice in well 553, during low base and high base storm event, at levels less 
than 5 p.glkg. 

Bromodichloromethane. Bromodichloromethane was detected (5 p.g/L) at well 597, west 
of building 3029, during the low base and high base sampling events. °The only other 
compound detected at this well location was chloroform, found during high base, low base, 
and the high base storm events. 

Corehole sampling. VOCs detected in coreholes CHOO1, CHOO3, CHOO6, CHOO8, 
CHOO9, CH07A, and CHllA sampled from July to October 1991 are shown in Fig. 4.3.18. 
Samples from two intervals (51 to 63 ft and 164 to 176 ft) in CHOOI and the 93- to 106-ft 
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depth interval in CHOO3 contained detectable concentrations of toluene (up to 8 Jtg/L); 1,2-
dichloroethene was detected in samples from CHOO3 at 8 Jtg/L. 

Samples from the 129- to 141-ft depth interval of CHOO9, located south and west of the 
3513 and 3524 surface impoundments, contained vinyl chloride (18 Jtg/L), 1,2-dichloroethene 
(17 Jtg/L), and toluene (5 Jtg/L). Both vinyl chloride and 1,2-dichloroethene were detected 
in samples from other wells in the vicinity. A sample from the 315- to 330-ft depth interval 
contained acetone (180 Jtg/L), 1,2-dichloroethene (21 Jtg/L), and toluene (120 Jtg/L). This 
is the deepest groundwater sample in which VOC contamination was detected. Groundwater 
at this depth is characterized as a sodium-chloride type, which indicates that there is little 
direct communication with the shallow groundwater system (see Sect. 3.3 for discussion of 
groundwater geochemistry). Thus, the existence of VOC contamination at this depth is 
uncertain. There is a possibility that the contaminants were introduced to this depth as the 
packer test assembly was lowered through shallower contaminated zones; further sampling 
would clarify whether contamination is present at this depth. 

Groundwater samples from the 86- to 93-ft and the 118.5- to 125.8-ft depth intervals of 
CH07 A contained tetrachloroethene (2 and 6 Jtg/L, respectively), trichloroethene (180 and 
87 Jtg/L, respectively), toluene (undetected and 2 Jtg/L, respectively), and chloroform 
(undetected arid 2J Jtg/L, respectively). Samples from other wells in the northwestern portion 
of WAG 1 also contained trichloroethene (e.g., well 546 with 27 Jtg/L and well 539 with 
6 Jtg/L), which supports the presence of this VOC in CH07A. 

VOCs detected in groundwater samples from CHOO6, CHOO8, and CH11A were toluene 
(up to 62 Jtg/L), chloroform (up to 17 Jtg/L), and methylene chloride (up to 4J Jtg/L). 

RCRA perimeter wells. VOCs were detected in samples from 11 of the 25 ORNL 
RCRA wells that were sampled and analyzed for VOCs (Table 4.3.14). The most commonly 
occurring VOCs were methylene chloride, acetone, and hexane, all of which were detected 
in the laboratory blanks. Because these data were not validated for blank contamination, it 
is difficult to determine whether these compounds are indicative of site-related contamination. 
Detected VOCs that are indicative of potential groundwater contamination are benzene, 
chloroform, trichloroethene, and vinyl chloride; reported concentrations ranged from less 
than 1 to 28 Jtg/L. All of these compounds were detected only during low base conditions, 
between Iune and October 1989 and the same period in 1990. 

Benzene was detected in estimated concentrations near the detection limit in three wells 
around the southern and eastern perimeter of WAG 1: 808 (0.3 Jtg/L), 811 (0.5 Jtg/L), and 
824 (2 Jtg/L). Trichloroethene was detected above the MCL of 5 Jtg/L in wells 812 (3 to 6 
Jtg/L) and 813 (4 to 11 Jtg/L). Both of these wells are located in the northwestern portion 
of WAG 1. Chloroform was also detected in wells 812 (4 to 15 Jtg/L) and 813 (3 to 7 Jtg/L) 
and in a third well on the northern perimeter, 814 (14 Jtg/L). Vinyl chloride was detected 
in well 825, in the southern portion of WAG 1, at concentrations ranging from 18 to 28 
Jtg/L, well above the 2 Jtg/L MCL. 
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4.3.3.2 Nature and extent of BNAE contamination 

Ten BNAE compounds were detected in groundwater samples from 39 locations: 
acetophenone, N-nitroso-diphenylamine, bis(2-ethylhexyl)phthalate, butyl benzyl phthalate, 
carbolic acid, di-n-butyl phthalate, naphthalene, 2-methyl naphthalene, phenanthrene, and di­
octylester phthalic acid (di-n-octyl phthalate). The ml\iority of these constituents were 
detected in estimated concentrations (Le., reported with a "J" qualifier) of 1 to 5 p.g/L. 
Concentrations of this magnitude are only slightly above the method detection limits for these 
compounds and well below the RCRA action limits established for BNAE compounds. 

Phthalate compounds. Phthalate compounds were the most frequently detected BNAEs 
and were detected from the largest number (29) of sampling locations. The maximum 
concentration detected for a phthalate compound was 75 p.g/L, although in most cases, 
concentrations did not exceed 10J p.g/L. Phthalate compounds are used as plasticizers and 
are common components of sampling equipment used in the field (gloves, tubing) and 
analytical equipment used in the laboratory. As a result, phthalate compounds are commonly 
detected in field and laboratory quality control samples. In addition, they are typically not 
mobile in soil due to a high affinity for absorption and susceptibility to biodegradation 
(Howard 1990). 

Polynuclear aromatic hydrocarbons. Three PAH compounds were detected only in 
samples from well 553: naphthalene (10J to 14J p.g/L), 2-methyl naphthalene (3J to 4J 
p.g/L), and phenanthrene (2J p.g/L). Well 553 is near the site of an underground diesel 
storage tank scheduled for removal because of indications that it has been leaking. Other 
petroleum components (benzene, toluene, ethyl benzene, and xylenes) were also detected in 
this well. Potential sources of PAHs, in addition to motor fuels, include asphalt pavement, 
waste oil and lubricants, and combustion residues from the coal-fired boilers. 

N-nitrosodiphenylamine. This compound was detected at 14 locations in estimated 
concentrations not exceeding 6J p.g/L. It was also detected at similar concentrations in four 
of the surface water reference samples (SW-4, SW-6, SW-7, and SW-8). Upon further 
investigation, it was determined that the occurrence of this compound in the reference 
samples was the result of laboratory contamination (ENI 1990). Although n­
nitrosodiphenylamine was not found in laboratory blanks associated with groundwater 
samples, its occurrence in the groundwater is considered suspect. 

Other compounds. Acetophenone (61 p.g/L) and phenol (21 p.g/L) were detected in the 
September-October 1990 samples from wells 818 and 541, respectively. These compounds 
were not detected in samples from these wells collected during other events. Acetophenone 
is commonly used in the perfumery industry; its presence in the groundwater at WAG 1 is 
suspect. Phenol may be related to ORNL activities, but its occurrence in only one well 
indicates that its impact on groundwater quality at WAG 1 is negligible. 

In summary, most BNAE compounds present in WAG 1 groundwater samples were 
detected in estimated concentrations less than 10 p.g/L. Many of these results should be 
discounted as representing laboratory artifacts or other forms of spurious contamination. The 
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presence of the polyaromatic compounds detected in well 553 is supported by the presence ( 
of VOCs also associated with a known source (a leaking diesel fuel tank). 

RCRA perimeter wells. BNAEs were detected in the majority of these wells, primarily 
during low base groundwater conditions in the late summer/early fall of 1989 and 1990. 
Concentrations of individual compounds typically were in the range of 10 to 50 p.g/L; 
maximum individual concentrations were 140 to 220 p.g/L (Table 4.3.15). The reference 
levels for semivolatile organics were all at or below detection limits (typically 10 to 50 
p.g/L), with the exception of bis(2-ethylhexyl)phthalate and di-n-butyl phthalate, both of 
which were detected at estimated concentrations of 10 and 2 p.g/L, respectively, in one of 
the reference wells. 

The most frequently detected compounds (three to five occurrences) were a PAH (indeno 
U,2,3-cdl pyrene), reported at 10J p.g/L in five wells; two phthalate compounds [bis(2-ethyl 
hexyl) phthalate and diethylphthalatel, ranging from 8J to 41 p.g/L and 1] to 6JB p.g/L, 
respectively; chlorinated benzenes, reported at 10 p.g/L in five wells; hexachlorethane, also 
reported at 10 p.g/L in three wells; and several phenolic compounds. The largest number of 
compounds were reported in samples from wells 816 and 818, both of which are in the 
northwest portion of WAG 1. Only bis(2-ethyl hexyl)phthalate was detected on more than 
one occasion in a given well (well 820). All other semivolatile compounds were only 
detected in one of the 1989 or 1990 sampling events for each well. 

Twenty-five BNAE tentatively identified compounds (TICs) were reported. These 
compounds were detected only in wells in the eastern (820, 821, 824, 826) and southwestern 
(806, 808,809) portions of WAG 1. Unknown BNAE compounds were detected on more 
than one occasion only in wells 824 and 826. 

Total BNAE concentrations in each well ranged from 1 to 261 p.g/L. The highest 
concentrations were detected in wells 816 (216 p.g/L), 810 (244 p.g/L), and 809 (261 p.g/L) 
during low base conditions in September 1990. These wells are on the northeastern (816) 
and western (809 and 810) portions of WAG 1. Slightly lower concentrations of total 
BNAEs (100 to 200 p.g/L) were detected in wells along the southeastern perimeter (806, 807, 
and 808) and in another well in the northeastern portion of the WAG (818). 

Of note is the near absence of semivolatile organic compounds in perimeter wells near 
the 3513 and 3524 surface impoundments and SWSA 1. Of the five wells in this area (825 
through 829), well 826 was the only one in which semivolatile organics (in this case 
unknowns) were detected. 

4.3.3.3 Nature and extent of organochlorine pesticide/PCB contamination 

Organochlorine pesticide and PCBs analyses were performed for the RCRA perimeter 
well samples. Two pesticides, beta-BHC and delta-BHC, were detected in well 814, located 
beyond the northern boundary of WAG 1. The maximum detected concentration of beta­
BHC was 0.319 p.g/L, while the maximum for delta-BHC was 0.667 p.g/L. There were no 
detectable concentrations of PCBs in WAG 1 groundwater. 

R:\WAGISCSIFOUR 



( 4-33 

4.3.3.4 Nature and extent of other organic compound contamination 

Organophosphorous pesticides, dioxins and furans, and chlorinated herbicides were 
included in the scope of Appendix IX analyses (see Sect. 2). There were no detectable 
concentrations of these compounds in groundwater samples from WAG 1. 

4.3.3.5 Nature and extent of metal contamination 

The results for metals are summarized in Table 4.3.16. In addition to being potential 
contaminants, many metals are natural constituents in groundwater and can be present in a 
wide range of concentrations. The variability in concentrations can depend on several 
factors, including seasonal variations in groundwater level, rate of groundwater flow, 
contaminant migration, contaminant release mechanisms, well construction, sample collection 
and preservation techniques, amount of suspended and dissolved solids present in the sample, 
and analytical techniques. 

Filtered sample results were typically lower than unfiltered results, often by an order of 
magnitude or more (see Table 4.3.16). Metals that were found to exceed MCLs in the 
unfiltered samples were lead, chromium, cadmium, and mercury (Table 4.3.16). Filtered 
sample results did not exceed MCLs, except for two occurrences of cadmium (piezometers 
572 and 879) and one occurrence of lead (piezometer 553). 

Total recoverable metals (TRMs) were also analyzed in selected groundwater samples. 
However, a review of the analytical results for TRMs has revealed discrepancies in the data 
that possibly limit their usefulness. A detailed discussion of the TRM results is presented 
in Appendix C (Sect. C.5.4.3). 

ReRA perimeter wells. Sample results reported by ORNL for the perimeter wells 
identified a number of metals present in concentrations that exceed reference levels (Table 
4.3.17). In unfiltered samples, the 50 p,g/L MCL for arsenic was exceeded in wells 807 and 
809. Arsenic also exceeded the MCL in a filtered sample in well 807. The 5 p,g/L MCL 
for cadmium was exceeded in unfiltered samples from all 15 wells in which it was detected; 
all of these samples were collected in June 1989. The MCL for cadmium was exceeded in 
filtered samples from seven wells; one of these samples was collected in September 1990, 
and the others were collected in June 1989. 

The barium, chromium, and lead MCLs were exceeded in unfiltered samples from three 
wells; none of the filtered samples exceeded the MCL for any of these parameters. In each 
case, the MCLs were exceeded only once at a given location, most often in the June 1989 
samples. 

Nature and extent of individual metals. Aluminum. Aluminum was detected over a 
wide range of concentrations at WAG 1 and was found in nearly every well sampled. The 
highest concentration in an unfiltered sample was 176,000 p,g/L (piezometer 553). The 
highest concentration in a filtered sample was 1830 p,g/L (piezometer 538). Aluminum is 
an abundant metal in the clay minerals present in the overburden soils at WAG 1. The 
reference sample results ranged from 71.9 to 4400 p,g/L. 
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Aluminum in RCRA perimeter wells. The unfiltered samples include only one well ( 
(816) in which aluminum was detected above the maximum reference value of 4400 p.g/L. 
Aluminum Is commonly associated with clay minerals that are often the components of 
suspended solids in a groundwater sample; the elevated concentrations detected in well 816 
may be due to turbidity in the sample. Elsewhere, concentrations of aluminum ranged from 
60 to 2700 p.g/L. . 

This interpretation is supported by results from the filtered samples, in which the 
c·oncentrations of aluminum were significantly lower. The high concentrations of aluminum 
observed in the unfiltered samples from well 816 (and other wells) were probably the result 
of suspended solids within the sample. 

Antimony. Antimony was detected in 17 wells and coreholes; overall, however, it was 
infrequently detected above the SQL. Results ranged from nondetected to 49.11 p.g/L 
(piezometer 553). The highest concentration in an unfiltered sample was 33.5 p.g/L 
(piezometer 536). Antimony was not detected in any reference samples. 

Arsenic. Arsenic did not exceed the SDWA MCL of 50 p.g/L. The maximum 
concentration was 24.11 p.g/L (CH006). The reference value of 2.6 p.g/L in unfiltered 
samples was exceeded in samples from 29 additional wells. The highest concentration in 
unfiltered WAG 1 samples was 7.4 p.g/L (piezometer 622). 

Arsenic in RCRA perimeter wells. The MCL for arsenic was exceeded in wells 807 and 
809 (74 and 65 p.g/L, respectively) in samples collected in September 1990, and the 
concentration in well 811 was at the MCL of 50 p.g/L. Arsenic was not detected in any of 
the other wells. 

Barium. Barium was detected in samples from 79 locations, but no results exceeded the 
MCL of 2000 p.g/L. The maximum detected concentration was 1450 p.g/L in well 603, 
which is in the northwest portion of WAG 1. The maximum concentration in filtered 
samples was 375 p.g/L (well 1102), which exceeds the maximum reference concentration of 
148 p.g/L. 

Barium in RCRA perimeter wells. The MCL was exceeded in a sample collected in 
October 1989 from well 820 (2300 p.g/L); however, the concentration qf barium in the 
filtered sample from this well was 22 p.g/L. Concentrations elsewhere ranged from 3 to 460 
p.g/L. Barium was detected above the range of reference levels (61 to 148 p.g/L) in 13 wells; 
the majority of such occurrences were associated with samples collected in October 1989 and 
September 1990 (i.e., low base conditions). 

Beryllium. Beryllium was detected in unfiltered samples from 44 locations at 
concentrations ranging from 1 to 21.3 p.g/L, but it was not detected in reference samples. 
The highest concentration was detected at well 553. The maximum concentration detected 
in a filtered sample was 1.11 p.g/L (CHOO9). The 1 p.g/L MCL for beryllium was exceeded 
in the unfiltered samples from 68 locations; however, only one filtered sample exceeded the 
MCL. 
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Beryllium in RCRA perimeter wells. Beryllium was detected in 19 of the WAG 1 
perimeter wells. The highest concentrations were in wells 829 (31 II-g/L); 824, 812, 813, 
827, and 829 (all 30 II-g/L); and 806, 807, 808, 809, 810 and 811 at 29 II-g/L. All of the 
elevated beryllium concentrations were associated with the June 1989 sampling event. 
Unfiltered samples from 27 wells contained beryllium exceeding the MCL. Concentrations 
in the filtered samples were comparable to those reported for the unfiltered samples, with 
maximum concentrations in the 30 II-g/L range. 

Wells 810 through 813 are along the western perimeter of the WAG, and 810 is 
approximately 100 ft west of First Creek. Well 824 is south of Building 4508 along the 
southeastern perimeter of the WAG, 827 and 829 are near SWSA I, 807 and 808 are in the 
vicinity of the coal pile, and 806 is in the WOC floodplain in the Haw Ridge gap. 

Because all beryllium detections were limited to one sampling event and were not 
observed in subsequent sampling events, a more detailed evaluation of the June 1989 
analytical data (e.g., field and laboratory quality control data) would be necessary to support 
definitive conclusions regarding the presence of beryllium in the perimeter wells. 

Boron. Boron was not analyzed during the Phase I investigation. 

Boron in RCRA perimeter wells. No reference level or MCL is available for boron, 
which ranged in concentration from 80 to 1100 II-g/L In these wells. The maximum 
concentrations were detected in well 808 (960 to 1100 II-g/L) during low base conditions. 

Concentrations of boron were similar in both filtered and unfiltered samples, indicating 
that the presence of boron is probably not attributable to suspended solids derived from the 
overburden soils or bedrock. 

Cadmium Cadmium was detected in concentrations exceeding the MCL of 5 II-g/L at 
eight locations. The highest concentration detected was 26.9 II-g/L in piezometer 553 (Fig. 
4.3.19). The filtered results for only well 879 (9 II-g/L) and piezometer 572 (6.3 II-g/L) 
exceed the MCL. Cadmium was detected in the reference wells with a maximum 
concentration of 5.2 II-g/L. 

High base flow sample results for cadmium indicate no detectable concentrations, except 
for 3.7 II-g/L detected in a filtered sample from piezometer 536. Cadmium was not detected 
in samples collected during the high base flow storm event. Cadmium was detected in 
CH003 at 6.3 II-g/L. 

Cadmium in RCRA perimeter wells. The 5 II-g/L MCL was exceeded in the June 1989 
samples from 15 wells. The highest concentrations were found in wells 820 (45 II-g/L), 814 
(l1l1-g/L), and 829 (l1l1-g/L). Concentrations of lOll-gIL were reported in wells 806, 809, 
813, 824, 827, and 828. Concentrations between 8.6 and 9.9 II-g/L were reported for wells 
807,812,808,811,828, and 810. In the filtered samples, cadmium exceeded the MCL in 
six wells; concentrations ranged from 4.2 to llll-g/L. With the exception of the unfiltered 
sample collected in October 1989 from well 828 (8.8 II-g/L) and the September 1990 filtered 
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sample from well 809 (7.1 p.g/L), all of the cadmium detects were associated with the June ( 
1989 sampling round. 

Calcium. Calcium was detected at a wide range of concentrations. The highest 
concentration detected in reference location samples (138,000 p.g/L) is approximately one­
tenth the highest concentration detected in an on-site sample (1,330,000 p.g/L, piewmeter 
608). Calcium is a principal component of the bedrock at WAG 1 and it is unlikely that it 
is a contaminant. 

Chromium. Chromium was detected at most locations; concentrations at 10 locations 
exceeded the MCL of 50 p.g/L during low base flow sampling (Fig. 4.3.20). Chromium 
occurrence is widespread; 5 of the 10 locations with concentrations exceeding the MCL are 
outside of the west and northwest boundaries. The highest concentration (268J p.g/L) was 
in an unfiltered sample from well 553, which also had the highest concentration of cadmium 
(26.9 p.g/L) during the same sampling event. Filtered chromium results did not exceed 27.5 
p.g/L (well 541), which is below the MCL. The reference level for chromium ranged from 
16 to 25.7 p.g/L. 

Chromium in RCRA perimeter wells. Chromium was widely detected in WAG 1 
perimeter wells, and reference levels were exceeded in 11 wells. The MCL for chromium 
(50 p.g/L) was exceeded in the June 1989 unfiltered sample from well 812 (110 p.g/L), but 
the October 1990 sample showed a decline in concentration to 59 p.g/L. Concentrations 
above the reference levels were detected in either June or October 1989, with the exception· 
of the October 1990 results from well 812. Chromium concentrations in the remaining ( 
perimeter wells ranged from 5 to 25 p.g/L. 

Chromium was also widely detected in filtered samples; maximum concentrations were 
detected in the June 1989 samples from wells 809 and 828 (27 p.g/L), 806 (25 p.g/L), and 
829 (24 p.g/L). The concentration of chromium in the June 1989 filtered sample from well 
812 was 20 p.g/L. 

Caball. Cobalt was not detected in any reference groundwater samples but was detected 
at 44 locations in WAG 1. The maximum concentration (267 p.g/L) occurred in a sample 
from piezometer 553, located next to the diesel fuel tank at the steam plant. Samples from 
this piezometer also contained elevated concentrations of benzene, toluene, xylene, and 
ethylbenzene. 

Two locations north of the WAG boundary (piewmeters 538 and 549) also contained 
elevated concentrations of cobalt (138 p.g/L and 62.2 p.g/L, respectively). Five locations 
within the northern portion of the WAG 1 boundary yielded samples containing elevated 
concentrations. A sample from well 550, located north of Building 2013, contained 56.7 
p.g/L; a sample from well 602, north of Building 3010, contained 56 p.g/L. Well 611, east 
of Building 3085, showed 124 p.g/L; well 603, east of Building 3042, contained 88.9 p.g/L; 
and well 608, in the isotopes area, contained 73.2 p.g/L. Piezometer 592, southeast of STF, 
yielded a sample containing 58.5 p.g/L. All other samples contained less than 50 p.g/L. 
Concentrations were consistently higher in unfiltered samples than in filtered samples. 
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Filtered samples from seven locations had detected concentrations; the highest reported 
concentration of 14 p.g/L was in a sample from well 880. 

Cobalt in RCRA perimeter wells. Cobalt was detected in 13 wells at concentrations 
ranging between 3 and 14 p.g/L in unfiltered samples; the maximum concentration was in the 
October 1989 sample from well 823. In the filtered samples, cobalt concentrations were 
lower (3 to 8 p.g/L). 

Copper. Copper was detected in reference samples at a maximum concentration of 
9.3 p.g/L in an unfiltered sample. It was detected in most unfiltered samples collected during 
the Phase I investigation at concentrations ranging from 2.3 to 267 p.g/L but did not exceed 
the secondary MCL (1300 p.g/L). Copper was detected in filtered samples from 30 locations, 
with a maximum concentration of 42. 8 p.g/L (piezometer 597). 

CQPper in RCRA perimeter wells. Copper was detected above the reference level in 15 
wells at concentrations ranging from 8.6 to 600 p.g/L. No samples exceeded to MCL. 
Samples collected in February 1989 from wells 816 and 819 contained the highest 
concentrations. Most of the samples containing copper above the reference levels were 
collected in October 1989. 

Filtered results for copper were significantly lower than unfiltered results. Copper was 
detected in filtered samples collected in October 1989 in only six wells. The maximum 
concentration was 21 p.g/L in the October 1989 sample from well 818; all other results 
ranged between 8.8 and 9.2 p.g/L. 

Iron. Iron was detected in all but a few samples; concentrations ranged between 13.4 
and 437,oooJ p.g/L. The highest concentration.in a filtered sample was 17,400 p.g/L 
(piezometer 610). Iron was detected in reference samples at a maximum concentration of 
5100 p.g/L. Iron is an abundant metal in the clay mineral component of the WAG 1 
overburden; its presence in the WAG 1 groundwater samples is likely a reflection of this 
relationship. 

Iron in RCRA perimeter wells. Iron was also detected in nearly every sample from 
perimeter wells at concentrations of 11 to 7000 p.g/L. The reference level was exceeded in 
wells 806, 807, 809, 816, 819, and 826; the maximum concentration was detected in well 
809. Well 809 also contained the maximum concentration of iron in the filtered samples 
(15,000 p.g/L). Filtered sample concentrations above 1000 p.g/L were detected in the same 
wells that exceeded reference levels. 

Lead. Lead was detected at 39 locations above the 50 p.g/L MCL during low base flow 
sampling (Fig. 4.3.21). The highest concentration (628 p.g/L) was in a sample from well 
587. However, this sample was subject to laboratory quality control problems and has been 
qualified as a result with limited use. A concentration of 52 p.g/L was detected during high 
base flow from the same well. The reference level for lead (25.7 p.g/L) is based on a single 
detection. Filtered results for lead did not exceed 25.9 p.g/L, which is below the MCL. 

R:IWAOISCSIFOUR 



4-38 

Two samples collected during the high base flow storm event displayed higher 
concentrations than during high base flow. Although the MCL was not exceeded during 
either event, the concentration in one location (piezometer 553) increased from 11.7 to 40.2 
p.g/L. The MCL was, however, exceeded in piezometer 553 during low base flow sampling. 
In the second location (piezometer 602), an increase was also detected from high base (28.5 
p.g/L) to high base storm (94 p.g/L). The MCL was also exceeded in well 602 during low 
base but not during high base nonstorm. 

Lead in RCRA perimeter wells. Lead was detected in only one sample, collected in 
October 1989 from well 816. The concentration in this sample (40 p.g/L) is below the MCL. 
Lead was not detected in any filtered samples collected from the ORNL perimeter wells 
during the period December 1988-September 1990. 

Magnesium. Magnesium was detected in unfiltered samples at concentrations ranging 
between 6010 and 96,500 p.g/L. The reference level (28,400 p.g/L) was exceeded at 34 
locations. The highest concentration in a filtered sample was 45,000 p.g/L (well 879). 
Magnesium is a common metal in carbonate/dolomite terrains; therefore, it is unlikely that 
magnesium is a contaminant at WAG 1. 

Magnesium in RCRA perimeter wells. Magnesium was detected in all of the RCRA 
perimeter wells, at concentrations ranging from 430 to 32,000 p.g/L. 

Manganese. Manganese was detected in samples from 80 locations; concentrations ( 
ranged between 1.2 and 14,400 p.g/L. The maximum concentration in a filtered sample was 
11,000 p.g/L (well 877). Samples from 32 locations exceeded the maximum reference 
concentration of 1600 p.g/L. Manganese is a common metal in clays and typically forms 
dendritic patterns of precipitation (pyrolusite) along planes of separation in the soil. It is 
unlikely that manganese is a contaminant at WAG 1. 

Manganese in RCRA perimeter wells. Manganese was widely detected in these wells; 
the reference level was exceeded in eight wells. The highest concentrations were in wells 
806 and 807 (> 3500 p.g/L). Elevated concentrations (> 2000 p.g/L) were also reported for 
wells 809, 826, and 829. Concentrations exceeding the reference levels were detected during 
both high and low base conditions. Manganese was also elevated in the filtered samples from 
wells 807 and 806. Concentrations of 4000 to 7000 p.g/L were reported for the June and 
October 1989 samples, and the September 1990 sample for well 807 was 4000 p.g/L. 

Mercury. Most samples analyzed for mercury did not contain detectable levels of 
mercury. Mercury was detected in samples from 19 locations; the only location where it 
exceeded the MCL of 2 p.g/L was piezometer 543, which yielded a sample containing 2.4J 
p.g/L. Otherwise, the maximum detected concentration from on-site sampling did not exceed 
1.2 p.g/L, which is below the 2 p.g/L MCL. Mercury was not detected in the two reference 
samples analyzed for mercury; the detection limit was 0.2 p.g/L. Filtered results did not 
exceed 1.85 p.g/L. 
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Mercury in RCRA perimeter wells. Mercury was detected in the January and February 
1989 samples from wells 827 and 810, at concentrations of 1 and 0.1 p.g/L, respectively. 
These concentrations are below the MCL of 2 p.g/L. 

Mercury was not detected in filtered samples from well 827, but was detected in well 
810 at 0.1 p.g/L. Wells 814, 828, 826, 813, 808, and 829 also contained mercury (0.1 to 
0.2 p.g/L). All of these concentration were detected in the June 1989 samples. 

Nickel. Nickel was detected in concentrations ranging up to 304 p.g/L; the highest was 
from piezometer 553. The maximum reference level was 38.6 p.g/L. The MCL for nickel 
(100 p.g/L) was exceeded in 11 wells. Detected concentrations of nickel in filtered samples 
ranged from 4.8 to 51.3 p.g/L. The filtered sample from well 553 contained no detectable 
nickel at an SQL of 20 p.g/L, in contrast to the 304 p.g/L detected in the unfiltered sample. 

Nickel in RCRA perimeter wells. The reference levels for nickel were slightly exceeded 
in wells 823 (52 p.g/L) and 824 (42 p.g/L). The concentration in filtered samples was similar 
in well 823 (36 p.g/L) but was lower in 824 (8.9 p.g/L). 

Osmium. Osmium was found in seven samples but was not detected above the CRQL 
of 500 p.g/L. 

Osmium in RCRA perimeter wells. Osmium was not analyzed. 

Potassium. Potassium was detected frequently in groundwater at WAG 1; the highest 
reference value of 3820 p.g/L was exceeded in samples from 38 locations. Concentrations 
ranged to 25,000 p.g/L; the highest was detected at piezometer 603. Potassium is a common 
metal in the clays found in overburden soils at WAG I, and it is unlikely that it is a site 
contaminant. 

Potassium in RCRA perimeter wells. Potassium was also frequently detected in the 
perimeter wells, at concentrations comparable to those detected in samples collected during 
Phase I. 

Selenium. Selenium was detected in samples from nine locations; no .concentration 
exceeded the SDW A MCL of 50 p.g/L. No reference concentrations exceeded the SQL for 
selenium. 

Selenium in RCRA perimeter wells. Selenium was not analyzed. 

Silver. There is no SDWA MCL for silver; it was not detected in any samples above 
the RCRA MCL of 50 p.g/L. Silver was detected in samples from 40 locations; the highest 
concentration (30.7 p.g/L) was in a sample from piezometer 603. Silver was not detected in 
any of the reference wells, where the detection limits ranged from 5 to 10 p.g/L. The 
reference level for filtered samples was also below the detection limits of 3 to 10 p.g/L. 
Filtered results for silver did not exceed 20.3 p.g/L in any sample. 
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Silver in RCRA perimeter wells. Silver was detected above reference levels in wells ( 
806 (14 to 17 pg/L), 807 (14 to 16 pg/L) , 809 (11 pg/L) , 826 (11 pg/L) , and 829 (12pg/L). 
These concentrations are below the MCL for silver. All of the elevated concentrations were 
detected in samples collected during low base conditions in June or October 1989. Silver 
was detected in filtered samples in similar concentrations (11 to 16 pg/L) in the same wells 
that contained elevated silver in unfiltered samples (wells 806, 807,809, and 829). A slight 
decline in concentrations over time was noted for many of the wells; for example, the 
concentration in the filtered sample collected in October 1989 in well 806 declined from 17 
to 13 }lg/L. As with the unfiltered samples, concentrations in the filtered samples were well 
below the MCL. 

Sodiwn. Detected concentrations of sodium in unfiltered samples ranged up to 
732,000 pg/L; unfiltered reference levels ranged up to 49,000 pg/L. Although the reference 
maximum was exceeded, this occurred in corehole samples taken from deep zones 
characteristic of sodium carbonate groundwater (see Sect. 3). The highest concentration of 
sodium from locations other than the coreholes was 91,400 }lg/L (piezometer 548), which 
is similar in magnitude to the maximum reference concentration. Sodium is not considered . 
to be a site contaminant. 

Sodium in RCRA perimeter wells. The distribution of sodium in the perimeter wells 
was similar to that reported for samples collected during the Phase I investigation. 

Strontium. Elemental (nonradioactive) strontium was not analyzed during Phase I. 

Strontium in RCRA perimeter wells. Elemental strontium was detected in most samples; 
concentrations in unfiltered samples ranged from 56 to 2700 pg/L. The highest 
concentrations were detected in well 821 (2000 to 2700 pg/L). No reference levels are 
available for comparison. Concentrations in filtered samples were similar in magnitude and 
occurrence; the highest (2000 to 2600 pg/L) were detected in well 821. Because strontium 
was widely detected in the filtered samples, it is not associated with sediment particles larger 
than the filter pore diameter and is probably a dissolved constituent. Elemental strontium is 
a natural constituent of limestone, where it substitutes for calcium. Its presence in 
groundwater at WAG 1 is likely attributable to this factor. 

1halliwn. The highest concentration of thallium found was 5. 6 pg/~ in an unfiltered 
sample from piezometer 603. Thallium was not detected in reference samples at 
concentrations above the reference sample SQL of 2 pg/L. The highest concentration in a 
filtered sample was 3.3J (piezometer 588). 

Thallium in RCRA perimeter wells. Thallium was detected in a large number of wells 
in the January and February 1989 samples; concentrations ranged from 20 to 86 }lg/L. The 
maximum concentration was detected in the October 1989 sample from well 816, which is 
near the north.east perimeter of the WAG. Thallium was not detected in the filtered 
samples. 

Tin. Tin was analyzed on a selective basis and was not detected. 
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Tin in RCRA perimeter wells. Tin was not analyzed. 

Vanadium. Vanadium was detected frequently at concentrations ranging as high as 
379J pg/L (piezometer 553) in unfiltered samples. The maximum reference level, based on 
analysis of two samples, was 5.8 pg/L; this concentration was exceeded in most samples in 
which vanadium concentration could be quantified. The highest concentration in a filtered 
sample (18.3 pg/L) was in a sample from piezometer 588. 

Vanadium in RCRA perimeter wells. Vanadium was detected in unfiltered samples from 
nearly all of the perimeter wells in concentrations between 3 and 16 pg/L; most of these 
detections were in samples collected in December 1988, January 1989, and February 1989. 
Vanadium was detected in only four of the filtered samples (all collected in October 1989) 
at concentrations ranging from 3.2 to 3.9 pg/L. The maximum occurred in the sample from 
well 825. 

Zinc. Zinc was detected in samples from 71 locations; concentrations in unfiltered 
samples ranged up to 57,200 pg/L. In filtered samples, concentrations ranged up to 745 
pg/L (piezometer 548). Reference concentrations (based on four reference samples) ranged 
from 15.2 to 32.1 pg/L. It is unlikely that zinc is a contaminant on site because it is a 
common metal in carbonateldolomite terrains. 

Zinc in RCRA perimeter wells. Although zinc was detected in most unfiltered samples, 
only one, collected in well 813 (370 pg/L), exceeded reference levels. Zinc was also widely 
detected in filtered samples; concentrations were similar to those reported for unfiltered 
samples, with the maximum (52 pg/L) detected In the October 1990 sample from well 828. 

Sources of variability and uncertainty in concentrations of metals. A source of 
uncertainty in the evaluation of metal contaminants is the varying quality of the monitoring 
wells. Piezometers at WAG 1 (i.e., the 500 and 600 series wells) were not constructed to 
RCRA groundwater quality monitoring well standards. Many of these piezometers are very 
low yielding and may not have been sufficiently developed. They produced water samples 
relatively high in suspended solids, which may result in elevated concentrations of metals 
when samples are preserved in the field with acid and further digested in the laboratory. 

A comparison of site maximum concentrations of metals in unfiltered samples with site 
maximum concentrations in filtered samples suggests that suspended particles are contributing 
to elevated concentrations in unfiltered samples. In some instances, one to two orders of 
magnitude difference are observed. 

4.3.4 General Observations 

Radiological contamination. Figure 4.3.22 is a synthesis of the radiological 
contaminants observed in groundwater samples collected from WAG 1. The figure was 
generated by plotting locations where samples containing elevated concentrations of 
radionuclides were identified. For purposes of developing the figure, elevated concentrations 
were defined as those exceeding existing MCLs; if no MCLs existed, reference levels were 
used. For naturally occurring radionuclides such as uranium, thorium, and radium, some 
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judgment was also applied on the basis of the concentrations and on the presence or absence 
of man-made radionuclides in the vicinity. The presence ofpromethium-147 is shown on the 
figure, although the identification of this radionuclide is questionable because of analytical 
uncertainties (see Appendix C). Location~ where promethium-147 is reported may actually 
contain other (unknown) beta-emitting radionuclides, such as technetium-99. 

Hilltop area. Groundwater in this area is contaminated with americium-241, technetium-
99, radium-228, and tritium. Hydraulic connection between groundwater in the 3019 area 
and the Building 3042 sump has been documented (see Sect. 3.3); contaminants from 
Building 3019 activities migrated quickly in the groundwater and were found in the Building 
3042 sump. 

Area northwest of WAG 1 boundary. Groundwater in this area is contaminated with 
radium-228, uranium-234, and thorium-22812301232. This area of contamination overlaps 
the strontium plume that extends from corehole CHOO8 to First Creek (see below). In 
addition, piezometer 549 contains low levels of plutonium; the source is unknown, but may 
be in the northern 2000 area. 

Isotope area. Groundwater in this area Is contaminated with technetium-99, 
curium-244, nickel-63, tritium, radium-228, and strontium-90. Likely sources are past leaks 
from LLLW pipelines in this area. It is also possible that some of the contamination may 
have migrated from the area of Buildings 3019 and 3042. 

NTF to First Creek. This area contains a strontium-90 plume that is strata-bound within 
Unit E and extends at least from corehole CHOO8 to First Creek, and possibly to piezometer 
535, west of First Creek (see Sect. 3.3 for additional discussion of this plume). Other 
contaminants in the plume are americium-241, technetium-99, promethium-147, curium-244, 
radium-228, uranium-2341238, and thorium-22812301232. Most of these isotopes were found 
in groundwater samples from CHOO8. The likely sources of contamination are NTF and past 
leaks in pipelines extending between the Building 3019 area and NTF. 

Piezometer 584. This piezometer is situated near several waste transfer pipelines that 
are parallel to Central Avenue. Contamination at this location was identified on the basis of 
CSL results only; no samples were sent for laboratory analysis (see Appendix B for CSL 
results). High gross beta values in samples from this piezometer are probably related to 
historical leaks in the inactive pipelines. 

Central 2000 area. Groundwater in the area near the 2000 block, west of STF, is 
contaminated with tritium, strontium-90, radium-228, and technetium-99. Possible sources 
may include past leaks in pipelines or contaminated pipeline trenches, which may be acting 
as a pathway for radio nuclides from other areas inside WAG 1. 

Impoundment area. Impoundment area groundwater contains elevated concentrations of 
tritium, strontium-90, uranium-234, and radium-228. As most of the tritium and all the 
promethium is found in samples from wells directly downgradient of impoundment 3524, that 
impoundment is the most likely source in the area. Strontium-90, uranium-234, and radium-
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228 are more widespread and probably were derived from more than one impoundment. See 
Appendix C, Sect. C7 for discussion on uncertainties related to promethium-147. 

Thorium tank/ann. Piezometer 601 contains elevated concentrations of strontium-90 and 
radium-228. 

SWSA 1. Groundwater in the area directly north and downgradient of SWSA 1 contains 
elevated concentrations of strontium-90 and radium-228 and very low levels of plutonium-
238/239/240 (piezometer 571). Although it is not shown on Fig. 4.3.25, groundwater, 
surface water, and soil in this area also contained elevated concentrations of cesium-137. 
SWSA 1 and/or an inactive LLLW pipeline is the most likely source of this contamination, 
as indicated by the proximity of SWSA 1 to the contaminated areas. 

Piezometer 593. This piezometer, located south of Central Avenue and southeast of the 
STF, contains elevated technetium-99 and slightly elevated thorium-228/230/232 and detected 
americium-241. The source is unknown, but there are many inactive and active pipelines are 
in this area, especially along Central Avenue. 

Corehole CH07A. Corehole CH07A contains low levels of promethium-147. This 
contamination may have originated from the Building 3019 area (which is on a groundwater 
divide between First Creek and Fifth Creek and is now strata-bound in Unit D). Unit D 
contains numerous solution cavities that may provide groundwater transport pathways in the 
direction of geologic strike (see Sect. 3.2). A second possibility is that the contamination 
originated in the northwest part of the 2000 area. The presence of promethium-147 is 
suspect, as discussed in Sect. C7 of Appendix C, in addition to the fact that it is a relatively 
short-lived (T112 = 2.64 years) fission product and relatively immobile. 

Piezometer 533. This piezometer, located west of the WAG boundary, contains elevated 
concentrations of uranium-234. The contamination may have been derived from WAG 1 or 
from WAG 3, located west of WAG 1. 

Well 806. Concentrations of strontium-90 were found to exceed MCLs at this location. 
The well is located in the major groundwater and surface water exit pathway from WAG 1; 
thus, the source is likely within WAG 1 or the numerous outfalls that mayor may not be 
within the WAG 1 boundary but are related to ORNL plant activities. 

VOC contamination. The pattern of VOC distribution found in the high base flow 
samples is similar to that observed during low base flow. No additional compounds were 
detected in the high base samples compared with those present in low base samples. 1,2-
Dichloroethene was the most frequently detected VOC in samples from both events. 

A trend toward lower concentrations with time was observed for selected constituents. 
This is most obvious in piezometers 543 and 553, where summed VOC concentrations 
decreased from 215 to 68 p.g/L and 530 to 164 p.g/L, respectively. Little change in total 
VOC content was detected in piezometer 598 (211 to 188 p.g/L), which had the third highest 
summed VOC concentration detected during low base sampling. 
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No VOCs were detected in high base samples in several wells and piezometers that 
contained VOCs during the low base event; these are 533,536,545,566,587,611,618, 
622, 814, and 879 .. The majority of these wells and piezometers are located along the 
perimeter of or beyond the WAG 1 boundary. 

Only in wells 881 and 875, adjacent to the 3513 and 3524 surface impoundments, were 
VOCs (vinyl chloride and 1,2-dichloroethene) detected in high base samples and not in low 
base samples. In contrast, vinyl chloride was detected in low base samples from wells 885, 
1103, and 1100 (which are also associated with the surface impoundments) but was not 
detected .in these wells during high base flow. 

High base flow storm event results are presented on Fig. 4.3.16. There appears to be 
no difference between VOC occurrence or concentration during storm and nonstorm high 
base flow conditions. Summed VOC concentrations and constituents detected are similar to 
those detected in the high base (nonstorm) samples (see Table 4.3.12). Two compounds 
(methylene chloride and chloroform) were detected in the high base storm samples in 
piezometers 566 and 596 but were not present in earlier sampling events. Because these 
compounds were reported as estimated concentrations below the CRQL and they are common 
laboratory contaminants, their presence in the samples may not be indicative of groundwater 
contamination. 

Benzene, toluene, and xylene are also present at several locations at WAG 1. Their 
highest concentrations are associated with piezometer 553, located next to the former site of 
a diesel fuel tank. 

VOCS in ReRA perimeter wells. VOCs were detected primarily in the northwestern and 
southern portions of the WAG 1 perimeter. Among the chlorinated VOCs, TCE and 
chloroform were detected in the northwestern portion of WAG 1; vinyl chloride was 
observed only in the southeastern portion. All three constituents were detected in multiple 
sampling rounds, and concentrations generally increased between the 1989 and 1990 sampling 
events. The absence of these chlorinated VOCs during high base conditions is probably the 
result of dilution associated with the greater flux of groundwater beneath the site. 

Benzene was detected in scattered locations and in only one sampling round in each well 
(June 1989 or September 1990). This pattern of scattered, infrequent occurrence suggests 
that benzene is an occasional and transient contaminant, most likely related to infiltration of 
contaminated runoff from roadways, parking lots, and other areas associated with vehicular 
traffic. 

The VOC data for these wells indicate minor contamination in localized areas in the 
northwest and southeastern portions of the WAG. The contamination detected in the 
southeastern portion is probably discharging into WOC; because the contaminant (vinyl 
chloride) is highly volatile, the resulting impact on surface water quality is likely to be 
negligible. This interpretation is supported by surface water sampling results from stations 
SW-5 and SW-6, at which vinyl chloride was not detected. 
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TeE and degradation products. The most widespread organic compounds found in 
groundwater at WAG 1 are TCE and its degradation products 1,2-DCE and vinyl chloride. 
Figure 4.3.23 shows the distribution of these contaminants; In general, they are widely 
scattered throughout the WAG. The highest concentration of TCE was found in a sample 
from piezometer 598; this TCE probably originated at a source within the isotope area. It is 
noteworthy that in areas downgradient (south and west) of piezometer 598, TCE 
concentrations decrease relative to the concentrations of 1,2-DCE and vinyl chloride. The 
occurrence of degradation products of TCE downgradient of a potential source area suggests 
the possibility that the contaminants in areas south and west of STF were derived from the 
same source as the TCE in piezometer 598. It is also possible that other sources exist near 
STF that have released TCE or its degradation products into the groundwater. 

TCE and related VOCs were also found in the impoundment area. One well in this area 
contained TCE, and several wells contained 1 ,2-DCE and vinyl chloride. This contamination 
was probably released from the impoundments. 

There is also a widely scattered area contaminated with TCE and its degradation 
products located in an east-west-trending band in the northern part of the WAG. This area 
extends from the vicinity of Building 3042 westward almost to First Creek. Several locations 
in this area contained elevated concentrations of TCE; the highest concentration was found 
in corehole CHOO7. The source of this contamination is not known, but there may have been 
one or more sources associated with Buildings 3019 and 3042. It is possible that 
contamination is strata-bound within Unit D and that it is migrating along bedrock strike. 

BNAEs in RCRA perimeter wells. BNAE compounds were widely detected in the 
WAG 1 perimeter wells; the highest concentrations were in the wells along the 
western/southwestern and northwestern perimeter. In most wells, semivolatiles were detected 
during low base conditions and were not detected on more than one occasion. The episodic 
presence and generally low concentrations reported for these compounds suggest that 
semivolatile organic contaminants have a minor impact on groundwater quality in the vicinity 
of the perimeter wells and that off-WAG migration of these contaminants should not be a 
significant concern. 

Metals. Silver, cadmium, chromium, and lead were detected in unfiltered samples at 
concentrations exceeding MCLs in groundwater samples taken in and adjacent to WAG 1. 
Cadmium, chromium, and lead, in excess of their respective MCLs, tend to occur in the 
same welIs. Cadmium exceeded the MCL at the largest number of locations, followed by 
chromium, silver, and lead. 

Metal concentrations were generally higher in samples colIected during the low base 
event than those collected during high base. No appreciable differences between the 
concentrations detected in the high base and high base storm event samples were noted. In 
filtered samples, two results for cadmium exceeded the MCL; no other filtered results 
exceeded MCLs. 

Concentrations of certain metals (e.g., aluminum, iron, potassium) vary widely in 
samples obtained from wells and piezometers within WAG 1 but only within a very narrow 
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range in the reference location samples. This difference may be due to contrasts in the 
geochemistry of the stratigraphic units between the reference well and WAG 1 well locations. 
Presently, the reference groundwater network for WAG 1 consists of two locations at which 
two rounds of sampling have been conducted and three locations at which one round of 
sampling has been completed. An expanded reference well network would be needed to 
support a more definitive interpretation of metals contamination in WAG 1 groundwater. 

Metals in RCRA perimeter wells. With the exception of arsenic, concentrations of 
metals have generally declined over the period of record. Off-WAG migration is a potential 
concern in the southwestern comer of the WAG, where arsenic contamination above the 
MCL was detected in wells 807 and 809; the most likely mechanism for this migration in this 
area is via discharge into WOC. 

4.4 SOILS 

Samples for the characterization of WAG 1 soils were obtained from 286 soil borings 
completed during the Phase I investigation; the locations of these borings are shown on 
Plate I. All but 10 of these borings are located within the WAG boundary. Three of the 10 
outside borings were drilled to investigate the waste pile area near SWSA 1; 4 were drilled 
adjacent to the northwest comer of the WAG; and 3 were completed in WOC floodplain soils 
south of Building 45OOS. Fifty of the 276 on-site borings are in the floodplain of WOC and 

( 

First Creek. Analytical results associated with these soil borings are discussed in Sects. ( 
4.4.2 through 4.4.4. Results of the previous ORNL investigations are summarized in 
Sect. 4.4.1. 

4.4.1 Previous Studies 

Previous soil investigations conducted in the WAG 1 area were in response to waste line 
leaks, spills, or potential contamination associated with stack emissions or leakage from 
surface impoundments. A contamination assessment was also completed as part of a site 
suitability study for a new laboratory facility. The majority of these earlier investigations 
focused on radiological contamination in the soil. 

The analytical component of these earlier investigations was generally limited to 
approximate estimations of alpha and beta activities. In some cases, a much broader 
spectrum of data was generated; for example, soil samples collected from NTF, the thorium 
tank farms, and tank WC-1 in the isotope area were analyzed by Huang et aI. (1984a) for 
major radionuclide constituents of concern, including strontium-90, cesium-137, cobalt-60, 
and additional alpha- and beta-emitting radionuclides. Chemical analyses were also 
conducted, but on a more limited scale. Soils also have been sampled as part of the annual 
ORR environmental surveillance program, although no WAG 1-specific activities have 
occurred. 

The first WAG 1-specific soil investigation for contaminants was conducted in 1976 near 
SWSA 2 to determine radioactivity levels near the foundation of the proposed Energy 
Systems Research Laboratory (Oakes and Shank 1977). Twenty-five borings were drilled, 
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ranging in depth from 4 to 9 ft, and the soil samples were analyzed for alpha-, beta-, and 
gamma-emitters. Water taken from the borings was analyzed to determine tritium, gross 
alpha, and gross beta levels. Concentrations in many of the samples ranged from below 
detection limits to slightly above background values for eastern and central Tennessee (Oakes 
and Shank 1977). 

Soil contamination studies conducted in response to leaks, spills, and stack emissions 
include Oakes (1983a,b and 1985), Grimsby (1986), and Williams et al. (1987). In the 
Oakes (1983a) study, mercury concentrations in soil at Buildings 3503, 3592, and 4501 were 
examined through EPA's RCRA extraction procedure (EP) toxicity test method; results 
ranged from 0.8 to 320 ppm. Oakes also performed sampling to a depth of 40 ft in other 
WAG 1 areas and completed analyses for radioactive constituents such as gross alpha, gross 
beta, strontium-90, cesium-137, and cobalt-60. Activities for these constituents varied widely 
between locations, ranging from below detection limits at several locations to 467,619 pCi/g 
gross beta in the 3028/3047 area. 

Grimsby (1986) presented analytical results from soil samples collected near the base of 
the 3019 stack in August 1985. Relatively higher levels of radioactivity were encountered 
in these samples, as evidenced by the maximum reported results for gross alpha (4595 
pCi/g), gross beta (11,082 pCi/g), plutonium-238 (32.4 pCi/g), plutonium-239 (541 pCi/g)" 
americium-241 (97.3 pCi/g), curium-244 (865 pCi/g), cesium-137 (17,029 pCi/g), and 
cobalt-60 (37.8 pCi/g). Williams, Clark, and Crutcher (1987) collected 69 surface and 
subsurface soil samples around the 3503 storage pad and analyzed them for an extensive list 
of radionuclides; EP toxicity tests were also performed on 7 of the samples. All 
concentrations were below detection limits. 

Soils adj acent to inactive underground storage tanks at NTF and the thorium tank farms 
and above-ground tanks WC-l, WC-15, and WC-17 were investigated by Huang et al. 
(1984a). Samples from most tank locations were analyzed for cobalt-60, cesium-137, and 
strontium-90; soils from the vicinity of tanks WC-15 and WC-17 were also analyzed for 
other beta- and gamma-emitters. The results indicate that some of the tanks (or associated 
piping) have released radioactive contents into the surrounding soils. The highest activities 
for the primary radioactive constituents were detected in samples from NTF, near tanks W-l 
through W-4, W-13, and W-14 (18,921 pCi/g cobalt-60; 459,510 pCi/g cesium-137; and 
67,575 pCi/g strontium-90). Autrey (1989) collected soil samples around tanks WC-l and 
WC-15; cobalt-60, cesium-137, potassium-40, gross alpha, and gross beta were .the 
constituents of concern. 

Huang et al. (1984b) investigated the soils around the 3513 impoundment. Both shallow 
and deep core samples were collected around the perimeter and analyzed for a variety of 
radionuclides. Cesium-137 and strontium-90 were consistently detected; maximum activities 
were 108,120 and 14,596 pCi/g, respectively. It was reported that the high activities may 
have been influenced by a ruptured LLLW pipeline that had been repaired just prior to ~ 
sampling event. Thirty impoundment soil samples were also collected during a study 
conducted by Uziel et al. (1989). Results were reported for gross alpha, gross beta, cobalt-
60, potassium-40, and isotopes of uranium, plutonium, cesium, and europium. The highest 
gross alpha and gross beta measurements were 240 and 2500 pCi/g, respectively. All of the 
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samples contained cesium-137; the maximum activity detected was 13,000 pCilg. Cobalt-60 ( 
was found at up to 20 pCilg in the samples. Additional results are presented in Table 4.4.1. 

4.4.2 Radiation Survey and Relationship to Soil Contamination 

A surface radiation survey of WAG 1 was performed in two phases during 1990 and 
1991. Using USRADS, two radiation detection systems concurrently measured radiation 
fields. The first method was an Na1(TI) detection system, that measured near-surface gamma 
radiation fields. The second method was an Ionization chamber system positioned at a set 
distance above the ground (approximately 3 ft); this system measured direct exposure rates 
of the gamma radiation field. The USRADS methodology and a description of the walkover 
survey are explained in greater detail in Sect. 2.3 of this document. After validation, the 
digital data were gridded into intervals of 2 ft x 2 ft to allow efficient processing. Contour 
maps were generated from this gridded data set for each type of radiation measurement. 
Figure 4.4.1 presents the contoured results of the radiation field measurements, expressed 
as cpm; Fig. 4.4.2 presents the contoured results of the exposure rate measurements, 
expressed as pRIh. 

As shown in Fig. 4.4.1, the radiation field ranged from less than 10,000 cpm to greater 
than 250,000 cpm. The highest levels were recorded at STF and the vicinity of Building 
3515 and tank W-11. The WOC floodplain also exhibited elevated levels, ranging from 
25,000 to greater than 250,000 cpm. Radiation levels at NTF ranged from approximately 
50,000 to greater than 100,000 cpm. Other zones of elevated radiation levels were in the 
vicinity of the 3513/3524 surface impoundments, an area south of Building 3597, an area 
southeast of Building 3587, and several sections of the isotope area near Buildings 3029 and 
3038. These zones exhibited readings from approximately 75,000 to greater than 
100,000 cpm. 

In most cases, the areas shown in Fig. 4.4.1 that exhibited elevated radiation fields also 
exhibited elevated exposure rate measurements. As shown in Fig. 4.4.2, exposure rates 
ranged from below 50 pRIh to greater than 2500 pRIh. Figure 4.4.2 shows 13 areas that 
exhibited exposure rates greater than or equal to 100 pRIh: 

• 
• 
• 
• 
• 
• 
• 
• 

• 
• 
• 
• 
• 

reactor heat exchanger area near Building 3087, 
an area between Buildings 3019 and 3074, 
Building 3012/3112 area, 
isotope area, 
NTF, 
STF, 
radioactive waste evaporator and evaporator sump area (Building 2531 and vicinity), 
Fission Product Development Laboratory (Building 3517) and Metal Recovery Facility 
(Building 3505), 
area south of the high radiation examination lab (Building 3525), 
tank farm southeast of Building 3587, 
area south of Building 3597, 
3513/3524 surface impoundments, and 
WOC floodplain area. 

R:IWAOISCSIFOUR 



4-49 

The highest exposure rate levels were measured in STF and the vicinity of tank W-ll 
(see Fig. 3.5.5); exposure rates ranged from approximately 50 to greater than 2500 /LRIh. 
The area southeast of Building 3587 exhibited rates between approximately 50 and greater 
than 500 /LRIh; exposure rates in the area south of Building 3597 ranged from approximately 
50 to greater than 1000 /LRIh. The WOC floodplain exhibited rates ranging from 
approximately 50 to greater than 1000 /LRIh. 

An area south of Building 3525 exhibited exposure rates ranging from approximately 50 
to 1000 /LRIh; however, this area did not exhibit elevated radiation field measurements (see 
Fig. 4.2 . .2). 

The USRADS data cannot be interpreted as a direct indication of the extent of 
radiologically contaminated soils at WAG 1. Both measurement systems are omnidirectional 
and do not differentiate beta/gamma radiation emitted by radionuclide contaminants in soils 
from radiation emitted by surrounding structures (e.g., radiologically contaminated piping, 
tanks, buildings) or cosmic rays. Radiation from such sources, many of which may be 
above-ground, is referred to in this report as ·shine.· 

To determine whether the elevated exposure rates identified for the 13 areas described 
earlier are caused by radiation from contaminated soil or shine, it was first necessary to 
model the exposure rates emitted by an idealized layer of contaminated soil. Cesium-137 and 
its daughter barium-137m were used in this model because cesium-137 was known to be a 
major radionuclide present in contaminated soils. The concentrations of cesium-137 detected 
in soil samples collected during the Phase I Investigation were then used in this model to 
estimate the potential exposure rates that could be attributed to contaminated soils in these 
13 areas. These results were then compared with the exposure rates measured in the 
USRADS survey to estimate whether the rates were attributable to contaminated soils or 
shine from other sources. 

The radiation emitted by radionuclide contaminants in an idealized layer of soil was 
modeled using a gamma-shielding code named MICROSHIELD, developed by Grove 
Engineering Co. This model assumes a homogeneous and uniform infinite slab source 
approximately 1 ft thick with no clean soil above the contaminated soil zone. A density of 
1.5 g/cm3 and a shielding property of concrete was assumed for the contaminated soil. The 
radionuclide contaminant in the soil creating the gamma radiation field above the surface of 
the soil was assumed to be cesium-137 and its daughter barium-137m. The source strength 
was assumed to be 1 pCilg of soil. Properties of the soil medium were used for gamma 
buildup factor calculations. The exposure location (receiver) was taken to be approximately 
3 ft above the surface of the contaminated soil. A sensitivity analysis for the source region 
thickness revealed that the difference in exposure rate was insignificant below a depth of 1 ft 
due to the self-shielding properties of the soil layer. Therefore, for comparison of the 
estimated values predicted by the model with the USRADS Instrument readings, only the 
concentrations of the radionuclides in the first sampling interval were considered. The 
predicted exposure rate from this model for this layer of soil contamination resulting from 
1 pCi/g of cesium-137Ibarium-137m was estimated to be 7.71 x 1O.I /LRIh. 
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The ranges of exposure rates within the 13 areas were compared with the modeled ( 
predictions using the concentrations of cesium-137 detected in soil samples collected within 
these areas. The results of these comparisons are summarized in Table 4.4.2. 

A comparison within one order of magnitude is considered to be an indication that the 
exposure rates measured in the USRADS survey were most likely attributable to 
contaminated soils. A more precise comparison was not considered to be supported by the 
assumptions used in the model. A difference of more than one order of magnitude is 
probably an indication of the presence of shine during the survey from sources other than 
contaminated soils (e.g., contaminated above- and below-ground tanks, tank risers, 
contaminated buildings, exposed piping, contaminated equipment, or cosmic radiation). It is 
also possible that the radiation detected in the USRADS measurements was caused by 
localized, highly contaminated soil that was not sampled. 

Beyond those attributable to soil contamination, areas 2, 3, 8, 9, 10, and 11 appear to 
exhibit elevated exposure rates due to shine from the surrounding environment. Areas in 
which the USRADS measurements appear to be attributable to soil contamination are areas 
4, 5, 12, and 13. No soil sampling data were available from areas 1 and 7 to make a 
comparison; area 7 is paved. 

This analysis supports the use of USRADS measurements to delineate areas of 
contaminated soils, but only where the contribution of shine from other sources is 
understood. For example, using the exposure rate data shown in Fig. 4.4.2, an 
approximation of the distribution of cesium-137 in the surficial soils of WOC floodplain can 
be formed. 

4.4.3 Nature and Extent of Radiological Contamination in Soil 

This section presents findings regarding the nature and extent of radiological 
contamination in WAG 1 soils as determined from the Phase I soil investigation and previous 
studies. The discussion is organized by type of principal decay process. Results of analyses 
for gross alpha and radio nuclides that decay principally through alpha particle emission are 
presented in Sect. 4.4.3.1; results for gross beta and radionuclides that decay principally 
through beta particle or gamma ray emission are presented in Sect. 4.4.3.2. The data are 
summarized in Table 4.4.3. 

Separate delineation of the nature and extent of alpha- and beta-contaminated soils is 
useful for several reasons. First, radionuclides that decay through alpha emission have, 
predominantly, very long decay half-lives (e.g., plutonium isotopes). Documenting the 
nature and extent of soils contaminated with such isotopes is relevant to evaluation of 
remedial action alternatives. Second, potential exposure to certain airborne alpha-decay 
isotopes is a particular concern. When these isotopes are present in surficial soils, where 
they might be mobilized by wind, runoff, or direct contact by site workers, interim remedial 
actions or administrative controls that limit release or exposure potential are routinely 
considered. 
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An assessment was also made regarding whether isotopes are present in the soil matrix 
in secular equilibrium. Isotopes and their daughters have well-defined decay patterns and 
ratios. Many isotopes, such as uranium-234, are both naturally occurring and man-made. 
Thus parent/daughter ratios can be used to assess whether such isotopes are present in 
expected natural decay patterns, or whether they have been released from a man-made source 
enriched in these isotopes. 

The soils discussion is further subdivided by geographic areas: 

• NTF, 
• STF, 
• SWSA 1 and vicinity, 
• impoundments, 
• Building 3019 area, 
• - isotope area, 
• Building 3503/3504 area, 
• miscellaneous leaks (additional locations), and 
• floodplain soils. 

4.4.3.1 Alpha-emitting radionuclides 

Alpha-emitting radionuclide contamination is defined in this section as any activity 
exceeding the maximum detected reference activity (see Sect. 4.2.4.2 for soil reference 
results). For gross alpha, the maximum detected reference activity was 56 pCifg. 

Naturally occurring alpha-emitting radionuclides detected at WAG 1 include those from 
the thorium series [thorium-232, thorium-228, radium-224, and bismuth-212 (which emits 
both alpha and beta particles)]; the uranium series (uranium-238, uranium-234, thorium-230, 
and radium-226); and the actinium series (uranium-235 and bismuth 211). Man-made alpha­
emitters detected include americium-241, plutonium-238, and plutonium-239f240. 

In some instances, isotopic analyses for alpha-emitting radionuclides did not account for 
the reported gross alpha activities. This is particularly the case with low levels of 
contamination, where the limitations of the measurement processes and the random nature 
of radioactive decay cause difficulty in comparing isotopic and gross measurements. The 
presence of additional isotopes of plutonium, americium, curium, or other alpha-emitting 
radio nuclides might also account for discrepancies with gross alpha results. 

The distribution of gross alpha activities across WAG 1 is shown in Fig. 4.4.3. Figures 
4.4.4 through 4.4.6 present specific results for gross alpha and alpha-emitting radionuclides 
from selected borings in WAG 1. The depth at which the maximum concentration was 
detected in each borehole is also presented. 

Gross-alpha-contaminated soil was encountered in the central portion of WAG 1; 
suspected sources of the contamination are releases associated with the 3019 area complex 
of buildings and facilities (1959 hot cell explosion, historical pipeline leaks, 3019 stack), 
NTF, and STF. Scattered occurrences were encountered during investigations of suspected 
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mercury contamination and other minor operations at WAG 1. Other than thorium and 
radium, alpha-emitting radionuclides detected in excess of reference levels include 
americium-241, plutonium-238/239/240, and uranium-234/235/238. 

Building 3019 area. In 1959, a tank within a shielded hot cell in Building 3019 
exploded, resulting in the release of plutonium-239 to the environment. The area near 
Building 3019 has also been impacted by a release of condensation fluid from the stack on 
the north side of the building and past releases associated with an LLLW pipeline leak (the 
pipeline served Buildings 3074 and 3020). Previous soil samples in this area were 
determined to have elevated levels of gross alpha, gross beta, plutonium-239, americium-241, 
curium-244, cesium-137, and cobalt-60. Soil samples collected during Phase I confirmed 
alpha concentrations in excess of reference values (see Fig. 4.4.3). Maximum gross alpha 
activity detected in this area (and in WAG 1) was 3105±696 pCi/g from boring 01.SB130 
at a depth of 10 to 12 ft. Plutonium-23812391240 and americium-241 were detected above 
reference levels. The maximum activity of americium-241 was 71.1 ±4.2 pCl/g in the 4- to 
6-ft sample from boring 01.SBI26. The maximum activity of plutonium-238 in the area was 
721±73 pCl/g in the 4- to 6-ft sample from boring 01.SB132. The maximum activity 
(41±6.6 pCi/g) of plutonium-239/240 was found the 0- to 2-ft sample from boring 
01.SB244. Areas with elevated plutonium activities include the 3019 area north of the 
building and areas adjacent to the northern and southwestern parts of the building. Gross 
alpha concentrations elevated above reference values tend to persist below the interval where 
the highest activity was detected, which indicates mobility of some alpha-emitting 
radionuclides within the soil profile. 

North Tank Farm. Three locations at NTF contained intervals of soil in which gross 
alpha activity exceeded reference (see Fig. 4.4.4). The highest gross alpha activity at NTF 
was 62,500±12,500 pCl/g, measured in the 15- to 17-ft sample from boring 01.SB026. 
Typically, radium-224/226 and thorium-228/2301232 isotopes were at or near reference 
values. The highest thorium-228 activity (7.87±1.04 pCl/g) was detected at 01.SB026 but 
is below reference (19.9±2.7). The maximum activity ofuranium-234 at WAG 1 (591 ±115 
pCi/g) was detected in the 15- to 17-ft sample from 01.SB026. Although gross alpha did not 
exceed reference levels at locations 01.SB032 and 01.SB033, uranium-2381234 were detected 
at activities exceeding reference. The uranium-238/234 activity ratios in samples from NTF 
are less than 1, ranging from 0.01 to 0.16. Activity ratios of less than 1 for uranium-
238/234 indicate enrichment of uranium-234 at these locations, suggesting releases of 
enriched uranium-234 from former plant operations. Americium-241 'was detected at 
5.7 ±1.15 pCl/g (01.SB025). Plutonium-235 was identified in samples from one location 
directly north of the tank farm (4.13±0.78 pCi/g in the 4- to 6-ft sample from boring 
01.SB221). No other transuranic radionuclides were included in the isotopic analyses; 
therefore, much of the gross alpha content was not accounted for with the given analyses. 
Alpha activities exceeding background in the NTF area were not encountered until at least 
15 ft below the surface, possibly correlating with the bottoms of the tanks or fluid levels 
within the tanks. 

South Tank Farm. Soil samples from borings at STF and nearby tank locations (see 
Fig. 4.4.5) contained gross alpha, americium-241, plutonium-238, and plutonium-2391240 
at activities exceeding background. The highest gross alpha activity in this area, 606±135 
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pCi/g, was detected in the 0- to 4-ft interval sampled from boring 01.SB020. Plutonium was 
detected in the same sample: plutonium-238 at 41.7±6.7 pCilg and plutonium 2391240 at 
29.4±4.7 pCilg. Analyses for plutonium were not conducted on other STF samples. 
Arnericium-241 was detected at four locations, with a maximum activity (for STF and for 
WAG 1) of 171±14 pCilg in the 2- to 40ft duplicate sample from soil boring 01.SB213, 
which is a pipeline boring in the southeastern portion of STF. The regular sample from this 
interval contained 49 ±6.6 pCilg of americium-241; this discrepancy between the regular and 
duplicate samples is outside of prescribed control limits (see Appendix C). This same 
duplicate sample also contained 206±30 pCilg plutonium-2391240 and 3.02± 1.46 pCi/g 
plutonium-238 (the regular sample contained 104±23 pCi/g plutonium-2391240 and 
3.oo±2.23 pCilg plutonium-238). The maximum activities for uranium-238 and -234 were 
detected in 01.SB038: 54.08±7.63 pCilg uranium-234 and 49.93±7.08 pCilg uranium-238. 
In contrast to NTF, where activities of uranium-234 exceeded those of uranium-238, 
uranium-238 was more abundant in one of the STF samples (01.SBI97) and approximately 
equal to uranium-234. 

A contrast regarding the vertical distribution of alpha contamination at NTF and STF is 
apparent. Alpha contamination was not encountered within the first 15 ft at NTF, but it was 
detected in samples collected within the first 2 ft at STF. The shallow contamination at STF 
could have originated from past releases from the shallow pipelines that feed the tanks or 
from surface spills. 

Surface impoundments. Soil borings in the vicinity of surface impoundments 3513 and 
3524 encountered only limited alpha contamination (Fig. 4.4.5). Borings 01.SB189 and 
01.SBI02 encountered gross alpha activities of216±55 pCi/g from the 2- to 4-ft interval and 
296± 79 pCi/g from 6 to 7.5 ft. No other borings in the vicinity encountered gross alpha 
activities exceeding background. The majority of the alpha activity found in 01.SBI02 was 
uranium-238 and uranium-234 at concentrations of 141±18 and 19.2±2.7 pCilg, 
respectively. 

Buildings 3503 and 3504 and thorium tank farm. Borings 01.SB206 and 01.SB207 
were sampled to investigate the storage pad at Buildings 3503 and 3504. Gross alpha 
activities exceeding background were encountered; however, not all of the isotopes were 
identified. Soil borings 01.SBI73, 01.SBI74, 01.SBI75, and 01.SB176 were sampled for 
suspected mercury contamination in the vicinity of Buildings 3503 and 3592. The second 
highest gross alpha activity detected at WAG 1 (2839±639 pCilg) was encountered at 2 to 
3.3 ft in 01.SBI74. Isotopes contributing to the high alpha were identified as uranium-238 
(4260±976 pCi/g) and uranitim-234 (514± 124 pCi/g). The highest plutonium-238 
concentration observed in the Building 3503 and 3504 area was at 01.SB206 from 0 to 1.3 ft. 

Additional locations. Additional locations at which gross alpha activities exceeded 
reference include 01.SBI60 (on Central Avenue on the eastern portion of WAG 1), sampled 
to investigate a potential pipeline leak; 01.SB258 (on the northwest corner of Building 3001), 
sampled to investigate contamination in the vicinity of the Graphite Reactor Building; and 
01.SB140 (in the northeast portion of WAG 1), sampled to investigate a tank rupture. The 
gross alpha activities in these borings ranged from 54.7±24.3 to 386±99 pCi/g. No 
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additional isotopic analyses were conducted that would Identify the alpha-emitting constituents ( 
responsible for the gross alpha activity. 

Sampling point 01.SB095, selected based on USRADS information and located at the 
southern end of Third Street near wac, contained elevated gross alpha in addition to 
americlum-241, plutonium-238, and plutonlum-239!240, in the 0- to 1-ft interval. The ratio 
of uranium-238 to uranium-234 in this interval was 0.16. Samples from 01.SB063 and 
01.SB064 had plutonium-239!240 at 8.91±1.41 and 5.33±1.21 pCi/g, respectively (Fig. 
4.4.6). Both of these sampling points were also selected based on USRADS information and 
are located northwest of SWSA 1. Gross alpha results did not exceed background at these 
locations. The fourth highest WAG 1 plutonium-239/240 activity of 70.2±15.1 pCi/g was 
detected at USRADS sampling location 01.SB106, near the western perimeter of WAG 1 and 
First Creek (Fig. 4.4.6). The sixth highest plutonium-239!240 activity of 44.5 ± 10.6 pCi/g 
was measured at 01.SB112, which was drilled to Investigate the 3524 impoundment. 

Soil borings 01.SB177 and 01.SB179, south of Building 4501, contained soil with 
slightly elevated gross alpha (see Fig. 4.4.5). 

As shown in Fig. 4.4.6, all gross alpha activity at SWSA 1 and vicinity was below 
reference values, although plutonium-239/240 was detected at 8.91±1.4 pCi/g at 01.SB063. 

Concentrations of alpha emitters were not evident in the isotope area, as shown on 
Fig. 4.4.4. 

Floodplain soils. Table 4.4.4 is a summary of the activity detected in wac and First 
Creek floodplain soils. Results for samples from the wac and First Creek floodplains 
have been highlighted because these soils are more susceptible than others to off­
WAG release (through erosion/transport by surface water). 

The presence of either gross alpha or naturally occurring and man-made alpha-emitting 
radionuclides above reference levels (56 pCi/g) was limited to samples obtained from wac 
floodplain transects; none of the samples from First Creek floodplain soils contained alpha­
related activity above the reference value. Within the floodplain soils of wac, activities 
greater than reference were detected only in samples from locations downstream 
(west/southwest) of transect WOC4, which is opposite the southwest corner of the 3513 
impoundment. Within the soil samples obtained from transects WOC5-WOC9, the highest 
alpha activities were typically associated with samples from the WOC5 and WOC6 transects 
as well as selected locations within the G-grid near the mouth of First Creek. The maximum 
activities for the floodplain soils were associated with samples from relatively shallow depths 
« 4 ft); however, the vertical extent of sampling did not extend beyond this depth in most 
of the borings. 

Gross alpha activities above the reference level in the floodplain soils of wac ranged 
from 57.3±16.9 pCi/g in the 0- to 2-ft sample from 01.WOC94 to 166±45 pCi/g in the 2-
to 4-ft sample from 01. WOC63 (see Fig. 4.4.3). Location 01. WOC51 was sampled in both 
February and August 1990, and an increase was reported in the later sample (74.5 ±20.8 to 
120±28 pCi/g); an increase was also noted for the individual alpha-emitting isotopes. 
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Interpretations regarding changes in gross alpha activity with depth were not possible given 
the limited number of locations with sampling below 4 ft. 

Gross alpha activities in the floodplain soils of First Creek ranged from 10.8±7.6 to 
46.7±14.7 pCi/g (see Fig. 4.4.3). All of these results are below the gross alpha reference 
value for WAG 1 soils. Similar to the trend observed in soil samples from elsewhere on 
WAG I, the isotopic analyses for the alpha-emitting radionuclides rarely accounted for the 
gross alpha concentrations reported for the samples. As previously stated, the difference is 
likely attributable to comparing relatively low levels of contamination. 

Numerous naturally occurring alpha-emitters were detected in the floodplain soils of 
wac; these constituents include elements of the uranium-238 series [uranium-238, uranium-
234, thorium-230, radium-226, and bismuth-214 (which emits both alpha and beta particles)], 
the thorium series [thorium-232, thorium-228, radium-224, and bismuth-212 (also an alpha­
and beta-emitter)]; and one member of the actinium series (uranium-235). Man-made alpha­
emitters detected in wac floodplain soils include the transuranics americium-241, plutonium-
238, and plutonium 239/240. Most of these constituents were detected at an activity level 
below or approximately equal (considering the error) to the reference levels for WAG 1 soils. 
The only naturally occurring alpha-emitting radio nuclides that exceeded reference levels were 
uranium-234 and uranium-238. A maximum uranium-234 concentration of 16.4 pCi/g was 
found at location WOC64. No other floodplain soils contained uranium-234 or uranium-238 
concentrations over 3.8 pCi/g. 

The maximum activities for uranium-234 and thorium-228 in the floodplain soils were 
detected in the 2- to 4-ft sample from location 01. WOC63; the maximum for uranium-238 
was detected In the 2- to 4-ft sample from 01. WOCG6. Uranium-2341238 activities exceeded 
reference values in samples from the upstream location (WaC-I) and in samples from 
transects WOC-4, WOC-5, WOC-6, and WOC-9. Some samples collected near the 
confluence of wac and First Creek also exceeded the reference value. 

Floodplain soils from First Creek contained selected isotopes of the uranium series 
(thorium-234 and radium-226) and thorium series (radium-228 and radium-224) in activities 
either below or approximately equal to the soil reference levels for these constituents. 
Uranium was not detected in any of the First Creek floodplain soil samples. The presence 
of thorium-234 (half-life of 24 days) but not uranium-238 or uranium-234 in samples 
collected from the FCI and FC3 transects suggests either analytical problems (i.e., that the 
thorium-234 results are spurious) or the presence of a source of thorium-234 in the southern 
portion of First Creek, which is considered to be unlikely. 

Among the man-made alpha-emitters, analyses were limited to the transuranics 
americium-241, plutonium-238, and plutonium-2391240. Americium-241 was analyzed for 
and detected at apparently elevated levels in 14 samples from wac floodplain soils. All 
occurrences of plutonium were in samples collected downstream of transect WOC-S. The 
highest activities for both plutonium isotopes were found In the 2- to 4-ft sample from 
location WOC63. The activities were 1.1 ±l pCi/g for plutonium-238 and 89.4±18.6 pCi/g 
for plutonium 2391240. Although reference levels for americium and plutonium were not 
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available, it is likely that activities above 1 to 2 pCi/g represent site-related contamination, 
based on the observed distribution of man-made radionuclides across WAG 1. 

The 0- to 2-ft sample from 01.WOC51 and the 2- to 4-ft sample from 01.WOC63 were 
associated with the highest detected activities for americium-241 in floodplain soils (20.8±3 
and 11.4±3.5 pCi/g, respectively). Americium was also reported for the 0- to 1.7-ft sample 
from 01.WOC61 (8.82±4.52 pCi/g), located on the opposite side ofWOC from 01.WOC63. 
The 01.WOC63 sample also yielded the only detection ofplutonium-238 (1.1±1 pCi/g) and 
a relatively significant detection of plutonium 239/240 (89.4±18.6 pCi/g). Plutonium-
239/240 was also detected in the 4- to 5-ft sample from 01.WOC72 (downstream of 
01.WOC63), but at a much lower activity (0.44±0.37 pCi/g). 

The only man-made alpha-emitter detected in First Creek floodplain soils was the 
transuranic americium-241 (0.134 pCi/g). The occurrence of this radionuclide was limited 
to a single sample from the FC13 sampling location. No reference level for americium was 
available. 

4.4.3.2 Beta-emitting radionuclides 

Figure 4.4.7 shows the distribution of gross beta activities across the WAG. The highest 
activities (maximum of 62,500 pCi/g) were found in samples from NTF and STF and in the 
vicinity of the impoundments. The maximum detected gross beta activity in reference soils 
was 34 pCi/g. Although promethium-147 was detected in many soil samples, these results ( 
are suspect because of the potential laboratory misidentification of this isotope. As discussed 
in Appendix C, promethium-147 and technetium-99 are difficult to distinguish in the 
laboratory, and it is likely that some of the activities reported as promethium-147 are actually 
attributable to technetium-99 (see Sect. 4.1 and Appendix C for details). 

North Tank Farm. Soil samples from NTF were found to contain the highest gross 
beta and strontium-90 activities detected on WAG 1. The distributions of maximum 
cesium-137, maximum cobalt-60, and maximum strontium activities detected above reference 
levels are presented in Figs. 4.4.8 through 4.4.10. The single detection of cesium-137 in 
NTF represented the maximum detected activity of cesium-137 on WAG 1 (outside of 
floodplain soils). Lead-212 and lead-214, as detected by gamma spectroscopy, were also 
found above reference levels in a limited number of samples. 

The maximum gross beta activity of 62,500± 12,500 pCi/g was measured in the 15- to 
17-ft sample from boring 01.SB026. Other occurrences of high gross beta were also 
associated with relatively deep soil samples: 23,200±4,600 pCi/g from 18 to 19 ft in 
01.SB029 and 21,100±4200 pCi/g from 18 to 20.5 ft in 01.SB032. All three of these 
samples also contained relatively high levels of strontium-90. The maximum strontium-90 
(both within NTF and WAG 1) was measured in the 15- to 17-ft sample from 01.SB026 
(35,300±3500 pCi/g); relatively high activities were also measured In 01.SB029 (8990±900 
pCi/g) and 01.SB032 (12,OOO±1200 pCi/g). In most samples, only 50% or less of the gross 
beta could be attributed to specific beta-emitting radionuclides. The principal beta-emitter 
identified during the investigation is strontium-90. 
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South Tank Farm. STF also yielded a large number of samples with beta-emitting 
constituents exceeding reference levels. Soil samples from STF contained the WAG 1 
maximum activities for europium-152 (274±18 pCi/g), europium-154 (171.7±15.1 pCi/g), 
technetium-99 (12.9±1.3 pCi/g), thorium-234 (34.1±6.4 pCi/g), and total strontium 
(47.2±5.3 pCi/g). Soil samples from STF also contained the second-highest WAG 1 gross 
beta (34,381 ±5159 pCi/g), cesium-137 (6213±360 pCi/g), and radium-228 (6.54±0.93 
pCi/g). Samples from soil borings 01.SB182 (0- to 2-ft interval) and 01.SB183 (2-to 4-ft 
interval), located adjacent to Building 3515 in the eastern portion of STF, contained elevated 
activities of calcium-45 iron-55, nickel-63, promethium-147, and technetium-99. The 
maximum detected activities for these two borings were as follows: calcium-45, 87.3±6.8 
pCi/g (01.SB183); iron-55, 66.7±50.7 pCi/g (01.SBI82); nickel-63, 33,01O±2369 pCi/g 
(01.SBI83); promethium-147, 2286±241 pCi/g (01.SBI83); technetium-99, 8±4.2 pCilg 
(01.SBI83). 

The 2- to 4-ft sample from 01.SB183 yielded the highest gross beta activity within STF; 
this sample also had elevated activities of cesium-137 (1389±81 pCi/g) and europium 
isotopes. The 2- to 4-ft sample from 01.SB213 contained the highest cesium-137 activity in 
the STF as well as elevated gross beta (4672±702 pCi/g) and total strontium (848±94 
pCi/g); however, activities for this sample are suspect because of inconsistencies between the 
regular and duplicate samples (see Appendix C, Sect. C6.3.3). The high europium activities 
were detected in the 0- to 4-ft sample from 01.SB020; this sample also contained the only 
occurrence in WAG 1 of yttrium-91 (543 ±486 pCilg) and the highest activity of 
zirconium-95 (18.4±4 pCi/g), both of which are suspect due to their short half-lives of 59 
and 65 days, respectively. A deeper sample from 01.SB020 (22 to 23.1 ft) contained 
12.9±1.3 pCilg of technetium-99. Technetium activities in shallower samples from this 
boring (0 to 4, 4 to 8, 16 to 18 ft) were less than 3.0 pCi/g. 

Building 3019 area. Soil samples from the hot bank area immediately north of Building 
3019 contained a relatively large number of beta-emitting radionuclides; however, the 
majority of these constituents were detected at activities within the range of reference levels. 
Activities greater than reference were reported for gross beta, actinium-228, calcium-45, 
cobalt-60, europium-152/154, iron-55, iodine-129, promethium-147, total strontium, and 
technetium-99. With the exception of samples from 01.SBI26, which contained the only 
WAG 1 detection of iodine-129, all of these constituents were detected at levels below those 
reported for NTF and STF. 

Samples from the 0- to 2-ft interval in 01.SB126 contained the largest number of and 
highest activities for beta-emitters from the 3019 hot bank area, including gross beta 
(617l±927 pCi/g), cesium-137 (3028±176 pCi/g), iodine-129 (689±44 pCi/g), and total 
radioactive strontium (2215±244 pCi/g). Samples from deeper intervals in 01.SB126 also 
contained elevated levels, but activities generally declined by 50% or more with each 
succeeding sample (e.g., cesium-137 and iodine-129 declined to 511 and 117 pCilg, 
respectively, in the 4- to 6-ft sample). However, the sample from the 8- to 8.9-ft interval 
contained the highest activities (for the 3019 area and for WAG 1) of calcium-45 (1180±80 
pCi/g) and iron-55 (118±5 pCi/g); this same sample also contained an elevated activity of 
promethium-147 (19.1±3.7 pCi/g). Neither calcium-45 nor promethium-147 was analyzed 
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in the samples from the shallower intervals from boring 01.SB126. As previously stated, the 
promethium-147 results are suspect (see Sects. 4.1 and Appendix C). 

Soil boring 0l.SB244 was the only other boring from the hot bank area to yield samples 
with beta-emitting radionuclide activities in relatively high levels, namely gross beta and total 
strontium. The activity for total strontium was observed to increase with depth, from 
153±16.9 pCi/g in the 0- to 2-ft sample to 1162± 128 pCi/g in the 4- to 6-ft sample. Gross 
beta activity also increased, from 561±86 to 2619±394 in the same samples. 

Samples collected at sites of suspected leaks in the vicinity of Building 3019 (01.SB128 
through 01.SB134) contained elevated actIvities of gross beta, cesium-137, calcium-45, 
promethium-147, technetium-99, and total strontium down to 16 ft. The highest activities 
and deepest contamination were detected in samples from 01.SB132 at a past pipeline leak 
near the southwest corner of Building 3019. Samples from 01.SB128 and 01.SB130, on the 
north side of the building, showed similar types but smaller magnitudes of contamination. 

Samples from 01.SB132 contained the maximum gross beta and total strontium detected 
in the vicinity of Building 3019; activities in this boring increased from essentially 
background conditions at the 0- to 2-ft interval to considerably higher activities at depths of 
10 to 12 ft (16,005 ±2403 pCilg for gross beta and 8621 ±948 pCi/g for total strontium). 
The vertical distributions of selected beta-emitting radionuclides measured in samples from 
01.SB128, 01.SB130, and 01.SB132 are presented in Table 4.4.5. 

Surface impoundments. Samples from boring 01.SB189, located near the western 
perimeter of the 3524 settling basin, contained the highest activities of any soil boring 
samples collected in the vicinity of the impoundments. Gross beta activity in the 4- to 4.3-ft 
sample from this boring was 21,382±3209 pCi/g, the fifth highest gross beta activity 
measured in WAG 1 soil samples. This sample also contained calcium-45 (19.7±1.8 pCilg), 
nickel-63 (34,010±2440 pCi/g), and promethium-147 (677±72 pCi/g). The 2- to 4-ft 
sample from this boring contained 9871 ±l482 pCi/g gross beta, 53.1±3.1 pCi/g calcium-45, 
14,4oo±2440 pCi/g nickel-63, 516±55 pCi/g promethium-147, 6±3.9 pCi/g technetium-99, 
and 137±8 pCilg cesium-137. 

Soil boring 01.SB103, located on the western perimeter of the 3513 settling basin, 
encountered elevated levels of gross beta (338±54 pCilg) , cesium-137 (361 ±21 pCilg), and 
total radioactive strontium (51.8±5.8 pCilg) in a shallow (0- to 2-ft) sample. Soil boring 
01.SB104, located on the southern perimeter of the 3524 pond, encountered iron-55 
(6.3±5.1 pCi/g) , promethium-147 (676±72 pCi/g) , cesium-137 (339±20 pCi/g) , and 
technetium-99 (1.1±0.7 pCi/g) in the 2- to 4-ft interval. 

Isotope area. Gross beta in soil samples from the isotope area exceeded reference in 
a number of samples; however, the highest activity (998± 151 pCi/g) was well below the 
WAG 1 maximum of 62,500 pCi/g. Soil samples collected from the eastern portion of the 
area contained a relatively large number of beta-emitting radionuclides and included the 
maximum WAG 1 occurrence of cobalt-60 (99.5 ±9.6 pCilg). Other beta-emitters detected 
above reference include cesium-137, strontium-90, thorium-234, calcium-45, iron-55, nickel-
63, radium-228, potassium-40, thallium-208, and tritium. 
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The highest beta activities were associated with the 3028 leak area (sampled at borings 
01.SB129, 01.SB148, and 01.SB149). Samples from these borings contained the maximum 
activities within the isotope area for radium-228 and thaIlium-208. The highest gross beta 
and tritium activities in these borings was detected in samples from the 6- to 8-ft interval; 
samples from shallower intervals were either within or slightly above reference ranges. 

Soil borings 01.SB150, 01.SB152, and 01.SB153 also yielded samples from depths 
below 2 ft with elevated activities of gross beta (up to 1230±186 pCilg), cobalt-60 (up to 
41.9±3 pCilg), and ceslum-137 (up to 987±57 pCilg). The 01.SB150, 01.SB152, and 
01.SB153 samples were collected at sites of suspected or known past leaks; the depth at 
which elevated activities were detected indicates that the releases were most likely related to 
buried pipelines. 

SWSA 1 and vicinity. Soil samples collected from within and in the immediate vicinity 
of SWSA 1 yielded only a limited number of samples with beta-related activities above 
background. In addition to gross beta, radio nuclides detected above reference include 
cesium-137, potassium-40, and strontium-90. Among these constituents, only gross beta and 
cesium-137 were significantly elevated above reference (in this case greater than 100 times 
the reference level). 

Soil samples collected from borings within or on the perimeter of SWSA 1 (01.SB009, 
01.SB010, 01.SB064, and 01.SB215-218) contained only slightly elevated activities of beta­
emitting radionuclides, typically potassium-40 and strontium-90. Gross beta activity was less 
than 50 pCilg for these samples. These borings included samples collected at depths down 
to 12 ft. 

Soil borings 01.SB005 through 01.SB008 were all drilled near the waste pile east­
southeast of SWSA 1 and included sampling down to depths of almost 30 ft. Potassium-40 

. and strontium-90 were the only beta-emitting constituents detected above reference in samples 
from these borings; the maximum activities in these samples were 37.7±5.8 and 6.02±0.81 
pCi/g, respectively. 

Soil borings 01.SB060 through 01.SB064, completed west of SWSA 1 at USRADS 
sampling sites, contained the highest activities of gross beta and cesium-137 detected in this 
area. The maximum for gross beta was detected in the 0- to 1.8-ft sample from 01.SB063 
(2166±326 pCilg); this sample also contained the high for cesium-137 (2391 ± 139 pCilg). 
Samples from these borings did not extend below 6 ft. 

3503/3504 area and thorium tank farm. Soil samples from the 3503/3504 area 
contained only a limited number of beta-emitters. In addition to gross beta, activities for 
cesium-137, radium-228, actinium-228, thorium-234, and thaIlium-208 were elevated above 
reference. The actinium-228 detected in this area (9.09± 1.22 pCilg) was the maximum 
activity detected on WAG 1. 

Only one of the three borings completed around the thorium tank farm encountered any 
beta-related radiological soil contamination (01.SB047). The 0- to 5-ft sample from this 
boring contained gross beta of 2192±59 pCilg and 123± 17 pCi/g of cesium-137. The other 
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two borings near the thorium tanks did not contain beta-emitting radionuclides above ( 
reference levels. Boring 01.SBI09, located in the northeast corner of the tank farm, 
encountered calcium-45 (41 ±5.4 pCi/g), promethium-147 (5.4±3.3 pCilg), and technetium-
99 (0.8±0.3 pCi/g) in the 0- to 1.9-ft interval. 

Soil samples from 01.SB191 and 01.SB192 were collected to investigate a suspected leak 
site near Building 3503. High levels of gross beta (226O±342 pCi/g), cesium-137 
(2873±167 pCi/g), and total radioactive strontium (26.3±3 pCi/g) were detected in the 4-
to 4.8-ft sample from 01.SBI91. The shallow sample from this location did not contain any 
beta-related .activity above background. 

Two of the samples from borings completed to investigate mercury contamination near 
Building 3504 (01.SBI73 and 01.SBI74) contained gross beta above reference. The 
maximum gross beta in these samples (2996±452 pCilg) was measured in the sample from 
the 2- to 3.3-ft interval in 01.SBI74. This same sample also contained calcium-45 
(12.4±4.6 pCilg), nickel-63 (462±31 pCi/g), and promethium-147 (1362±143 pCi/g). As 
previously mentioned, the promethium-147 detection is suspect. 

Additional locations. The nature of beta-emitting radiological contamination at the 
multitude of suspected leak and USRADS sites around WAG 1 varies from location to 
location. Most of the leak sites with elevated gross beta activity also contained elevated 
levels of cesium-137 and/or total radioactive strontium. A small number of samples 
contained additional radionuclides, including calcium-45, thorium-234, lead-212, radium-228, 
and promethium-147. In most cases, these additional radionuclide levels were only slightly 
higher than the reported reference level. 

Gross beta activity was elevated for a large number of the USRADS sampling sites. The 
most common beta-emitters identified in these samples were cesium-137, total radioactive 
strontium, and tritium. In the m!\iority of the samples, cesium-137 accounted for more than 
50% of the gross beta activity, and in two samples the cesium-137 activity exceeded the gross 
beta reference value. 

The highest gross beta activity in an USRADS sample was detected in the 0- to 1-ft 
sample from 01.SB096 (4045 ±608 pCi/g), located west of the impoundments area. An 
elevated gross beta activity was also found in the sample from the 0- to 2-ft interval in 
01.SB056 (2896±436 pCi/g), south of the sewage lagoons. Both of these samples also 
contained elevated cesium-137 activities, ranging from 3785 ±220 pCilg in 01.SB096 to 
3139± 183 pCi/g in 01.SB096. The 0- to 0.8-ft sample from boring 01.SBI06 (next to First 
Creek) contained 123.2±3.2 pCilg of calcium-45. 

Floodplain soils. A summary of the radiological data detected in these soils is included 
in Table 4.4.4. Figures 4.4.7 through 4.4.10 include the distribution of beta-related 
contamination in the floodplain soils along both First Creek and WOC. Within WOC 
floodplain soils, beta-emitters were more prevalent than alpha-emitters. Both naturally 
occurring (thorium-234, lead-214, and lead-210 of the uranium series; radium-228, 
actinium-228, and thaIlium-208 of the thorium series; and potassium-40) and man-made 
(cesium-137, technetium-99, sodium-22, and various isotopes of cobalt, europium, and 
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strontium) radionuclides were detected. Of this group, only the man-made constituents were 
detected above reference in the WOC floodplain soils. Potassium-40, thorium-234, and 
radium-228 were also detected in the floodplain soils along First Creek. The activities of the 
naturally occurring beta-emitters were within the reported reference levels for these 
constituents in WAG 1 soils. 

Man-made beta-emitters detected in First Creek floodplain soils were limited to cesium-
137 and cobalt-6O. Cesium was detected in all of the samples in activities that generally 
exceeded the reported reference levels by 1 to 2 orders of magnitude. Cobalt-6O was 
detected in only three samples and in activities less than 0.2 pCi/g. 

Within the WOC floodplain samples, activities per gram of cesium-137 and potassium-40 
exceeded the reported reference levels in a large number of samples. Activities per gram of 
cesium exceeded reference by up to 5 orders of magnitude in several samples but were most 
commonly reported at levels 2 to 4 orders of magnitude greater than reference. The 
distribution of cesium above the reference level was more widespread than that observed for 
the alpha-emitting radionuclides and included locations in all nine of the WOC transects and 
all six of the G,grid locations. Activities were generally higher in samples downstream of 
the WOC4 transect. Potassium-40 activity levels were generally at or below the maximum 
reference value. 

Gross beta results from First Creek floodplain soils were generally much higher than the 
sum of individual beta-emitting radionuclides. In most samples, approximately 50% of the 
gross beta could be accounted for by the potassium-40 and cesium-137 present in the sample; 
however, the remaining contributors were not determined. The absence of a correlation 
between the number and concentrations of individual beta-emitting radionuclides and the 
gross beta content for these samples likely is due to either inaccurate analyses or the omission 
of additional beta-emitting radionuclides from the list of analytes. 

Gross beta activity in the soils along First Creek were generally within reference ranges 
« 30.5 pCi/g); 234 pCi/g was noted at one location and 57.1 pCi/g at a second location, 
both in the 0- to 2-ft interval. The presence of cesium-137 at activity levels greater than 
reference does not always correlate with elevated gross beta content, as evidenced by a 
comparison of the distribution of gross beta and total cesium activities in the soils along First 
Creek (see Figs. 4.4.7 and 4.4.8). 

Gross beta activities above the reference level of 30.5 pCi/g were detected in 60 of the 
WOC floodplain samples (more than 60% of the total samples collected from the WOC 
floodplain). The reported activities for these samples ranged from 32.9 to 39,400 pCl/g, 
with the majority in the range of 100 to 700 pCi/g. The bulk, of the gross beta activity could 
be attributed to the cesium-137 content in the samples. 

The highest levels of cesium-137 in First Creek floodplain soils, up to slightly more than 
100 times the reference activity of 0.21 pCl/g, were detected in samples from the lower 
(southern) portion of the creek. Similar levels were observed in terms of the maximum 
cesium activity detected in samples from each of the three transects (20 to 23.4 pCi/g). 
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The maximum cesium-137 activity (22,170±1286 pCi/g) in WOC floodplain soils was ( 
detected in the 2- to 4-ft sample from location 01. WOC63; activities greater than 1000 pCi/g 
were also reported for samples from 13 additional locations. All 13 of these samples were 
collected from the uppermost interval sampled, in most cases 0 to 2 ft. Cesium-137 activities 
between 100 and 1000 pCi/g were detected in 27 samples, only 7 of which were collected 
from a deeper sampling interval (Le., depths below 2 ft). 

Potassium-40 activity greater than reference was largely restricted to soil samples from 
the WOC8 transect; results varied from only slightly higher than the potassium-40 reference 
level of 18.7 pCi/g in samples 01.WOC81 through 83 (22 to 36 pCi/g) to a maximum of 
39.4±4.3 pCi/g in sample 01.WOC84. This grouping included subsurface samples from 
depths of 6 to 8 ft (01. WOC83 and 01. WOC84). 

Technetium-99, which was detected in only two samples, exceeded its reference level 
in the 2- to 4-ft sample from 01.WOC63 (5.8±3 pCi/g). Cobalt-60 was detected at 
apparently elevated levels (> 2 pCi/g) in 12 samples (no reference level was available). All 
other beta-emitting radionuclides detected in WOC floodplain soils were within reported 
background ranges. 

Total radioactive strontium exceeded the reference level (not detected) in all 12 WOC 
floodplain samples for which a positive result was reported; activities ranged from 1.88 to 
192 pCi/g. Analyses for total radioactive strontium were not conducted on samples from 
First Creek. 

Cobalt-60, technetium-99, radioactive strontium, americium-241, and gross beta 
exhibited a mode of occurrence similar to that noted for cesium-137-highest activity in the 
01.WOC63 sample (except for americium-241) and a general distribution of the higher 
activities in samples downstream of transect WOC4. This similarity suggests a shared 
source(s) for these radionuclides, most likely in the vicinity of the WOC5 transect. Soil 
samples from the First Creek floodplain resulted in one americium-241 detection at 
0.134±0.1 pCi/g in the 0- to 2-ft interval of 01.FC13. 

4.4.4 Chemical Contamination in Soils 

Analyses performed on soil samples collected during the Phase I RI .included YOCs, 
BNAEs, chlorinated herbicides, pesticides/PCBs, dioxins/furans, metals, cyanides, and 
organophosphorous pesticides. The specific suite of analyses performed on each soil sample 
taken from the borings is identified in Table A4.1.6 in Appendix A. Twenty YOCs, 39 
BNAEs, 7 pesticides, 2 PCBs, cyanide, and 22 metals were detected. No dioxins, furans, 
or herbicides were detected in soil samples. 

The following is a discussion of the nonradiological chemicals detected during Phase I. 
The .discussion is organized by the following contaminant grouping: YOCs, BNAEs, 
pesticides/PCBs, dioxins/furans/herbicides, cyanide, and metals. Proposed RCRA action . 
levels for soil (54 FR 145) for specific contaminants, when available, are provided for 
comparison. 
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4.4.4.1 Nature and extent of VOC contamination 

Twenty VOCs were detected in samples from 173 borings and soil sampling locations 
at WAG 1 (Table 4.4.6). Thirty-four of the borings are located in the WOC and First Creek 
floodplains. Acetone, 2-butanone, methylene chloride, and chloroform were found most 
often, typically with the highest concentrations among the VOCs. 

Trichloroethylene, toluene, chloroform, 2-hexanone, acetone, trichlorofluoromethane, 
methylene chloride, and methyl ethyl ketone were found in the WAG 1 reference samples 
(Sect. 4.2). 

The summed concentrations of VOCs per boring are presented in Table 4.4.7 and 
Fig 4.4.11. For each boring, the summed VOC concentration represents the sum of the 
maximum VOCs found in each depth interval (includes duplicate or regular sample) divided 
by the number of intervals sampled. As depicted on Fig 4.4.11, samples from only four 
borings (01.SBOI0, 01.SB011, 01.SB118, and 01.SBI42) contained summed VOCs totaling 
greater than 1000 p.g/kg. In these samples, 90% of the summed VOCs in boring 01.SBOI0 
is methyl ethyl ketone, 87 % of the summed VOCs in boring 01.SB011 is chloroform, and 
greater than 95 % of the summed VOCs in borings 01.SB118 and 01.SB142 is acetone. 

The majority of VOCs detected in WAG 1 were at levels below 100 p.g/kg. The only 
ones detected at concentrations above 100 p.g/kg were acetone, methylene chloride, methyl 
ethyl ketone, chloroform, and 1,2-dichloroethylene. The only VOC detected at a 
concentration greater than 1000 p.g/kg was methyl ethyl ketone at 1100 p.g/kg. 

The following paragraphs summarize all 20 VOCs detected in WAG 1 soils. 
Concentration versus depth relationships were not evident and therefore are not addressed. 
VOCs were not analyzed at each interval in the borings, so comparisons among depths may 
be misleading. Each sample collected from the different intervals was screened at the on-site 
CSL using a gas chromatograph prior to selection and shipment of samples to the off-site 
laboratory. In most cases, the sample (or samples) in which the greatestconcentrations of 
VOCs were found were sent to the off-site laboratory. Therefore, it may be assumed that 
concentrations elsewhere in the borehole would be equal to or less than those reported by the 
off-site laboratory. The sample intervals analyzed for VOCs are identified in Appendix A. 

Acetone. Concentrations of acetone ranged from 2 to 880 p.g/kg. Ninety-four samples 
from 58 borings contained detectable acetone; 69 of the 94 detected occurrences (73%) were 
at levels below 100 p.g/kg. Acetone is commonly present as a laboratory or sampling 
contaminant, or it may have been introduced to soil from leaking pipelines, basements, or 
tanks. The borings with the highest acetone concentrations include 01.SB142 (east of 
Building 3002), 01.SB118 (north of impoundment 3517), 01.SB130 (north of Building 3019), 
and 01.SB124 (north of Building 3019 on the "3019 hot bank"). The high concentrations of 
VOCs in these borings were taken from intervals deeper than 2 ft. The RCRA soils action 
level of 8,000,000 p.g/kg for acetone is greater than all measured soil concentrations in 
WAG 1. 
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Methylene chloride. Concentrations of methylene chloride ranged from 1 to 710 Jl,g/kg. ( 
One hundred samples from 73 borings contained detectable quantities of methylene chloride; 
89% of all methylene chloride detects were below 100 Jl,g/kg. Methylene chloride can 
originate from a variety of sources including aerosols, paint removers, and metal degreasers. 
Its fate in soils is not completely understood, although it is expected to evaporate from near-
surface soil because of its high vapor pressure. The three highest methylene chloride 
concentrations were found in samples from the top 2 ft of borings 01.5B114, 01.5B080, and 
01.5BI33. The RCRA action level for methylene chloride in soils is 90,000 Jl,g/kg; all 
WAG 1 soil concentrations were below this action level. 

Methyl ethyl ketone. Methyl ethyl ketone, a common solvent also known as 
2-butanone, was detected at 260 Jl,g/kg in WAG 1 reference soils. Its concentration in 
reference samples is questionable and may be an indication of contamination during sample 
container preparation or laboratory sample analysis. Samples from 25 borings contained 
detectable concentrations of methyl ethyl ketone, but only 01.SBOI0 yielded samples 
containing concentrations greater than the maximum reference concentration (260 Jl,g/kg). 
The three samples from 01.SBOI0 (located between SWSA 1 and WOC) contained estimated 
concentrations ranging from 680 to 1100 Jl,g/kg. The RCRA action level for methyl ethyl 
ketone in soils is 4,000,000 Jl,g/kg, which is greater than all measured concentrations at 
WAG 1. 

Chloroform. Chloroform was detected at concentrations from 1 to 770 Jl,g/kg in 65 
samples from 51 borings. Since chloroform has a high vapor pressure, it usually volatilizes 
rapidly and is poorly adsorbed to the soil; therefore, its occurrence in soil is questionable. 
Chloroform is commonly associated with use as an industrial solvent, extractant, and 
chemical intermediate; it was also indirectly produced in the chlorination of drinking waters, 
on-site sewage, and cooling waters. Twenty samples from 15 borings had chloroform 
concentrations above the maximum reference level of 9 Jl,g/kg. The highest concentrations 
of chloroform were found in samples from 01.SB011 (770 Jl,g/kg) and 01.SB014 (240 Jl,g/kg), 
located northwest of Building 2013. The soils action level for chloroform is 100,000 Jl,g/kg, 
which is greater than the measured concentrations detected. 

Methylisobutyl ketone. Concentrations of methylisobutyl ketone ranged from 1 to 
97 Jl,g/kg in 58 samples from 34 borings. A variety of sources may be responsible, including 
vehicle exhaust, lacquers, varnishes, paints, or adhesives. If released to soil, methylisobutyl 
ketone is expected to be removed by direct photolysis on soil surfaces, volatilization,. or 
aerobic biodegradation. The concentrations detected are not believed to indicate any 
substantial contamination in WAG 1 soils. The RCRA soils action level for methylisobutyl 
ketone is 4,000,000 Jl,g/kg, which is greater than any concentration detected at WAG 1. 

Carbon disulfide. Carbon disulfide was detected in 54' samples from 45 borings; the 
maximum concentration (65 Jl,g/kg) was detected in a sample from 01.SB006 (southeast of 
SWSA 1). This concentration was almost double the next highest concentration (33 Jl,g/kg). 
Carbon disulfide can be naturally occurring but is generally related to its use as a solvent or 
fumigant. The RCRA soils action level for carbon disulfide is 8,000,000 Jl,g/kg, which is 
significantly higher than the maximum detected soil concentration at WAG 1. 
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1,2-Dichloroethylene/l,1-dichloroethylene. Both 1,2-dichloroethylene and 1,1-
dichloroethylene are anaerobic transformation products of tetrachloroethylene and 
trichloroethylene, both of which were detected in several borings but at low concentrations. 
Six samples from six borings contained 1,2-dichlorethylene. The maximum concentration 
of 150 p.g/kg was found in a sample from 01.SB133, which is located between Buildings 
3001 and 3019 adjacent to the 3019 canal. The remaining five samples contained 1,2-
dichloroethylene at or below 22 p.g/kg. 1,1-Dichloroethylene was detected once in a sample 
from 01.SBOlO (located north of SWSA 1 and south of WOC) at a concentration of 7 p.g/kg 
(estimated). The action level for 1,1-dichloroethylene is 10,000 p.g/kg, which is significantly 
greater than the concentrations measured at WAG 1. 

Tetrachloroethylene and trichloroethylene. Tetrachloroethylene (PCE) was found in 
12 samples at concentrations ranging from an estimated 1 p.g/kg to 36 p.g/kg. 
Trichloroethylene (TCE) was found in 21 samples from 20 borings and ranged in 
concentration from an estimated 0.8 p.g/kg to 55 p.g/kg. TCE was detected in one of five 
reference samples at an estimated 1 p.g/kg. The RCRA action levels for PCE and TCE are 
10,000 and 60,000 p.g/kg, respectively; both PCE and TCE concentrations measured in 
WAG 1 soils are significantly lower. 

Benzene/xylene/toluene/ethylbenzene. These aromatic compounds were detected in 
relatively minor amounts; toluene was detected the most frequently and at the highest 
concentration. All four were found in samples from depths greater than 2 ft, which suggests 
that the compounds have leached downward into the soil or have leaked from underground 
sources. In some cases, the concentrations found may originate from gasoline or exhaust 
fumes commonly present in WAG 1. Benzene was detected 'once at an estimated 
concentration of 3 p.g/kg in a sample from 01.SB125, located on the 3019 hot bank. 
Ethylbenzene, a degradation product of benzene, was found only twice (borings 01.SB010 
north of SWSA 1 and 01.WOC41 on the WOC floodplain) at depths between 2 to 4 ft and 
concentrations ranging from an estimated 6 p.g/kg to 17 p.g/kg. Toluene, detected in 45 
samples from 42 borings, ranged from an estimated 0.6 p.g/kg to 17 p.g/kg. Toluene was 
detected at 4 p.g/kg in reference soils. Total xylene was found in samples from four borings 
(Le., 01.SB125 and 01.SB165 east of NTF and 01.WOC41 and 01.WOCn in the WOC 
floodplain) at concentrations ranging from an estimated 1 p.g/kg to 38 p.g/kg. RCRA action 
levels for toluene (20,000,000 p.g/kg), xylenes (200,000,000 p.g/kg), and ethylbenzene 
(8,000,000 p.g/kg) are much greater than the measured soil concentrations .at WAG 1. 

Others. The remaining five VOCs were detected in only a small number of borings and 
at concentrations that were often estimated values below the SQL. Of these VOCs, the 
highest concentration was 90 p.g/kg of bromodichloromethane found in a sample from boring 
01.SBOll (located northwest of Building 2525, at the northwestern boundary of the WAG). 
The RCRA soil action level for bromodichloromethane is 500 p.g/kg, which is greater than 
the concentration measured in the sample from 01.SBOn. 

4.4.4.2 Nature and extent of BNAE contamination 

Table 4.4.8 summarized BNAE analyses, and Table 4.4.9 lists summed BNAE 
concentrations for each borehole (normalized for the number of samples per borehole). 
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BNAE target compounds were detected 1286 times in numerous soil samples collected as part 
of the Phase I RI, although only a few borings contained soils with concentrations above 
1000 JLg/kg. Undetected values (CRQL) are not included but can be found in Appendix C. 

Nine hundred sixty-nine of the detected occurrences of BNAEs (75.4% of 1286 BNAE 
detections) were attributed to 17 different polynuclear aromatic hydrocarbons (PAHs). Six 
different phthalates were detected 210 times (16.3% of 1286 BNAE detections). The 
remaining 107 detects (8.1 %) were attributed to 16 different BNAEs that were neither PAHs 
nor_phthalates. 

Polynuclear aromatic hydrocarbons. PAHs exist in a variety of materials that are 
common at WAG 1, including fuel oil, gasoline, coal, and asphalt. PAHs were detected in 
wac and First Creek floodplain soils 494 of the 969 times PAHs were identified. The 
P AHs in those samples are probably associated with the asphalt roadways and parking lots 
or with coal storage. Much of the on-site runoff that may carry PAHs to the creeks is 
derived from parking areas and roadways via storm drains. 

PAH concentrations exceeded reference concentrations in 4 borings in the main plant 
area (01.SB097 north of SWSA I, 01.SB141 in the northeast corner of WAG 1, 01.SB147 
east of Building 3025, and 01.SB168 on Central Avenue between NTF and STF) and 13 
borings in the wac floodplain between the southwest corner of Building 4500S and a 
location downstream of Third Street. 

Phthalates. Phthalates, common plasticizers, were the second most common type of 
BNAEs (behind PAHs) found in WAG 1 soil samples. Six phthalates [bis(2-
ethylhexyl)phthalate, diethylphthalate, butyl benzyl phthalate, dimethyl phthalate, di-n-butyl 
phthalate, and di-n-octyl phthalate] were detected 210 times; approximately 31 % of the 
detects were in the floodplain soils (12 in First Creek and 54 in wac floodplain samples). 
The remaining 69 % (144 detects) were from borings in the main plant area. The most 
common phthalates found were bis(2-ethylhexyl)phthalate, butyl benzyl phthalate, and 
di-n-butyl phthalate. 

The four highest concentrations ofbis(2-ethylhexyl)phthalate were found in samples from 
wac floodplain locations 01.WOC52, 01.WOC32, 01.WOC51, and 01.WOCI2. Unlike 
bis(2-ethylhexyl)phthalate, the highest concentrations of di-n-butyl phthalate were found in 
samples from borings in the main plant area. Only 2 of the 11 highest concentrations were 
found in samples of wac floodplain soils.· Di-n-butyl phthalate was the only phthalate found 
in reference soils, where it had a concentration of 150 JLg/kg in one sample; this value was 
exceeded in 27 of the WAG 1 soil samples containing detectable concentrations. 

Other BNAEs. Seventeen BNAEs that are neither PAHs nor phthalates were found in 
WAG 1 soils (Table 4.4.8). Most of these compounds were detected only once or twice 
except for n-nitroso-diphenylamlne (34 detected occurrences), benzoic acid (28 detected 
occurrences), benzyl alcohol (3 detected occurrences), phenol (15 detected occurrences), and 
dibenzofuran (14 detected occurrences). The compounds detected only once or twice were 
all found in the floodplain soils, usually along wac. 
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N-nitroso-diphenylamine was detected 34 times, although no sample concentration 
exceeded the maximum reference concentration of 150 p.g/kg. 

Benzoic acid was found in samples from boring 01. WOC52 at a concentration of 
2400 p.g/kg. Benzoic acid is a degradation product of benzene and toluene and also may be 
naturally occurring. Benzene and toluene were not found in the soil samples from 
01.WOC52. 

The three samples containing benzyl alcohol were collected along Third Street in borings 
01.SB096, 01.SB097, and 01.SB098. The highest concentration was 130 p.g/kg. Benzyl 
alcohol (phenol) typically biodegrades fairly rapidly under aerobic conditions in surficial soil. 
Possible sources of this compound include decomposition of organic and animal wastes, 
plastics, fibers, and adhesives. 

Dibenzofuran was detected 14 times; the highest concentrations (6900 p.g/kg estimated) 
were found in soil samples from borings 01.SB168 (between NTF and STF) and 01.SB141 
(northeast portion of WAG 1) (1200 p.g/kg). Dibenzofurans are typically associated with 
combustion products such as PAHs. Borings 01.SB168 and 01.SB141 contained the highest 
concentrations of PAHs found in WAG 1 soils. 

4.4.4.3 Nature and extent of organochloride pesticides and PCB contamination 

The locations and sample depth intervals of the seven detected pesticides are listed in 
Table 4.4.10. All of the pesticides were found in samples composited over the top 2 ft. 
Heptachlor (12J p.g/kg), 4,4'-DDT (53 p.g/kg), endrin (2.8J p.g/kg), alpha-BHC (22J p.g/kg), 
alpha-chlordane (looJ p.g/kg), gamma-chlordane (55J p.g/kg), and 4,4' DOE (51 p.g/kg) were 
each detected once. These compounds may be remnants of surface applications of pesticides. 

Organophosphorous pesticides were not detected in any soil samples. 

Two PCBs, Aroclor-1254 and Aroclor-1260, were detected in samples from 16 soil 
borings at concentrations ranging from 33 to 5800 p.g/kg and 88 to 1900 p.g/kg, respectively 
(Table 4.4.10). Only borings 01.SB052, 01.SB054, and 01.SB097 contained concentrations 
of Aroclor-1254 and Aroclor-1260 in the ppm range. Borings 01.SB052 (2300 p.g/kg for 
Aroclor-1254) and 01.SB054 (5800 p.g/kg for Aroclor-1254) are near First Creek away from 
the operations of WAG 1. The boring locations were initially chosen based on the USRADS 
survey. It is unclear what may be contributing PCBs to the surficial soils in this area. 
Boring 01.SB097 (l5OOJ p.g/kg for Aroclor-1254 and 1900J p.g/kg for Aroclor-1260) is just 
north of WOC near Third Street in a marshy area that collects runoff from a ditch running 
north to south along Third Street from White Oak Avenue. Transformers near soil boring 
01.SB097 are a possible source of the PCB contamination. The RCRA soils action level for 
PCBs is 90 p.g/kg, which is less than concentrations measured in samples from the three soil 
borings described above. The other 13 borings are 01.SB035, 01.SB048, 01.SB049, 
01.SB051, 01.SB060, 01.SB061, 01.SB063, 01.SB088, 01.SBI08, 01.SB112, 01.SB114, 
01.SB175, and 01.SB176. 
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4.4.4.4 Nature and extent of dioxin, furan, and herbicide contamination 

No dioxins, furans, or herbicides were detected in any soil sample from WAG 1. 

4.4.4.5 Nature and extent of cyanide contamination 

Table 4.4.10 lists the 10 borings and the sample depths for samples in which cyanide 
was detected. The maximum concentration (5100 /lg/kg) was found in a sample from 
01.SB040, near tank WC-1 at the southern portion of the isotope area. The cyanide soil 
action le,vel is 2,000,000 /lg/kg, which is much greater than the maximum concentration 
measured at WAG 1. 

4.4.4.6 Nature and extent of metal contamination 

All metals analyzed for were detected in soil samples. The concentrations varied widely, 
possibly indicating both natural variability in the soils and the presence of contamination. 
Table 4.4.11 lists the maximum metal concentrations for Phase I soil samples; individual 
analytical data are presented in Appendix A. 

Concentrations of individual metals in the main plant area and the floodplain soils varied 
by orders of magnitude; this variability may be influenced by several factors, including type 
of soil and presence of contamination. RCRA proposed soil action levels for metals (when 
available) or the reference sample metal concentrations were used to identify areas containing ( 
significant concentrations of metals. 

When analyzed by the inductively coupled plasma argon spectrophotometry (ICAP) 
method, arsenic, lead, selenium, and thallium are subject to interferences from other metals 
and exhibit higher detection limits than when analyzed by the more conventional graphite 
furnace absorption spectrophotometry (GFAA) (see Sect. 4.1). Concentrations of these 
metals are presented whether or not the ICP method was used; analytical data presented in 
Appendix A identify which results came from ICAP analyses. 

Each of the metals detected in WAG 1 main plant area soils and the floodplain soils is 
discussed below. Only those borings containing metal concentrations above the maximum 
reference level are discussed. 

Aluminum. The maximum aluminum concentrations detected in individual boreholes 
ranged from 1,470,000 to 54,200,000 /lg/kg. Approximately 55 % of the borings did not 
yield samples containing aluminum above the maximum reference concentration of 
14,000,000 /lg/kg. The two samples containing the highest concentrations came from 
01.SB175 and 01.SB176, which are about 15 ft apart and adjacent to Building 3592, where 
mercury spills have been documented. The highest concentrations of mercury (548,000 and 
16,400 /lg/kg) were also found in samples from these borings. The large range of aluminum 
concentrations likely reflects the natural diversity of soil material and is not believed to 
represent contamination. 
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Antimony. Figure 4.4.12 illustrates the distribution of maximum antimony 
concentrations (2400 to 37,600 ltg/kg). ThirtY of the 31 sampling locations having 
concentrations above the maximum reference value of 7600 ltg/kg (undetected) were in the 
main plant area. The only floodplain location where antimony was detected above 7600 
ltg/kg was 01.WOC23. More than half of the borings showed no detectable concentrations 
of antimony. The RCRA soil action level for antimony is 30,000 ltg/kg, which was exceeded 
in one sample from WAG 1 (Le., boring 01.SBI73). 

Arsenic. The maximum concentrations detected in Individual boreholes ranged from 
1200 to 27,400 ltg/kg; the maximum reference concentration was 4600 ltg/kg. Figure 4.4.13 
presents the distribution of maximum arsenic concentrations in boreholes; the highest 
concentrations are primarily restricted to areas along the First Creek and wac floodplains 
and adjacent areas. This restricted geographic distribution suggests that the arsenic source 
is associated with plant activities rather than with natural variations in soil chemical 
composition. The RCRA soil action level for arsenic is 80,000 ltg/kg, which is greater than 
the maximum arsenic concentration measured in soil samples. 

Barium. Samples from 6 of 234 borings contained barium concentrations greater than 
the maximum reference concentration of 403,000 ltg/kg. The highest concentration 
(1,940,000 ltg/kg) was found in boring 01.SB090, located adjacent to tank 3013 (which 
contained effluent from the environmental processing laboratory in Building 3013). The 
RCRA soil action level for barium is 4,000,000 ltg/kg, which is greater than the maximum 
concentration measured at WAG 1. . 

Beryllium. Samples from 35 borings contained beryllium concentrations above the 
maximum reference concentration of 1600 ltg/kg. Samples from 180 borings had detectable 
beryllium below the maximum reference concentration, and samples from 17 borings had no 
detectable beryllium (Fig. 4.4.14). The highest concentration (212,000 ltg/kg) was found 
in a sample from boring 01.SB026, located at NTF adjacent to Gunite tank W-l (used to 
store highly radioactive waste from Building 3019). The RCRA soils action level (or 
beryllium is 200 ltg/kg, which was exceeded both by WAG 1 and 17 of 18 reference soil 
samples. 

Boron. Boron was not among the 25 target metals of concern but was reported by the 
laboratory in soil borings 01.SBool, 01.SB002, 01.SB003 (located at the site of a former 
storage impoundment west of impoundment 3517) and 45 floodplain borings. No correlation 
is apparent within the floodplain samples, although the seven highest concentrations were in 
the First Creek area and at wac where it crosses Haw Ridge. 

Cadmium. Cadmium, detected in samples from 110 borings, was above the maximum 
reference concentration of 3800 ltg/kg in samples from 15 borings (Fig. 4.4.15), The 
maximum concentration was 11,900 ltg/kg, which is roughly 3 times greater than reference. 
The RCRA soils action level for cadmium is 40,000 ltg/kg, which is greater than the 
maximum concentration measured in the soil samples. 

Chromium. The highest level of chromium above the maximum reference concentration 
(41,000 ltg/kg) was found in 34 borings from samples of First Creek and wac floodplain 

R:IWAGISCSIFOUR 



4-70 

soils and in samples from the ditch that runs along the west side of Third Street between ( 
White Oak Avenue and WOC (Fig. 4.4.16). Samples from three locations near WOC 
(01.WOC32, 01.SB095, and 01.SB097) contained concentrations of chromium 3 to 4 times 
greater than reference, and 31 other borings contained between 41,000 and 99,000 ltg/kg. 
The soils action level for hexavalent chromium (the most mobile species of chromium) is 
400,000 ltg/kg, which is greater than the maximum total chromium concentration measured 
in the soil samples. 

Cobalt. Cobalt exceeded the maximum reference concentration of 28,600 Itglkg in 
samples from 11 borings containing detectable cobalt (Fig. 4.4.17). Detectable 
concentrations ranged from 590 to 143,000 ltg/kg. The highest concentration was in the 22-
to 24-ft interval in 01.SB135, at the south side of Building 3019. The second highest 
(98,800 ltg/kg) was found in a sample from the 0- to 5-ft interval in 01.SB026, adjacent to 
tank W-l (Fig. 4.4.17). Beryllium was also found in relatively high concentrations (212,000 
ltg/kg) in a sample from the same location. Samples from the remaining 10 borings that 
contained cobalt above reference values appear to reflect the natural concentration variability 
in the soils. 

Copper. The maximum reference concentration of copper was 14,900 ltg/kg, and 
concentrations in samples from nonreference boreholes ranged from 1100 to 394,000 ltg/kg. 
The areal distribution of copper is shown in Fig. 4.4.18. The highest concentration occurred 
in a sample from 01.SB006, located in the waste pile area. Samples from boreholes 
01.WOCI2 and 01.WOC52 had maximum copper concentrations of 125,000 and 102,000 
ltg/kg, respectively. All other maximum concentrations were below 90,000 ltg/kg. Copper 
was found in elevated concentrations in creek channel sediments (Sect. 4.6) and is believed 
to be related to ORNL operations, although specific sources could not be identified. 

Iron. Maximum detectable iron in soil samples from individual borings ranged from 
2,370,000 to 66,400,000 ltg/kg. The maximum reference value was 38,400,000 ltg/kg. 
These concentrations of iron may reflect the natural soil chemistry of WAG 1. 

Lead. Lead was detected with a range in maximum concentration from 2600 to 337,000 
ltg/kg for individual borings. Samples from 37 of the borings contained lead above the 
maximum reference concentration of 49,600 ltg/kg (Fig. 4.4.19). 

Magnesium. Magnesium concentrations are presented in Fig. 4.4.20. The maximum 
concentration in reference soils was 17,100,000 ltg/kg, which was exceeded in 18 borings. 
The maximum concentrations measured in individual boreholes, ranging from 386,OOOJ to 
60,500,000 ltg/kg, and are probably related to the different soil types sampled throughout 
the WAG. 

Manganese. The maximum manganese concentration (5,800,000 ltg/kg) occurred in a 
sample from NTF soil boring 01.SB026, where elevated beryllium and cobalt were also 
found .. The maximum reference concentration of manganese is 3,250,000 ltg/kg. Manganese 
is not believed to be elevated due to plant operations and is probably a function of natural 
soil chemistry. Figure 4.4.21 shows the distribution of manganese in soils at WAG 1. 

R:IWAOISCSIFOUR 



4-71 

Mercury. Mercury was detected in six reference samples; the maximum reference 
concentration (150 pg/kg) was exceeded in samples from 64 borings in which mercury was 
detected (Fig 4.4.22). During sampling, elemental mercury was visible in the soil from 
boring 01.SBI75, which had the highest concentration (548,000 pg/kg). Samples from 
01.SBI76, next to 01.SBI75, had the second highest mercury concentration detected (16,400 
pg/kg). Both borings were located adjacent to Building 3592 to investigate SWMU X01-
0002, a mercury spill site. The third and fifth highest concentrations (16,000 and 12,300 
pg/kg, respectively) were found in WOC floodplain soli near the Fifth Creek confluence with 
WOC (01.WOC21) and approximately 400 ft downstream at 01.WOC32 (see Fig. 4.4.22). 
Mercury from SWMU X01.OOO3 (Building 4501) may have entered Fifth Creek and 
subsequently been transported downstream to floodplain sampling locations 01. WOC21 and 
01. WOC32. The fourth highest level (12,600 pg/kg) was detected in soil collected beneath 
the basement of Building 4501 (01. SB203); a spill from a lithium separation process 
involving elemental mercury was the source for mercury in this building. The RCRA soils 
action level for inorganic mercury is 20,000 pg/kg, which was exceeded at soil boring 
01.SBI75. 

Nickel. Maximum detectable nickel concentrations per boring ranged from 4600 to 
50,300 pg/kg, and the maximum reference concentration of 36,500 pg/kg was exceeded in 
samples from 41 borings. The concentrations found in all of the soils (Fig. 4.4.23) were 
evenly distributed through this range and are not considered to represent on-site 
contamination. The RCRA soils action level for nickel is 2,000,000 pg/kg, which is 
significantly greater than the maximum measured concentrations. 

Osmium. Osmium was analyzed in samples from the majority of the WOC and First 
Creek floodplain borings, including 01.SBool and 01.SB002. The maximum detected 
concentrations per borehole ranged from 93,900 to 587,000 pg/kg; the maximum reference 
concentration was 245,000 pg/kg. The unexpectedly high concentrations of osmium detected 
in soils and sediments warranted resampling of various locations. Subsequent reanalysis by 
another analytical subcontractor failed to confirm the original findings, and results for 
osmium detects are considered highly suspect. It is doubtful that osmium (results were 
nondetects), a platinum group metal, would be present at WAG 1 at the reported elevated 
concentrations. 

Potassium. A large concentration range was noted for potassium (25,looJ to 8,430,000 
pg/kg), which is a common constituent of clay soils such as those found in WAG 1. The 
WAG 1 maximum reference level was 1,290,000 pg/kg (WAG 6 reference locations in 
Melton Valley had 4,570,000 pg/kg). Although samples from 10 borings contained 
potassium above 5,000,000 pg/kg, it is probable that the concentrations are related to 
differences in soil type. 

Selenium. ICAP analyses were performed on roughly half of the samples, and rCAP 
samples had very high concentrations of selenium compared with those samples analyzed by 
GFAA. Of the 65 samples with detectable selenium, 43 were identified by ICAP analyses. 
Samples from four borings (01.SBI60 along Central Avenue south of the isotope area, 
01.SB1l1 west of the 3513 impoundment, 01.SB148 south of Building 3028, and 01.SB183 



4-72 

in STF) contained selenium as quantified using SW-846 methods. Selenium was not detected ( 
in reference samples. 

Silver. Maximum silver concentrations in soil samples from individual boreholes ranged 
from 800 to 32,000 ltg/kg; concentrations exceeded the maximum reference value (4400 
ltg/kg) in 43 borings. There was no identifiable pattern in the distribution of silver in 
floodplain soils. The highest concentration was found in a sample from boring 01.WOCI2, 
which is in the WOC floodplain upstream of Fifth Creek just outside the WAG 1 boundary 
(see Fig. 4.4.24). The RCRA soils action level for silver is 200,000 ltg/kg, which is 
significantly greater than the maximum measured silver concentration. 

Sodium. Samples from 55 borings had sodium concentrations greater than the maximum 
reference level of 106,000 ltg/kg. Sodium is not considered a contaminant at WAG 1, 
although the high concentration at boring 01.SB133 (1,540,000 ltg/kg) may be related to 
plant operations (see Fig. 4.4.25). 

Thallium. Thallium, like selenium, exhibits extremely high concentrations in samples 
for which the ICAP method was used. The concentrations in other samples analyzed by 
another method with a lower detection level were low, with a maximum of 3300 ltg/kg 
(estimated). Thallium is not considered of significance. 

Tin. Tin, analyzed only in floodplain soils, was detected in samples from 54 of the 55 
floodplain borings in which it was analyzed. Samples from six borings contained 
concentrations above the maximum reference value of 72,000 ltg/kg. Concentrations in 
samples from the six borings (01.SB003, 126,000 ltg/kg; 01.WOC91, 83,900 ltg/kg; 
01.FC21, 82,200 ltg/kg; 01.FC32, 73,900 ltg/kg; 01.WOCG6, 73,500 ltg/kg; and 01.SBool, 
72,800 ltg/kg) exceeded the maximum reference concentration. 

Vanadium. Vanadium concentrations (46,600 to 64,600 ltg/kg) in soil exceeded a 
maximum reference concentration of 44,400 ltg/kg in samples from only 8 of 83 borings. 
The two highest concentrations occurred in samples from borings 01.SB176 and 01.SB175 
(south of Building 3592), which is where the samples with the highest mercury concentrations 
were also found. Because concentrations of vanadium only slightly exceeded the maximum 
reference concentration, it is probably not related to contamination. 

Zinc. The maximum concentration of zinc detected in individual boreholes ranged from 
7800 to 514,000 ltg/kg; the maximum reference concentration was 258,000 ltg/kg. The 
highest concentrations were typically found in floodplain soil samples (see Fig. 4.4.26). No 
pattern of zinc distribution within the WOC floodplain could be seen except that all locations 
were below Fifth Creek. Zinc is likely a by-product of some of the operations in WAG 1 
and may have been released via spills (e.g., pipeline leaks) or by releases directly into the 
surface water network. 
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4.5 SURFACE WATER 

Surface drainage and point-source discharges from WAG 1 enter wac, Fifth Creek, or 
First Creek. In addition, groundwater beneath WAG 1 is believed to discharge to these 
creeks. An evaluation of point- and nonpoint-source releases of contamination from WAG 1 
can be made by evaluating water quality in the creeks. Although the waiershed for 
Northwest Tributary is outside WAG 1 to the west and northwest, it will also be evaluated 
because it converges with First Creek. The exit point from the WAG for all releases to 
surface water is the wac water gap through Haw Ridge, at the southwestern perimeter. 

Phase I of the characterization of surface waters was conducted between October 1990 
and March 1991; 30 surface water grab samples were collected from the major WAG 1 
creeks during both low base and high base flow conditions, as well as during storms that 
occurred during low and high !lase conditions. 

Table 2.5.4 lists surface water sampling locations and the nature of the sampling event 
(e.g., low base nonstorm flow). Three wac locations were sampled: SW-5, downstream 
of Fifth Creek and upstream of the 3500 impoundment area; 01. CS003 , just downstream of 
the 3500 impoundments; and SW-6, downstream of the First Creek confluence and below the 
7500 bridge at the southern end of WAG 1. 

Sampling sites SW-4 and 01.CS008 were south of Central Avenue in Fifth Creek. First 
Creek was sampled at locations 01.CSOll (approximately 200 ft above the confluence with 
Northwest Tributary), SW-7 (approximately 450 ft upstream of 01.CSOll), and 01.CS010 
(approximately 750 ft upstream of SW-7). Northwest Tributary was sampled at 01.CS012 
(approximately 100 ft above the confluence with First Creek) and SW-8 (approximately 250 
ft upstream of 01.CS012). 

Sampling locations SW-5 through SW-8 coincide with flow gauging stations operated by 
the USGS on wac, First Creek, and Northwest Tributary. These locations were sampled 
so that flow data could be used to calculate contaminant flux at the time of sampling. 
Because no gauging station was present in Fifth Creek, measurements of water level and 
velocity were obtained at SW-4 at the time of sample collection. Hydrographs created from 
data collected at each of the USGS flow measurement stations during the Phase I sampling 
periods are presented in Appendix B. 

Twelve surface water samples (including one duplicate) were collected during low base 
flow from five locations in wac, two in First Creek, one in Fifth Creek, and two in 
Northwest Tributary. Two locations in wac and two in Fifth Creek were sampled during 
a low base storm event. During high base nonstorm flow conditions, five samples were 
collected from five locations (one each in First Creek, Fifth Creek, and Northwest Tributary, 
and two in waC). During the high base storm event, five samples were collected from five 
locations (one each in Fifth Creek, First Creek, and Northwest Tributary, and two in waC). 
Section 2 provides an overview of sampling activities. 

Samples were analyzed for radionuclides, VOCs, BNAEs, metals, pesticides, PCBs, 
cyanide, and a variety of water quality parameters. Analyses for organophosphates, 
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herbicides, and dioxins/furans were conducted on one sample from WOC station SW-6. 
Appendix B contains detailed analytical data for each surface water sample. 

An additional screening survey of First Creek was completed during September and 
October 1991 as part of the investigation into the nature and extent of the contamination 
encountered during the installation of corehole CHOO8 (see Appendix B). Because it was 
hypothesized that contaminated groundwater associated with that encountered in corehole 
CHOO8 might discharge to First Creek, samples were collected from the creek at intervals 
of approximately 50 ft between Bethel Valley Road and White Oak Avenue. Samples were 
also collected from four outfalls (ORNL numbers 341, 342, 250, and 249) and analyzed at 
the CSL for gross alpha, gross beta, gamma spectroscopy, and tritium. Appendix B presents 
the details of this survey. 

This section is organized into four subsections. Section 4.5.1 summarizes the results of 
previous surface water quality investigations performed by ORNL. Sections 4.5.2 and 4.5.3 
describe the nature and extent of radiological and chemical contamination in surface water, 
respectively, identified from the results of the Phase I investigation. Section 4.5.4 presents 
general observations concerning surface water contamination. Data from surface water 
reference location sampling are presented in Sect. 4.2. 

4.5.1 Previous Studies 

Surface water samples were collected in WOC and its major tributaries at various times 
between 1985 to 1989. Many of these samples were collected as part of a program designed 
to identify, monitor, and minimize ORNL point-source discharges to the aquatic environment. 
The samples were analyzed primarily for radionuclides (total strontium, cesium-137, cobalt-
60, and tritium), mercury, and PCBs. Some studies also analyzed transuranics. Flow 
regimes during sampling events were not identified in most of the published reports of these 
analyses; therefore, sampling conditions (storms, low base, etc.) are not reported in this 
synopsis. 

Most of the data obtained in these studies are published in the annual ORR 
Environmental Surveillance Program reports (Energy Systems 1985-1990). Other related 
data are available in reports written by F.G. Taylor, Jr. (Taylor 1989; 1990a,b). A summary 
of the data reported in these publications is presented in Table 4.5.1. Sampling locations are 
shown on Fig. 4.5.1. 

This review of previous studies is organized into the following subsections: headwater 
areas, WOC within WAG 1, First Creek, Fifth Creek, Northwest Tributary, and surface 
waters downstream of the perimeter of WAG 1. 

4.5.1.1 Headwater area surface water quality 

The headwater area of woe includes the headwaters of woe above WAG 1 as well 
as sampling locations in First and Fifth Creeks north of Bethel Valley Road (upstream of the 
WAG 1 boundary). Radionuclides, mercury, and PCBs were the main constituents of 
concern. 
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Comparison of radionuclide sampling results shows that concentrations of most 
constituents have remained at relatively constant levels. Exceptions include cobalt-60, which 
increased from less than approximately 8 pCi/L (1986 and 1897) to 24 pCi/L and49 pCi/L 
in 1988 and 1989, respectively; cesium-137, which increased from less than 8 pCi/L to 24 
pCi/L in 1988 and 1989; a total strontium anomaly of 130 pCi/L in 1987 from less than 10 
pCi/L; and tritium, which decreased through time from a maximum concentration of 70,000 
pCi/L in 1986 to 620 pCi/L in 1989. Mercury results were at or below detection limits 
throughout the multiple sampling events conducted by Taylor (1989; 1990a). PCBs were 
also at or near detection limits (Taylor 1990b). 

4.5.1.2 Fifth Creek surface water quality 

Surface water sampling events were conducted at Fifth Creek under the ORR 
Environmental Surveillance Program. The primary constituents analyzed were cobalt-60, 
cesium-137, and total strontium; limited inorganic analyses were also performed (1986). 
Taylor also analyzed mercury and PCBs in samples collected in this creek and just below its 
confluence with wac. 

Results for cobalt-60 analyses were at or below detection limits until 1989, when levels 
increased to 51 pCi/L. Cesium results also increased from < 1.3 to < 8.1 pCi/L in 1986 and 
1987 to 24 pCi/L and 14 pCi/L in 1988 and 1989, respectively. A total strontium anomaly 
(relatively low results overall with a "spike" in 1987) similar to the one found in the wac 
headwaters was noted. The maximum concentration reported for surface water in Fifth 
Creek was 810 pCilL. Mercury results also fluctuated through time, with a maximum 
concentration of 4.77 ng/mL (4.77 p.g/L) in 1988 (Energy Systems 1989; Taylor 1989). 
Zinc, nitrate/nitrogen, chromium, and PCBs either were not present or were detected at 
background levels. 

4.5.1.3 WOC surface water quality 

Point-source discharges enter, or have entered in the past, wac at various locations 
between Fifth Creek and First Creek. These discharges are (or were) from the 3500 series 
impoundments, the Process Waste Treatment Plant (PTWP) and Sewage Treatment Plant 
(STP), and the 2000 area. Additional information on point-source discharges permitted under 
NPDES and their influence on surface water hydrology is presented in Sect. 3.4 of this 
report. 

The PWTP and STP discharges were sampled from 1979 through 1986 under the 
Environmental Surveillance Program and analyzed only for strontium-90. Strontium releases 
to wac ranged from 0.3 to 33 pCi/L from PWTP and from 4 to 36 pCi/L from STP. 
Taylor collected a surface water sample at the confluence of the STP drainage area and 
wac; Aroclor-1254 levels ranged from 0.3 to 1.1 p.g/L. 

The 2000 area surface water discharge (downstream of STP) to wac was sampled in 
1987 and analyzed for cobalt-60, cesium-137, total strontium, and gross beta. Results for 
cobalt-60 and cesium-137 were less than 5.9 and 5.4 pCi/L, respectively. Total strontium 
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and gross beta results ranged from 4.0 to 73 and 20 to 32 pC ilL, respectively (Energy ( 
Systems 1988). 

4.5.1.4 First Creek surface water quality 

The constituents analyzed in samples collected in First Creek were the same as those for 
the WOC samples. The results, however, do not follow a similar trend. Cobalt-6O and 
cesium-137 concentrations were both higher in 1986 than in 1987 and increased through 1988 
and 1989 to levels greater than those detected in 1986. Total strontium levels decreased 
through the four years of surveillance sampling from a maximum of 1000 pCi/L in 1986 to 
a maximum of 510 pC ilL in 1989. Mercury and PCB results from the 1989 surveillance 
monitoring and Taylor studies were at or near detection limits. 

The 1500 area is located between First Creek and Northwest Tributary. In 1987, the 
ORR Environmental Surveillance Program obtained samples from the discharge area to 
WOC. Gross alpha was detected between 1 and 32 pC ilL, and gross beta was detected 
between 8.1 and 310 pC ilL. 

4.5.1.5 Northwest Tributary surface water quality 

Surveillance sampling of Northwest Tributary above its confluence with WOC from 
1986, 1988, and 1989 showed slightly increasing levels of cobalt-60, sporadic presence of 
cesium-137, and relatively consistent concentrations of total strontium. Maximum results for 
1986, 1988, and 1989 for cobalt-60 were less than 11, 38, and 41 pCi/L, respectively. ( 
Cesium results ranged from less than 11 to 5.4 to 24 pCi/L, respectively, and total strontium 
maximums for these three years were 68, 62, and 78 pC ilL, respectively. No mercury was 
detected and PCBs were not analyzed. 

4.5.1.6 Surface water quality downgradient of WAG 1 perimeter 

WAG 1 downgradient sampling locations included the 7500 bridge, situated at the 
southern perimeter of WAG I, locations in WOC, White Oak Dam, and the confluence of 
WOC and the Clinch River. All of these locations were investigated under the ORR 
Environmental Surveillance Program. Samples collected at the 7500 bridge were analyzed 
consistently through time for the same constituents. 

The maximum concentrations of these constituents for all four years of monitoring were 
cobalt, 760 pCi/L (1986); cesium, 2200 pC ilL (1986); total strontium, 840 pC ilL (1986); 
tritium, 590,000 pCi/L (1987), No data trends by constituent are apparent in these results, 
although it appears that tritium levels decreased over time. The highest concentrations of 
radionuclides, with the exception of tritium, were reported in the 1986 samples (Energy 
Systems 1987). 

Cobalt-6O, cesium-137, and total strontium/strontium-90 results were highest at White 
Oak Dam: cobalt-6O was detected at 1900 pC ilL, cesium-137 at a maximum of 650 pCi/L, 
and strontium-90 at a maximum of 3500 pCi/L in samples collected in 1985 and 1986. 
Tritium was highest at the WOC locations upstream of the dam. Radionuclide results 
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decreased sharply between White Oak Dam and the WaC/Clinch River confluence locations. 
Zinc, nitrate/nitrogen, mercury, and chromium were at or near detection limits. 

4.5.2 Radiological Contamination in SurCace Water 

Both man-made strontium-90 and cesium-137 and naturally occurring radionuclides were 
detected in surface water samples collected during the Phase I investigation. Radium-228 and 
uranium-234, which can be either naturally occurring or man-made, were detected above 
reference levels. The minimum and maximum concentrations and the number of occurrences 
for each radionuclide detected in WAG 1 surface water samples collected during Phase I are 
listed in Table 4.S.2. Figures 4.S.2 through 4.S.6 present the concentrations of selected 
radionuclides found in unfiltered samples; Figs. 4.S.7 through 4.S.9 show the concentrations 
in filtered samples. These figures illustrate seasonal fluctuations in the concentrations of the 
radionuclides. Figure 4.S.10 presents the flow rates at the time of sampling at locations 
SW-4 through SW-8, as well as the results of analyses for radiological parameters. These 
flow rates were calculated from USGS data and observations made at Fifth Creek, previously 
described. 

Sampling results for man-made radionuclides have been compared with both reference 
data and the MCLs promulgated under the SDWA (revised April IS, 1991). This 
comparison identifies the occurrence of surface water contamination that may be the result 
of releases from sources within WAG 1 and provides an initial focus for data discussion. 
MCLs have been established for gross alpha (IS pCi/L), tritium (20,000 pCi/L), strontium-90 
(8 pCi/L), radium (S pCi/L, the sum of radium-226 and radium-228 concentrations), and 
man-made beta (4 mrem/year). For other man-made radionuclides, a 4-mrem/year MCL 
exists. Naturally occurring radionuclides that do not have MCLs are compared with 
reference levels to determine whether detected concentrations are indicative of contamination 
from sources within WAG 1. 

It is not intended to imply that results exceeding MCLs necessarily pose a threat to 
human health or the environment under current-day exposure conditions. Nor is it intended 
to suggest that results below MCLs do not pose a potential threat. A preliminary assessment 
of the risk posed by contaminant releases from WAG 1 to potential human and environmental 
receptors is presented in the WAG 1 PRAR, which accompanies this SCSR. 

4.5.2.1 Nature and extent oC individual radionuclides 

Strontium. In all but one sample (collected from SW-S in wac during the high base 
storm event), strontium concentrations in both unfiltered and filtered surface water samples 
exceeded the SDWA MCL of 8 pCi/L. Total radioactive strontium (which includes 
strontium-89 and strontium-90) was analyzed in all high base samples and in a sample from 
01.CSOll collected during the low base nonstorm event. For clarity, the following 
discussion specifies the type of strontium analysis performed when reporting detected 
concentrations. Because the half-life of strontium-89 is short (S2 days), it is likely that most, 
if not all, of the total radioactive strontium detected is attributable to strontium-90. 
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Total radioactive strontium and strontium-90 were detected in WOC, First Creek, Fifth 
Creek, and Northwest Tributary. Total radioactive strontium was also detected in reference 
location surface water; the maximum concentration was 1.11 pCilL in an unfiltered sample. 

The highest concentrations (544 pCi/L strontium-90 at SW-7 and 475 pCi/L total 
radioactive strontium at 01.CSOll) were found in First Creek during the low base nonstorm 
sampling event (see Figs. 4.5.3 and 4.5.8). In all but one sample collected during Phase I 
(collected at location SW-5 in WOC during the high base storm event), strontium 
concentrations in both filtered and unfiltered samples exceeded the MCL of 8 pCilL. 

First Creek. Samples from First Creek station SW-7 contained the highest concentration 
of strontium-90 detected in WAG 1 surface water; the unfiltered sample collected during low 
base contained 544 pCilL, and the filtered sample contained 489 pCi/L. The next highest 
concentrations were detected in samples collected several weeks later during the low base 
storm event in First Creek (01.CS011); the unfiltered sample contained 475 pCi/L total 
radioactive strontium, and the filtered sample contained 380 pCi/L total radioactive 
strontium. 

The high base nonstorm event unfiltered sample collected at SW-7 contained total 
radioactive strontium at 142 pCi/L, and the high base storm sample contained 30.7 pCilL of 
total radioactive strontium. 

The results of a limited screening survey performed in October 1991 (Sect. 2) indicated 
that elevated gross beta activity, presumably strontium, enters First Creek via a seep near the 
contact between Chickamauga Units D and E and via two storm water outfalls (341 and 342) 
west of Building 2500. Sampling locations SW-7 and 01.CS011 are both downstream of 
these discharges. 

The contaminant flux at SW -7 was calculated using flow rate measurement data (see Fig. 
4.5.10 and Table 4.5.3) and the results for unfiltered samples for each sampling event. 
During the low base non storm flow condition, when the maximum concentration was 
measured, the flux of strontium-90 (or total radioactive strontium) in First Creek at SW-7 
was approximately 2900 pCi/s. The flux of total radioactive strontium calculated for the high 
base nonstorm event was approximately 3200 pCi/s, and the flux of total radioactive 
strontium for the high base storm event was approximately 11,300 pCils. These calculations 
indicate that significantly more strontium is transported in First Creek during a storm event 
during high base conditions, even though concentrations are an order of magnitude less than 
those detected during low base conditions. 

Nonhwest Tributary. Strontium-90 concentrations of 86.6 (unfiltered) and 83.8 (filtered) 
pCilL were detected in Northwest Tributary in low base nonstorm samples from location 
SW-8; this unfiltered concentration corresponds to a strontium-90 flux of 1400 pCils, using 
the flow rate measured (16.1 LIs) at the time of sampling. Except for samples from First 
Creek (described earlier), these are the highest concentrations detected in surface water. The 
source of strontium contamination in Northwest Tributary may be WAG 3, approximately 
3000 ft to the west. Strontium contamination has been identified in surface water and 
groundwater at WAG 3 (Webster 1976). It is also possible that a portion of the groundwater 
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contamination plume detected in CH008 underflows First Creek and discharges to Northwest 
Tributary. 

White Oak Creek. The highest strontium concentration detected in samples from WOC 
(74.6 pCi/L) was in the unfiltered sample collected at SW-6 during the high base nonstorm 
event. SW-6 Is downstream of the confluence of First Creek and WOC. Samples from 
SW -5, upstream of SW -6, contained the lowest concentrations of strontium detected in WOC, 
ranging from 4.88 pCi/L total radioactive strontium in the unfiltered sample collected during 
the high base storm event to 13.2 pCi/L strontium-90 In the unfiltered sample from the low 
base nonstorm event. The total radioactive strontium concentration of 4.88 pCi/L may be 
biased high; the associated rinsate contained a small percentage (i.e., 1.64 pCilL) of 
radioactive strontium (see Appendix C, Sect. C7). The filtered portion of the low base 
nonstorm sample from SW-5 contained strontium-90 at a concentration of 11.8 pCi/L. 

Although strontium concentrations in WOC are lower than those observed in First 
Creek, it appears that a greater flux of strontium is associated with WOC. Comparing the 
low base nonstorm strontium-90 flux in SW-7 of 2937 pCils with the low base flux of 9250 
pCils in SW-6, it is apparent that approximately half of the strontium in WOC below its 
confluence with First Creek is attributable to First Creek and Northwest Tributary (Table 
4.5.3). The other half (approximately 4900 pCi/s) is therefore attributable to WOC. 
Because the low base nonstorm flux of strontium-90 at SW -5 was only approximately 1083 
pCils, a significant quantity of strontium must enter WOC between SW-6 and SW-5. 
Sources may include a number of outfalls, SWSA 1 runoff or leachate, leaking LLLW lines, 
contaminated groundwater discharge from the main plant area, or seepage from the 
3513/3524 surface impoundments. 

Fifth Creek. SW-4 was the only location in Fifth Creek from which surface water 
samples were collected for radiological analyses. Strontium concentrations in samples from 
SW-4 ranged from 17.09 pCilL total radioactive strontium in an unfiltered sample collected 
during the high base storm event to 45 pCilL strontium-90 in a filtered sample (40.1 pCilL 
unfiltered) collected during the low base nonstorm period (see Figs. 4.5.3 and 4.5.8). 

A concentration of strontium-90 of 40.1 pCi/L at SW-4 in low base nonstorm flow 
represents a flux of approximately 1042 pCi/s, calculated using the flow rate measured during 
sampling (26 LIs). This flux is similar to that calculated for downstream location SW-5 in 
WOC during low base nonstorm flow conditions (1083 pCi/s). 

Tritium. Concentrations of tritium detected in WAG 1 surface water samples were 
below the SDWA MCL of 20,000 pCi/L (Fig. 4.5.4). The maximum of 5780 pCilL was 
found in the unfiltered sample taken from SW-6 in WOC during the high base nonstorm flow 
event; a maximum of 1120 pCi/L was present in reference samples. Tritium was not 
analyzed in filtered samples. Previous studies (Sect. 4.5 .1) reported significantly higher 
concentrations at the 7500 bridge (up to 590,000 pCi/L), approximately 100 ft upstream of 
SW-6. These earlier data indicate that there is a potential for high variability in the amount 
of tritium in WOC. 
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The highest concentration of tritium (1700 pCilL) detected in samples from First Creek ( 
was from 01.CSOll, coIlected during the low base nonstorm event. The next highest (1400 
pCilL) was detected in the low base nonstorm sample from SW-7. The high base nonstorm 
and storm samples from SW-7 contained 1360 and 790 pCilL, respectively. 

The highest concentration of tritium detected (1430 pCi/L) in Fifth Creek was from 
SW-4, coIlected during the high base storm event. Unlike First Creek, tritium concentrations 
in Fifth Creek were highest during the high base storm event and lowest during the low base 
nonstorm event. 

The' highest concentration of tritium detected (960 pCilL) in samples from Northwest 
Tributary was from SW-8, coIlected during the high base storm event. The lowest 
concentration (490 pC ilL) was detected in the high base nonstorm sample. 

Gross alpha and gross beta. Elevated alpha and beta activity was measured in samples 
from First Creek, Northwest Tributary, and WOC downstream of First Creek. Alpha 
activity was primarily attributable to naturaIly occurring radionuclides from the uranium and 
thorium series; most beta activity was attributable to strontium and, to a lesser degree, 
cesium-137, radium-228, and (possibly) potassium-40. The maximum gross alpha and beta 
values were 60.4 and 944 pCi/L, respectively, both from unfiltered samples coIlected in First 
Creek (location SW-7) during the low base nonstorm event. Maximum reference levels for 
gross alpha and gross beta were 1.6 pCi/L (unfiltered) and 2.2 pCi/L (filtered), respectively. 

Gross alpha activity in 2 of 21 unfiltered samples coIlected during the Phase I 
investigation exceeded the SDWA MCL of 15 pCi/L (see Fig. 4.5.2). The filtered 
components from these samples were the only 2 of 11 filtered samples that exceeded the 
MCL. Both samples were taken from First Creek at locations SW-7 and 01.CSOll during 
low base nonstorm sampling (see Fig. 4.5.7). 

First Creek. Samples from First Creek contained the highest concentrations of gross 
alpha and gross beta detected in WAG 1 surface water. Two samples exceeding the SOW A 
MCL of 15 pCilL for alpha activity were taken from First Creek on two occasions (October 
and November 1990) under low base nonstorm flow conditions. A sample from SW-7 
coIlected during low base nonstorm sampling had the highest gross alpha concentration (60.4 
pCilL) found among all surface water sampling locations in WAG 1. Uranium-234, an 
alpha-emitting radionuclide, was detected in the same sample at 22.7 pCilL; this 
concentration accounted for approximately half of the gross alpha activity (see Fig. 4.5.5). 
Other alpha-emitters analyzed (thorium-232, thorlum-230, thorium-228, and radium-226) did 
not account for the balance of this activity. 

The gross beta activities of 944 and 824 pCi/L found in unfiltered samples coIlected 
during the low base non storm event from SW-7 and 01.CSOll, respectively, can be attributed 
to strontium and radium-228 (see Figs. 4.5.3 and 4.5.4). 

The gross alpha and beta concentrations detected at the groundwater seep near the 
Chickamauga Unit DIE contact during the First Creek screening survey in October 1991 
were < 898 and 4400 pCi/L (unfiltered) and < 10 and < 25 pC ilL (filtered). Concentrations 
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of gross alpha and gross beta in outfall 341, located In First Creek just north of White Oak 
Avenue, were <8.7 and 1400 pC ilL, respectively, in the unfiltered sample and 43 and 1800 
pCilL, respectively, in the filtered sample.· The gross alpha and gross beta concentrations 
in the sample from outfall 342 were 200 and 13,000 pCilL (unfiltered) and 180 and 10,000 
pCi/L (filtered), respectively. Outfalls 341 and 342 are associated with the stormwater 
discharge system. The potential contaminated groundwater leakage to this system is 

. discussed in Sect. 5. 

White Oak Creek. No wac surface water samples contained gross alpha contamination 
above the SOW A MCL limit of 15 pCi/L. The highest concentrations of gross beta (and 
strontium) in wac were detected in unfiltered and filtered samples collected from SW-6 
during high base nonstorm conditions. Gross beta values significantly exceeded the 
maximum reference activity of 2.2 pCI/L at downstream wac locations 01.CS003 and 
SW-6. Gross beta activity ranged from 81.2 to 184.9 pCi/L in the unfiltered samples taken 
from SW-6 during the three sampling events. Location 01. CS003 was sampled for 
radionuclide analyses only during the low base nonstorm condition; this sample contained 131 
pCi/L gross beta. 

Fifth Creek. The gross alpha content in samples collected at SW -4 during all sampling 
events was at or below the maximum reference level of2.2 pCi/L and the MCL of 15 pCi/L. 
Gross beta activity in samples from SW-4 ranged from 25.9 to 81.8 pCi/L; the highest 
concentration was detected in the low base nonstorm sample, and the lowest was detected in 
the high base storm sample. The gross beta concentration of 81.8 pCi/L can be attributed 
to a strontium-90 concentration of 40.1 pCi/L and equal amounts of yttrium-90, assuming 
that yttrium-90, a daughter product of strontium-90, is present in secular equilibrium. 

Nonhwest Tributary. The concentration of gross alpha was below 15 pCi/L in all 
samples collected in Northwest Tributary. The maximum concentration of 8.09 pCi/L was 
detected in the filtered sample collected at SW-8 during low base nonstorm sampling. 

Radium. Radium-228 only was analyzed in samples collected during low base nonstorm 
events. Samples collected during subsequent events were analyzed for total radium (the sum 
of radium-226 and radium-228). 

Radium-228 activities ranged from 2.06 pCilL (SW-5) to 152 pCi/L (SW-7) in unfiltered 
samples and from 2.61 pCi/L (SW-5) to 123 pCi/L (SW-7) in filtered samples (see Figs. 
4.5.4 and 4.5.9). The maximum reference concentration of radium-228 was 1.77 pCi/L, 
detected in an unfiltered sample collected during low base nonstorm conditions. Samples 
from seven locations contained radium-228 in excess of this concentration. 

All sampling locations except SW-5 in wac and First Creek location 01.CSOll yielded 
samples with total radium concentrations in excess of the MCL of 5 pCi/L. The only 
detections of radium-226 were in samples from 01.CSOll collected during the low base 
nonstorm sampling event; the unfiltered sample from this location contained 0.18 pC/L, and 
the filtered sample contained 0.09 pCi/L. 
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The radium detected in samples from locations SW-4, SW-5, and 01.CSOO3 appears to ( 
be naturally occurring. The samples from SW-6, SW-7, and SW-8 may contain processed 
radium; concentrations are elevated compared with reference levels. 

First Creek. The maximum WAG 1 concentration of radium-228 (152 pCilL) was 
detected in an unfiltered sample collected at SW-7 during low base conditions. However, 
an unfiltered sample collected one month earlier at 01.CSOll, located approximately 450 ft 
downstream, did not contain radium-228. The low base nonstorm sample collected at 
01.CS0l1 contained 824 pCilL gross beta and 475 pCi/L total radioactive strontium, and the 
sample from SW-7 contained 944 pCilL gross beta and 544 pCi/L strontium-90. 

The surface water flow rate at SW -7 during both sampling events was approximately 
5.66 Lis. Consequently, it is likely that the flow rate at 01.CSOll was similar during both 
sampling events and that the difference in concentrations is not the result of dilution. There 
may be an intermittent source of radium that enters First Creek upstream of SW-7. 

Uranium and thorium series. Thorium-228 and uranium-235, -236, and -238 
concentrations detected in unfiltered and filtered samples (Table 4.5.2) were similar to those 
found in reference location samples. Other radionuclides associated with the natural thorium 
and uranium decay series were detected at concentrations well above levels found in 
reference location samples, suggesting that they are process-derived contaminants. 

First Creek. A sample from SW-7 in First Creek contained the highest gross alpha 
activity (60.4 pCi/L) detected in WAG 1 surface water samples during the low base nonstorm ( 
sampling event. Uranium-234 (22.7 pCi/L) accounted for almost half of this activity; the 
uranium-238 concentration (1. 2 pCi/L) was relatively low by comparison. Without the 
influence of uranium-238 enrichment processes, the two radionuclides should be found in 
similar concentrations in the environment. Other alpha-emitting radionuclides analyzed were 
not present at sufficient levels to account for the balance of this gross alpha activity. 
Uranium-234 was also detected in First Creek (location 01.CSOll) at a concentration of 
20.73 pCi/L during low base conditions (see Fig. 4.5.5). 

Uranium-234 was detected at 8.9 pCi/L at SW-7 during the high base nonstorm sampling 
event and at 1. 7 pCi/L at the same location during the high base storm event. The former 
concentration exceeds secular equilibrium with uranium-238, while the latter may not. The 
concentrations that exceed secular equilibrium levels may indicate the presence of man-made 
contamination. 

White Oak Creek. Thorium-232 was detected at 10.2 pCi/L in a sample collected at 
location 01.CSOO3 during the low base nonstorm sampling event. The maximum 
concentration (7.25 pCi/L) of thorium-230 detected in WAG'1 surface water was also found 
in this sample. 

Fifth Creek. Uranium-234 was detected 2.79 pCilL in a sample collected during the low 
base nonstorm event (SW-4). A sample in which a concentration of thorium-232 was 
detected at 57±46.1 pCi/L (also collected at SW-4 during high base storm sampling) was 
considered suspect because the error term was 80% of the value. In addition, the gross alpha 
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for the same sample was 1.5 ± 1.2 pCi/L, which suggests that thorium-232 was present closer 
to reference concentrations. 

Cesium. White Oak Creek. Cesium-137 was detected only in unfiltered samples 
collected from WOC (see Fig. 4.5.6). The highest concentration (109 pCi/L) was detected 
in a low base nonstorm sample collected at location 01.CSOO3. All other cesium-137 
concentrations were at or below 50.9 pC ilL. The MCL for cesium-137 is 119 pCi/L (based 
on a dosage rate of 4 mrem/year); this level was not exceeded in any samples. Cesium-137 
was not detected in reference location samples. 

The occurrence of cesium-137 in unfiltered samples and Its absence in filtered samples 
indicates that the cesium-137 in surface water is probably related to sediment particles 
suspended in the sample. It is interesting to note that the cesium-137 concentration in WOC 
bottom sediments at 01.CSOO3 was 2480 pCi/g (see Sect. 4.6.2.1) and the floodplain soils 
in this area also contained elevated cesium-137 levels ranging from 333 to 22,170 pCi/g (see 
Sect. 4.4.2). The presence of cesium-137 in these sediments and soils supports the 
interpretation that cesium-137 in surface water is derived from erosion or suspension of 
contaminated soils and sediments. 

Other /ocations. Cesium-137 was not detected in samples collected from First Creek, 
Fifth Creek, or Northwest Tributary. 

Transuranics and other radionuclides. No transuranics or other radionuclides were 
detected in any of the surface water samples. Potassium-40 was not included in the 
laboratory reports; however, it is assumed to be present because it was found in Bethel 
Valley reference soils and in a reference surface water sample at 156±91 pCi/L. 

4.5.3 Chemical Contamination in Surface Water 

The following discussion of inorganic and organic compounds' and elements detected in 
samples collected during the Phase I investigation is divided into separate sections: VOCs, 
BNAEs, metals, and other contaminants. 

Thirty surface water samples were collected from 25 locations during this investigation. 
Twenty-five of these were regular samples, three were duplicates, and twQ resulted from a 
resampling for BNAEs (one regular and one duplicate). Only unfiltered samples were 
collected for organic chemical analyses; both filtered and unfiltered samples were collected 
for metal analyses. 

Metals, BNAEs, VOCs, and cyanide were detected. No metals were detected at 
concentrations exceeding their MCLs. No organophosphorous pesticides, dioxins/furans, and 
chlorinated herbicides were detected In any surface water samples. 

The sampling results have been compared with both reference data and the MCLs 
promulgated under the SDWA (revised April 15, 1991). This comparison identifies the 
occurrence of surface water contamination that may be the result of'releases from sources 
within WAG 1 and provides an initial focus for data discussion. 
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The intent is not to imply that results exceeding MCLs necessarily pose a threat to ( 
human health or the environment under current-day exposure conditions. Nor is it intended 
to suggest that results below MCLs do not pose a potential threat. A preliminary assessment 
of the risk posed by contaminant releases from WAG 1 to potential human and environmental 
receptors is presented in the WAG 1 PRAR, which accompanies this SCSR. 

4.5.3.1 Nature and extent of VOC contamination 

Eight VOCs were detected in surface water samples collected from WAG 1 (see Fig. 
4.5.11). Chloroform, the most frequently detected VOC, was encountered in seven samples 
from five different locations; the maximum concentration was 3J p.g/L. 
Bromodichloromethane was detected in two samples from two locations, both at 11 p.g/L. 

Dichlorodifluoromethane, pyridine, trichlorofluoromethane, p-dioxane, TCE, and PCE 
were each detected once. The concentration of PCE detected in a sample from Northwest 
Tributary during low base conditions equaled the SDWA MCL of 5 p.g/L. 

Chloroform. Three samples from WOC contained chloroform in concentrations at or 
below 3 p.g/L, which is below the maximum reference value of 4J p.g/L. Chloroform was 
detected in one First Creek sample during low base nonstorm sampling at 2J p.g/L; in a Fifth 
Creek sample at 11 p.g/L; and in samples from Northwest Tributary during both high and low 
base nonstorm events (each at 2J p.g/L). 

The presence of chloroform in the reference samples and the narrow range of detected ( 
concentrations in surface water (Le., 11 to 4J p.g/L) indicates that chloroform may be a 
laboratory artifact. Another potential source of chloroform is STP, which discharges 
chlorinated effluent into WOC south of the sewage lagoons. 

Dichlorodifluoromethane and trichloronuoromethane. These compounds were each 
detected in the low base nonstorm sample from WOC (location SW -6) at 2J and 3J p.g/L, 
respectively. Neither of these freon compounds was found in reference samples, and this 
was their only occurrence. Halogenated methanes are highly volatile and uncommon in 
surface water due to rapid evaporation [Howard (1990) reports a half-life of 4.3 h in surface 
water]. Consequently, these compounds probably represent laboratory artifacts rather than 
site-related contamination. 

TCE and PCE. These chlorinated aliphatic compounds were detected only once each 
in surface water samples. TCE was detected (3J p.g/L) In an unfiltered sample from Fifth 
Creek (location SW-4) collected during low base storm conditions. PCE was detected in the 
low base flow nonstorm sample from Northwest Tributary (location SW -8) at a concentration 
of 5 p.g/L, which is equal to the SDWA MCL. 

TCE was detected in a number of groundwater monitoring wells in the central and 
western portions of WAG 1. The general absence of these contaminants from the surface 
water bodies bordering WAG 1 suggests that either (1) any TCE discharged to surface water 
is lost through dilution, volatilization, or other mechanisms or (2) the TCE in contaminated 
groundwater is not discharging to the creek. 
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Pyridine and p-dioxane. Pyridine and p-dioxane were detected in samples from WOC 
in concentrations of 711 and 89J p.g/L, respectively. These unfiltered samples were collected 
during the low base sampling event. These compounds were not detected in any of the 
reference location samples; neither has an MCL. 

4.5.3.2 Nature and extent of BNAE contamination 

Two BNAEs, N-nitroso-n-phenylbenzenamine and bis(2-ethylhexyl)phthalate, were 
detected in WAG 1 surface water at maximum concentrations of 3 p.g/L each (see Fig. 
4.5.11). In samples from WOC, both compounds were detected at or below 3J p.g/L and did 
not exceoo the maximum concentration found in reference location samples. Bis(2-
ethylhexyl)phthalate is a common plasticizer, and N-nitroso-n-phenylbenzenamine has been 
identified as a probable laboratory contaminant. 

The only BNAE detected in samples collected from Fifth Creek (location SW-4) was N­
nitroso-n-phenylbenzenamine, detected once at 2J p.g/L. No BNAEs were detected in 
samples from First Creek or Northwest Tributary. 

4.5.3.3 Nature and extent of metals 

Table 4.5.2 lists the minimum and maximum detected concentrations for each metal 
found in surface water. Many samples contained metals slightly in excess of reference 
values, but none of the concentrations exceeded MCLs. 

Aluminum. Aluminum was detected in both filtered and unfiltered samples. The 
concentrations detected in unfiltered samples ranged from 88.9 to 2190 p.g/L; the highest 
concentration was detected in a sample collected in Northwest Tributary (SW-8) during high 
base storm conditions. In filtered samples, aluminum concentrations ranged from 41 to 201 
p.g/L; the highest concentration was detected in a sample collected in Fifth Creek (SW-4) 
during low base nonstorm conditions. 

Aluminum was detected in reference samples at a maximum concentration of 44 p.g/L 
(unfiltered); it was not detected in the filtered reference samples. There is no MCL for 
aluminum. 

Arsenic. Arsenic was detected in only one filtered sample at a concentration of 2.2 
p.g/L; this sample was collected in WOC (SW-6) during the high base nonstorm condition. 
Arsenic was not detected in the unfiltered portion of this sample at a detection level of 2 
p.g/L. 

Arsenic was not detected in reference location samples. The MCL is 50 p.g/L. 

Barium. Barium was detected in both unfiltered and filtered samples. Concentrations 
in unfiltered samples ranged from 26.2 to 48.1 p.g/L. The highest concentration was detected 
in a sample collected in Fifth Creek (SW-4) during the low base nonstorm condition. In 
filtered samples, barium concentrations ranged from 16.7 to 47.7 p.g/L. The highest 
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concentration was detected in the same sample collected in Fifth Creek (SW-4) during the 
low base nonstorm condition. 

Barium was detected in reference location samples at a maximum of 44 p.g/L (unfiltered) 
and 78.4 p.g/L (filtered). The MCL is 2000 p.g/L. 

Cadmium. Cadmium was detected in only one unfiltered sample (2.5 p.g/L) from WOC 
location SW -6 during low base nonstorm conditions. It was detected in filtered samples at 
concentrations ranging from 2.2 to 2.5 p.g/L; the highest concentration was in samples 
collected in WOC (SW-6) and First Creek (SW-7) during low base nonstorm conditions. 

In reference samples, the maximum cadmium concentration was 2.8 p.g/L (filtered); it 
was not detected in unfiltered samples. The MCL for cadmium is 5 p.g/L. 

Chromium. Chromium detected in unfiltered samples ranged from 10.7 to 13.6 p.g/L; 
the highest concentration was in a sample collected in WOC (SW-6) during low base 
nonstorm conditions. In filtered samples, chromium ranged from 10.4 to 13.3 p.g/L; the 
highest concentration was in a sample collected in First Creek (SW-7) during the same low 
base nonstorm event. 

Chromium was not detected in reference samples. The MCL is 100 p.g/L. 

Copper. Copper concentrations detected in unfiltered samples ranged from 11.1 to 96.7 
p.g/L; the highest was in a sample collected in First Creek (SW-7) during low base nonstorm 
conditions. In filtered samples, concentrations ranged from 8.3 to 73.4 p.g/L; the highest 
concentration was in a sample collected in First Creek (SW -7) during the same low base 
non storm event. 

Copper was detected in reference location samples at a maximum of 12 p.g/L 
(unfiltered); it was not detected in filtered reference samples. The EPA action level is 1300 
p.g/L. 

Lead. Lead concentrations in unfiltered samples ranged from 2.1 to 13.9 p.g/L; the 
highest concentration was in a sample collected in WOC (SW-5) during the high base storm 
event. In filtered samples, lead concentrations ranged from 2.8 to 3.6 p.g/L; the highest 
concentration was in a sample collected in Northwest Tributary (SW-8) during the same low 
base nonstorm event. 

Lead was detected in unfiltered reference samples at a maximum of 3.8 p.g/L; it was not 
detected in filtered reference samples. The MCL is 15 p.g/L. 

Manganese. Manganese in unfiltered samples ranged from 14.5 to 143 p.g/L; the 
highest concentration was In a sample collected In WOC (SW-6) during the high base storm 
event. In filtered samples, manganese ranged from 11. 6 to 39.3 p.g/L; the highest 
concentration was in a sample collected in WOC (SW -6) during the same high base storm 
event. 
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Manganese was detected in reference samples at a maximum concentration of 28 p.g/L 
(unfiltered) and 16.6 p.g/L (filtered). The secondary drinking water standard for manganese 
is 50 p.g/L. 

Nickel. Nickel was detected in three unfiltered samples and one filtered sample. In 
the unfiltered samples, concentrations ranged from 5.2 to 6.3 p.g/L; the highest concentration 
was in a sample collected in WOC (SW-6) during the high base storm event. Nickel was 
detected in the filtered component of this same sample at 6.9 p.g/L. 

Nickel was not detected in reference samples. The EPA action level for nickel is 
15 p.g/L. 

Selenium. Selenium was detected (2.4 p.g/L) in only the unfiltered component of a 
sample collected in WOC (SW-6) during low base nonstorm conditions. 

Selenium was not detected in reference samples, and there is no MCL. 

Silver. Silver concentrations in unfiltered samples ranged from 10.2 to 12.3 p.g/L; the 
highest concentration was in a sample collected in WOC (SW -6) during low base nonstorm 
conditions. In filtered samples, concentrations ranged from 10.7 to 12 p.g/L, with the highest 
detected in a sample collected in First Creek (SW-7) during low base nonstorm conditions. 

Silver was not detected in reference samples. The RCRA MCL for silver is 50 p.g/L. 

Vanadium. Vanadium was detected only in unfiltered samples at concentrations ranging 
from 3.1 to 5.1 p.g/L; the highest concentration was in a sample collected in WOC (SW-6) 
during the high base storm event. 

Vanadium was not detected in reference samples, and there is no MCL. 

Zinc. Zinc concentrations in unfiltered samples ranged from 13.7 to 57.7 p.g/L; the 
highest concentration was in a sample collected in WOC (SW-6) during the high base storm 
event. In filtered samples, concentrations ranged from 10.9 to 46.1 p.g/L, with the highest 
concentration detected in a sample collected in First Creek (SW -7) during the low base 
nonstorm condition. 

Zinc was not detected in reference samples, and there is no MCL. 

Other metals. Antimony, arsenic, beryllium, cobalt, mercury, osmium, thallium, and 
tin were not detected in unfiltered samples. In filtered samples, antimony, beryllium, cobalt, 
mercury, osmium, selenium, thallium, tin, and vanadium were not detected. However, other 
metals common to surface waters were also detected. Calcium ranged from 445.2 to 51,600 
p.g/L in unfiltered samples and 25,400 to 52,200 p.g/L in filtered samples. Iron ranged 
between 70 and 2600 p.g/L in unfiltered samples and 11.4 and 27.4 p.g/L in filtered samples. 
Magnesium ranged from 113.8 to 12,500 p.g/L in unfiltered samples and 3660 to 12,600 
p.g/L in filtered samples. Potassium ranged between 599 and 1710 p.g/L in unfiltered 
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samples and 956 and 1710 p.g/L in filtered samples. Sodium ranged from 40.6 to 12,300 
p.g/L in unfiltered samples and 2410 to 12,500 p.g/L in filtered samples. 

4.5.3.4 Nature and extent of other contaminants 

Cyanide was detected in a sample collected in woe (location SW-5) during the low base 
nonstorm condition at 1.2 p.g/L, which is below the SDWA MCL of 50 p.g/L. No pesticides, 
PCBs, herbicides, dioxins/furans, or organophosphates were detected in any of the surface 
water samples. 

4.5.4 General Observations 

4.5.4.1 Radion uclides 

Both man-made and naturally occurring radio nuclides were detected during the Phase I 
RI in WOC, First Creek, Fifth Creek, and Northwest Tributary. The most frequently 
detected were strontium-90 and cesium-137, which are man-made. Radium-228 and 
uranium-234 were also detected above reference levels, but less frequently and at lower 
concentrations than strontium and cesium. While radium-228 and uranium-234 can be 
naturally occurring, it is believed that the amounts detected in samples from First Creek are 
man-made or enriched from on-site processes. 

Although strontium concentrations in surface water were highest during low base flow, 
the flux of strontium (expressed in pCi/s passing through the creek at a given point) was 
greatest during the high base storm event. The flux of strontium-90 in WOC at the Haw 
Ridge water gap was estimated to be 9250 pCi/s during low base, 20,067 pCi/s total 
radioactive strontium during high base, and 85,550 pCi/s total radioactive strontium during 
the high base storm (see Table 4.5.3). 

Approximately 50% of this flux is estimated to be contributed by First Creek and 
Northwest Tributary during low base nonstorm flow, and the nonstorm balance is estimated 
to be contributed by WOC. During high base conditions, however, First Creek and 
Northwest Tributary contribute only approximately 25 % of this flux. This indicates that 
there is a strontium source that discharges greater quantities to WOC during high base and 
high base storm flow conditions than during low base conditions. 

The known or potential sources of radiological contamination within these creeks include 
ORNL outfalls, groundwater discharge seeps, and resuspension/desorption of previously 
deposited contaminated sediment. Tentatively identified pathways through which 
contamination enters First Creek include a seep located near the geologic contact between 
Chickamauga Units D and E, approximately 350 ft northwest of Building 2069, and two 
storm drain outfalls (341 and 342), approximately 150 ft west of Building 2500. Both of the 
outfalls and the seep are sources of beta-emitting contamination, which is probably strontlum-
90, although the samples were not analyzed for strontium. 

Strontium is entering WOC between the 3513/3524 impoundments and the confluence 
of WOC and First Creek. Phase I samples from groundwater monitoring wells located 
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adjacent to these impoundments (wells 874, 875, 1100, 1102, and 1104) contained elevated 
concentrations of strontium-90 (see Sect. 4.3.2). A sample from well 875 contained the 
second highest concentration of strontium-90 detected in groundwater during Phase I; the 
filtered component contained 12,000 pCi/L and the unfiltered component contained 10,300 
pCi/L. There may be additional sources of strontium contamination, such as SWSA 1 and 
other ORNL outfalls (e.g., radiological process waste system), although sampling data 
obtained during the Phase I investigation are not adequate to identify these additional sources. 
The surface impoundments and the radiological process waste system outfall are the most 
probable sources of strontium-90 contamination to the surface water. 

In most instances, radionuclide concentrations were slightly lower in filtered than in 
unfiltered samples. Gross alpha activities in surface water were near background levels and 
below the SDWA MCL of 15 pCi/L, except for two samples from First Creek. High gross 
alpha concentrations in First Creek may be partialIy attributable to uranium-234; other 
naturalIy occurring radionuclides were not present in sufficient quantities to account for the 
remaining alpha activity, suggesting that additional man-made radionuclides were present. 

The data indicate that the presence of cesium-137 is limited to the portion of WOC 
downstream of the 3500 impoundment area. The highest concentrations of cesium-137 were 
found in samples collected during low base nonstorm conditions. Cesium-137 was not 
detected in filtered samples, suggesting that it is transported through adsorption to suspended 
sediments. Potential sources of cesium-137 include seepage from waste management units 
along WOC, discharge from outfalls, and erosion/suspension from bottom sediments and 
floodplain soils. 

Uranium-234 and radium-228 are predominantly associated with First Creek. Their 
presence may be related to the groundwater and storm drain discharge associated with the 
contamination encountered at corehole CH008. 

Tritium was also widely detected in WAG 1 surface water; in contrast with previous 
investigations, however, the detected concentrations were generalIy below reference levels 
and welI below the MCL. The maximum concentration of tritium (5780 pCi/L) was detected 
in WOC near the Haw Ridge water gap during high base (nonstorm) flow conditions. 
Tritium concentrations else where in WOC and other creeks were generaIly similar between 
high and low base flow. The increased tritium detected in the downstream portion of WOC 
during high base flow therefore reflects increased input below WOC location SW-5 and may 
indicate greater discharge (or leakage) of tritium-contaminated water from the impoundments. 

4.5.4.2 Chemicals 

Of the few VOCs and BNAEs detected, only the VOCs pyridine and p-dioxane may be 
of concern, although they were not widely or routinely detected. Metal concentrations in all 
samples were weIl below MCLs, although aluminum, arsenic, chromium, copper, lead, 
manganese, nickel, selenium, silver, vanadium, and zinc were detected above reference 
levels. Cadmium was detected below reference levels. 

~\WAG1SCSIFOUR 



4-90 

4.6 SEDIMENTS 

Surface drainage and point-source discharges from WAG 1 enter wac, Fifth Creek, or 
First Creek. In addition, groundwater within WAG 1 discharges to these creeks. Therefore 
an evaluation of point- and non-point-source releases of contamination from WAG 1 can be 
made by evaluating sediment from the creeks. Northwest Tributary was included in the 
evaluation because it converges with First Creek. 

Creek channel bottom sediment samples were collected concurrently with surface water 
samples during the low base nonstorm flow sampling event between October 16 and 22, 
1990. Ten samples were collected: five from wac (01.CSOO1 through 01.CSOO5), two 
from Fifth Creek (01.CSOO7 and 01.CSOO8), two from First Creek (01.CS010 and 
01.CSOll), and one from Northwest Tributary (01.CS012). 

Most samples were analyzed for radionuclides, metals, VOCs, BNAEs, cyanide, 
pesticides, PCBs, and sulfides. The sample from 01.CSOO3 also underwent Appendix IX 
analyses, which included herbicides and organophosphate. Samples from Fifth Creek 
locations 01.CSOO7 and 01.CSOO8 and wac location 01.CSOO1 were not analyzed for 
radionuclides. Samples from wac location 01.CSOO4 and Fifth Creek location 01.CSOO8 
were not analyzed for VOCs, and BNAEs were not analyzed in the sample collected from 
wac location 01.CSOO3. 

Section 4.6.1 summarizes the results of previous studies of sediment contamination. An 
assessment of the nature and extent of sediment contamination from the results of the Phase I 
sampling program are presented in Sects. 4.6.2 (radiological) and 4.6.3 (chemical). General 
observations are presented in Section 4.6.4. Analytical results for samples collected at 
reference locations in Fifth Creek (01.CSOO6) and First Creek (01.CSOO9) are presented in 
Sect. 4.2. 

The sampling results were compared with reference location results; this comparison 
identifies the occurrence of sediment contamination that may be the result of releases from 
sources within WAG 1 and provides a focus for data discussion. Regulatory standards for 
sediment quality, such as MCLs, have not been promulgated. 

4.6.1 Previous Studies 

Table 4.6.1 provides a summary of the results of previous studies of contaminants in 
sediments in wac and its tributaries in the area of WAG 1. The sampling locations cited 
in this table are shown in Fig. 4.5.1. 

4.6.1.1 Headwater area sediment quality 

Spalding and Cerling (1979) examined wac sediments at its headwaters in 1978 to 
assess levels of strontium-90, cesium-137, and cobalt-60. Sediments in the headwaters were 
also analyzed for mercury (Oakes 1983a; Taylor 1990a) and total organic carbon (Taylor 
1990b). Of the radioactive constituents analyzed, only strontium-90 was found above 
detection limits (nondetect to 0.7 dpm/g). Mercury was detected at levels of 0.08 ppm 
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(Oakes 1983a) to 0.063 p.g/g (Taylor 1990a). At locations farther downstream (but upstream 
of the confluence with Fifth Creek), mercury levels remained relatively constant (5.3 to 5.04 
p.g/g) through time (Taylor 1989; 1990a). TOC in headwater area sediments ranged from 
2.5 to 4.3% (Taylor 1990b). 

4.6.1.2 Fifth Creek sediment quality 

Analyses of mercury levels in Fifth Creek sediments were performed by Taylor (1989; 
1990a), who sampled sediments at locations at or below NPDESoutfalls. Mercury 
concentrations were the highest near three outfalls; concentrations ranged from 21.1 to 
155.81 p.g/g in samples from a containment box at outfall No. 362,67.5 to 112.43 p.g/g in 
sediment samples collected below outfall No. 362, and 4874 to 7427 p.g/g near outfall 
No. 261. 

4.6.1.3 White Oak Creek sediment quality 

Cerling and Spalding (1979, 1981), Taylor (1989; 1990a), and Oakes (1983a) collected 
sediment samples in wac between its confluences with Fifth and First Creeks. Spalding and 
Cerling analyzed strontium-90, cesium-137, and cobalt-60, whereas Taylor and Oakes 
investigated mercury levels. Radionuclide concentrations in sediments collected in 1978 
below the Fifth Creek confluence ranged from below detection limits to 0.7 dpm/g strontium-
90, 9 to 3409 dpm/g cesium-137, and 3 to 554 dpm/g cobalt-60. Results for these 
constituents in samples collected in 1980 above the First Creek confluence were slightly 
higher for strontium-90 (below detection limits to 22.4 dpm/g) and cesium-137 (below 
detection limit to 23,200 dpm/g). However, cobalt-60 levels were lower in the sample from 
this location (370 dpm/g). Mercury concentrations in sediment samples collected along this 
section of wac ranged from 0.4 to 19 ppm (Oakes 1983a). 

4.6.1.4 First Creek sediment quality 

Cerling and Spalding (1981) analyzed sediment samples from First Creek; they noted 
only strontium-90 and cesium-137 in the sediment at maximum concentrations of 5.5 dpm/g 
and 272 dpm/g respectively. Mercury was detected at a maximum concentration of 1.37 
p.g/g (Taylor 1990a). In samples collected in Northwest Tributary near its junction with First 
Creek, the maximum concentration of mercury detected was 0.17 p.g/g (Taylor 1989). 

4.6.1.5 Sediment quality down gradient of WAG I perimeter 

In a study of sediment quality in wac at the 7500 bridge, Daniels (1989) reported that 
cesium-137 ranged from 2300 to 290,000 Bq/kg; strontium-90 ranged from 37 to 1100 
Bq/kg; cobalt-60 ranged from 11 to 17,000 Bq/kg; and plutonium-239 ranged from 110 to 
160 Bq/kg. 

Sediments were also collected within the Clinch River below the wac confluence; the 
samples contained 5.7 pCi/g of cesium-137, 0.7 pCi/g of strontium-90, 0.49 pCi/g of cobalt-
60, and 0.022 pCi/g of plutonium-239 (Energy Systems 1989). 
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4.6.2 Radiological Contamination in Sediments 

Both naturally occurring and man-made radio nuclides were detected in seven sediment 
samples collected from seven locations (01.CSOO2, 01.CSOO3, 01.CSOO4, 01.CSOO5, 
01.CSOI0, 01.CSOn, and 01.CSOI2) at WAG I during the Phase I investigation (Figs. 4.6.1 
through 4.6.3). Naturally occurring radionuclides include those belonging to the uranium 
series (uranium-238, uranium-234, thorium-230, radium-226) and the thorium series 
(thorium-232, radium-228, thorium-228). The concentrations of radium-226 and -228, and 
thorium-228, -230, and -232 were near or below the maximum concentrations detected in 
reference; location samples. Concentrations of uranium-238 and uranium-234 ranged from 
0.77 to 3.52 pCi/g and 0.96 to 4.47 pCi/g, respectively; neither radio nuclide was detected 
in reference location samples. 

Man-made radionuclides detected in sediment samples include cobalt-60, sodium-22, 
europium-154, europium-152, iodine-129, cesium-134, cesium-137, strontium-90, 
calcium-45, and iron-55. Cobalt-60 was detected in four samples; the maximum 
concentration was 12.6 pCi/g in the sample collected in WOC (location 01.CSOO5). The 
transuranic radio nuclides detected in sediments were americium-241, curium-242, and 
curium-243!244. 

The maximum detected concentration of strontium-90 was 67 pCi/g, and the maximum 
detected concentration of cesium-137 was 2480 pCi/g. Strontium-90 and cesium-137 were 
the only man-made radionuclides detected in reference samples, where their maximum ( 
concentrations were 2.81 and 1.13 pCi/g, respectively. Seven samples contained 
concentrations of strontium-90 in excess of reference levels; only the sample collected at 
WOC location 01.CSOO2 contained strontium-90 below reference levels. Eight samples 
contained concentrations of cesium-137 in excess of reference levels. 

The minimum and maximum concentrations, number of samples, and associated detects 
and nondetects for the radiological constituents are presented in Table 4.6.2. 

4.6.2.1 Nature and extent of individual radiological parameters 

Strontium. The concentrations of strontium-90 detected in sediment samples are shown 
in Fig. 4.6.2. The highest concentration was in samples collected in WOC; samples from 
locations 01.CSOO4 and 01.CSOO5 contained 46.2 and 67 pCi/g, respectively. The sample 
from WOC location 01.CSOO2 contained strontium-90 at 1.2 pCi/g, which was below the 
maximum reference level. Strontium-90 was detected in First Creek sediment at locations 
Ol.CSOlO and Ol.CSOn at 16.7 and 18 pCi/g, respectively. In a sample collected at 
Northwest Tributary location 01.CSOI2, strontium-90 was detected in a concentration of 4.08 
pCi/g. 

Tritium. Tritium was not detected in any WAG 1 or reference sediment samples. 

Gross alpha and gross beta. The activities associated with gross alpha and gross beta 
detected in sediment samples are shown in Fig. 4.6.1. Samples from WOC locations 
0l.CSOO3, 01.CSOO4, and 01.CSOO5 contained the highest gross alpha and gross beta 
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activities among all sediment samples. Gross alpha ranged from 76.6 to 135 pCi/g in the 
samples from these three locations; the sample from 01.CSOO4 contained the highest activity. 
Gross beta ranged from 896 to 1910 pCi/g; the highest was in the sample from location 
01.CSOO3. 

The sum of the concentrations of beta-emitters (Le., cesium-137, radium-228, and 
strontium-90) detected in the samples collected at location 01.CSOO5 was 1913 pCi/g; this 
exceeds the gross beta activity (1110 pCi/g) detected In this sample. Otherwise, the sum of 
beta-emitting radionuclides detected in samples from other locations is within the reported 
uncertainty range of gross beta measurements. 

The majority of the gross alpha activities in the samples collected at locations 01.CSOO2 
through 01.CSOO5 cannot be accounted for by the detected concentrations of americium-241, 
curium-234/244, and naturally occurring radionuclides (radium-226, thorium-228!230/232, 
and uranium-234!238). This indicates that one or more additional alpha-emitting 
radionuclides were present in these samples. 

Gross alpha and gross beta activities in samples from First Creek ranged from 
undetected to 22.3 pCi/g and 13.5 to 72 pCi/g, respectively. The sample from location 
01.CS010 contained the highest gross alpha, aild the sample from location 01.CS0l1 
contained the highest gross beta. In the sample from 01.CS0l1, cesium-137 was detected 
in a concentration of 66.6 pCi/g, which accounted for the majority of the gross beta activity. 
However, the majority of gross alpha activity detected in the sample from 01.CS010 (22.3 
pCi/g) was not accounted for by the detected concentrations of alpha-emitting radionuclides. 
No transuranic radionuclides were detected in sediment samples collected in First Creek. 

Gross alpha and gross beta activities in Northwest Tributary location 01.CS012 were 
13.3 and 20.5 pCi/g, respectively. Transuranics were absent from this sediment sample. 

Radium. The maximum concentrations of radium-226 and radium-228 detected in 
WAG 1 sediment were in samples collected from WOC.Radium-226 was detected at a 
maximum concentration of 0.66 pCi/g (location 01.CSOO2), and radium-228 was detected at 
1.41 pCi/g (location 01.CSOO5). These levels are likely attributable to the presence of 
naturally occurring radionuclides, because the concentrations of radium-226/228 are both 
comparable to reference levels and are in secular equilibrium with uranium-238 and thorium-
230. The maximum reference location levels for these radionuclides were 0.71 pCi/g 
(radium-226) and 0.53 pCi/g (radium-228). 

Cesium. The concentrations of cesium-137 detected in WAG 1 sediment samples are 
shown in Fig. 4.6.3. In WOC, cesium-137 ranged from 923 to 2480 pCi/g at locations 
01.CSOO3, 01.CSOO4, and 01.CSOO5. The maximum concentration found outside of WOC 
(66.6 pCi/g) was in a sample from First Creek (location 01.CS0l1). 

Cesium-137 was detected at 1.73 and 66.6 pCi/g in samples collected at First Creek 
locations 01.CS010 and 01.CS0l1, respectively. The concentration of cesium-137 detected 
at Northwest Tributary location 01.CS012 was 1.45 pCi/g, which is comparable to the 
maximum reference level detected (1.13 pCi/g). 
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Cesium-134 was detected in one sample from WOC location 01.CSOO4 at a concentration 
of 0.608 pCilg. 

Transuranic radionuclides. Americium-241, curium-242, and curium-2431244 were 
detected only in wac sediments. The maximum concentration of curium-242 was 12.5 
pCi/g in a sample from 01.CS003; this sample also contained the maximum detected 
concentration of curium-243 and/or 244 (15.1 pCi/g). Americium-241 was detected at a 
maximum concentration of 5.1 pCi/g in a sample from 01.CS005. 

Other radionuclides. Seven additional man-made radionuclides were detected in 
sediments collected in WOC; none were detected in reference location samples. Cobalt-6O 
was detected at concentrations of 1.05 pCilg at 01.CS002, 8.71 pCilg at 01.CSOO4, and a 
maximum of 12.6 pCi/g at 01.CS005. It was not detected at 01.CS003. 

Sodium-22 was detected in concentrations ranging from 0.14 to 0.815 pCi/g in samples 
from three locations in WOC (01.CS002, 01.CSOO4, and 01.CS005). Iron-55 was detected 
once in a sample from wac location 01.CS003 at 26 pCi/g; iodine-129 and calcium-45 were 
detected in this same sample at 0.202 pCi/g and 5.2 pCi/g, respectively. 

Europium-152 and -154 were detected in samples from two locations; the sample 
collected at 01.CS004 contained 4.81 and 2.16 pCi/g, and the sample collected at 01. CS005 
contained 2.57 and 2.04 pCi/g, respectively. 

4.6.3 Chemical Contamination in Sediments 

Few TCL VOCs and BNAEs were detected in sediment samples (Fig. 4.6.4). Eight 
VOCs were detected in concentrations ranging from 1 to 30 ltg/kg; the VOC with the highest 
concentration was acetone, detected in a sample from First Creek at 30 ltg/kg. Fourteen 
BNAEs were detected; most were PAHs, with concentrations between 200J and 12,000 
ltg/kg. The PAH with the maximum concentration was benz(e)acephenanthrylene, detected 
in a sample from wac (location 01.CS002) at 12,000 ltg/kg. One or more PCBs (Aroclor-
1260, -1254, or -1248) were found in eight sediment samples at concentrations ranging from 
410 to 12,000 ltg/kg. The herbicide HxCDF was found in a WOC sediment sample at a 
concentration of 0.93Itglkg. Organophosphates and cyanide were not detected. Chromium, 
copper, lead, and mercury were detected at concentrations over twice those detected in 
reference location samples. The minimum and maximum concentrations, number of samples, 
and associated detects for the chemical constituents are presented in Table 4.6.2. 

4.6.3.1 Nature and extent of VOC contamination 

VOCs were encountered in six of the eight samples analyzed for VOCs. Of the eight 
VOCs detected, only two had concentrations greater than 8 ltg/kg. Acetone was detected 
twice, in concentrations of 17 and 30 ltg/kg. Tetrachloroethylene (PC E) was detected in a 
sample from First Creek (location 01.CS010) at 18 ltg/kg. VOCs detected at concentrations 
below 8 ltg/kg were toluene, methylene chloride, methylisobutylketone, chlorobenzene, and 
carbon disulfide. 
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4.6.3.2 Nature and extent of BNAE contamination 

Fourteen BNAEs were identified in samples collected from six locations. BNAEs were 
not detected at two locations (01.CSOI0 and 01.CSOll), and the sample from 01.CS003 was 
not analyzed for BNAEs. Three of the detected BNAEs, all phthalates, [Le., bis(2-
ethylhexyl)phthalate, di-n-butyl phthalate, and dioctyl ester phthalic acid] are common 
plasticizers. Only bis(2-ethylhexyl)phthalate was detected in the reference samples at a 
maximum concentration of 93J p.g/kg. 

Bis(2-ethylhexyl)phthalate was detected in samples from three locations in concentrations 
that exceeded reference levels: WOC locations 01.CSool (200J p.g/kg) and 01.CS002 (930J 
p.g/kg) and Northwest Tributary location 01. CS012 (1300 p.g/kg). Di-n-butyl phthalate was 
detected in only one sample (WOC location 01.CSOO4), at 630J p.g/kg, and dioctyl ester 
phthalic acid was also detected in only one sample (Northwest Tributary location 01.CSOI2), 
at 83J p.g/kg. 

The remaining 11 BNAEs were PAHs ranging in concentration from 130 to 9800 p.g/kg, 
with most values estimated. None of the PAHs were found in the reference samples. 

The PAHs are present in all WOC samples and one Fifth Creek sample, but are notably 
absent in First Creek and Northwest Tributary samples. The sample collected from WOC 
location 01.CSool, which is approximately 75 ft upstream of the WAG 1 boundary, contains 
PAH concentrations comparable to those in downstream samples. This pattern suggests that 
PAHs have accumulated in creek sediments through stormwater runoff from multiple source 
areas within the WOC and Fifth Creek watershed. Many of these compounds are by­
products from coal combustion or are associated with vehicle parking lot and asphalt surface 
runoff. Their absence in samples from First Creek and Northwest Tributary might be related 
to a lower density of asphalt in the area that drains to First Creek and Northwest Tributary. 

4.6.3.3 Nature and extent of other organic contamination 

The PCB Aroclor-126O was detected in four of the nine samples analyzed for this 
compound; concentrations ranged from 570J to 3100J p.g/kg. The maximum concentration 
was detected in a sample from WOC location 01.CS002. Aroclor-1254 was detected at 
2100J and 460J p.g/kg in two WOC sediment samples, at 410J and 630J p.g/kg in samples 
from Fifth Creek, and at 12,0001 and 1800J in samples from First Creek. Aroclor-1248 was 
detected in one sample from Fifth Creek in a concentration of 620J p.g/kg. No PCBs were 
detected in reference samples. 

The pesticide HxCDF was detected at a concentration of O. 93J p.g/kg in the only sample 
collected for Appendix IX analysis; this sample was from WOC at location 01.CS003. 

4.6.3.4 Nature and extent of metal contamination 

Figures 4.6.5 through 4.6.8 present the concentrations of the six metals most frequently 
detected in WAG 1 sediments. Cadmium, chromium, copper ,lead, mercury, and silver were 
frequently detected at concentrations above reference location levels. 
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Cadmium was detected in reference location samples at a maximum concentration of 
2000 /Lg/kg (see Fig. 4.6.5). This level was exceeded in all sediment samples collected in 
wac, First Creek, Fifth Creek, and Northwest Tributary. The maximum concentration 
(4300 /Lg/kg) was detected in a sample from Fifth Creek location 01.CS008. 

The maximum concentration of chromium detected in sediment samples (see Fig. 4.6.5) 
was 145,000 /Lg/kg in a sample from wac; another sample from wac had a concentration 
of 94,200 /Lg/kg. Chromium was also elevated in a sample from Fifth Creek (96,000 /Lg/kg). 
Chromium in the sample from Northwest Tributary was below the maximum reference level 
of 40,200 /Lg/kg. 

Copper concentrations varied widely (see Fig. 4.6.6), although all samples exceeded the 
maximum reference concentration of 4500 /Lg/kg. The maximum (107,000 /Lg/kg) was 
detected in a sample from First Creek location 01.CSOI0. Samples from wac were also 
significantly above the maximum reference level. 

Lead was also detected in sediment samples in excess of reference levels. A maximum 
concentration of 103,000 /Lg/kg was detected in sediment from Fifth Creek location 01.CS008 
(see Fig. 4.6.6). Concentrations of 88,600 and 71,700 /Lg/kg were found in samples from 
First Creek location 01.CSOI0 and wac location 01.CS002, respectively. 

Mercury was detected in all wac sampling sites downstream of the Fifth Creek 
confluence; concentrations ranged from 3800 to 7900 /Lg/kg (see Fig. 4.6.7). The reference ( 
location level of 120J /Lg/kg was also exceeded at wac location 01.CSOOI (140 /Lg/kg) and 
in one sample from Fifth Creek (170 /Lg/kg). 

Silver was detected in all WAG 1 samples but was not detected in reference samples. 
The maximum concentration detected was 197,000 /Lg/kg at location 01.CS004 in wac (Fig. 
4.6.7). 

4.6.4 General Observations 

Both man-made and naturally occurring radionuclides were detected in sediment samples 
from WAG 1. Radionuclides associated with the natural uranium and thorium decay series 
were detected at concentrations within reference ranges and are not considered site 
contaminants. 

Of the man-made radionuclides detected (cesium-137, cobalt-60, and strontium-90), 
cesium-137 was detected most frequently. All man-made radionuclides, including the 
transuranics americium-241, curium-242, and curium-243/244, were detected at 
concentrations exceeding reference levels, indicating that these are site contaminants. 

The maximum concentration of cesium-137 detected (2489 pCi/g) was lower than the 
maximum concentration reported in previous studies [10,000 pCilg, reported in Cerling and 
Spalding (1981)], although the sampling locations were not coincident. However, the 
concentrations of cesium-137 and strontium-90 detected in samples from each creek, 
including reference locations, are generally within the same order of magnitude as the results 
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from previous studies. One exception is First Creek, were strontium-90 was detected at 16 
and 18 pCi/g in two samples, whereas Cerling and Spalding (1981) reported concentrations 
ranging from nondetect to 5.5 dpm/g (2.48 pCi/g). While this is not clear evidence of an 
increase in strontium-90 contamination, its presence in sediment samples is consistent with 
the pattern of strontium-90 contamination found in First Creek surface water and related 
groundwater sampling (see Sects. 4.3 and 4.5). 

A greater difference is seen in the concentrations of cobalt-6O detected in sediments 
collected during the Phase I investigation compared with those reported in previous studies. 
The max,imum cobalt-6O concentration detected in samples from wac was 12.6 pCi/g, 
whereas in previous studies, cobalt-6O was detected at 250, 167, and 460 pCi/g. This 
suggests either that the cobalt-6O loading in surface water has declined or that the 
contaminated sediments have been transported farther downstream or covered with 
less-contaminated sediment. 

A number of man-made radionuclides were detected in samples collected during Phase I 
that were not reported in previous studies of sediment quality: sodium-22, iron-55, iodine-
129, and calcium-45. These radionuclides were only detected in samples collected from 
wac. Iron-55, iodine-129, and calcium-45 were detected in the sample collected at location 
01.CSOO3, while sodium-22 was detected in samples collected both upstream and downstream 
of this location. Calcium-45 has the shortest half-life (165 days) of these radionuclides; its 
presence in sediments suggests that there is a new or chronic release of this radio nuclide. 
Additional analysis of potential source areas for calcium-45 would aid in determining whether 
there is a chronic release point. 

VOC compounds detected were at concentrations near detection limits; however, PAHs 
were detected in samples throughout wac and in Fifth Creek. Six metals (Le., cadmium, 
chromium, copper, lead, mercury, and silver) were detected above reference levels. 

The concentrations of mercury detected were comparable to those reported in previous 
studies, although the maximum concentrations found in previous studies at locations 
associated with outfalls into Fifth Creek were not encountered. This difference is likely due 
to the selection of sampling locations and should not be viewed as an indication that the high 
concentrations of mercury detected in previous studies [e.g., 4874 to 7427 ltg/kg near outfall 
261 (Taylor 1990a)] have dissipated. 

The absence of mercury in sediment samples collected in wac above the confluence 
with Fifth Creek indicates that discharge or groundwater seepage into Fifth Creek is the 
major pathway for mercury contamination of wac. However, previous studies (see 
Sect. 4.6.1) found mercury in the portion of wac above its confluence with Fifth Creek. 

Because data from previous studies on cadmium, chromium, copper, and lead were not 
available, it is not possible to comment on trends in metal contamination of sediments. 
Sediments from First Creek contained the greatest concentration of copper, and sediments 
from Fifth Creek contained the greatest concentration of cadmium. 
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With the exception of PARs, it appears that organic contamination is not present in the ( 
sediments at WAG 1. Concentrations of PARs, which ranged from 200J to 12,000 I'g/kg, 
may be attributable to parking lot and asphalt surface runoff (e.g., oils) or the accumulation 
of by-products from coal combustion. 
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Sample:> TCL TCL TAL "",.IX App. IX App. IX n;~ 

1..ocation" No. VOC BNAE m~ls vac BNAE """"' Hero. Pest.lPC& OPP .~ "',. Cyanide Sulfide Aci~ Cori>. Bi~rb. TPS = TOC TOX n<N 

So' 
Ol.5CBGI 0048 X X X X 

Ol.SCBG2 0050 X X X X 

Ol.5CBG3 0124 X X X X X X X X X X 

O}..5CBG4 0123 X X X X X X X X X X 

Ol.BVOI 0029 X X X X X X X X X X 

Ol.BV02 0010 X X X X X X X X X X 

Ol.BVOl 0059 X X X X X X X X X X 

OI.BV03 0060 X X X X X X X X X X 

Ol.BV03 0061 X X X X X X X 

Ol.BV04 0042 X X X X X X X X X X 

Ol.BV08 168' X X X X X X 

Ol.BV09 " ... X X X X X X 

Ol.BV09 1685· X X X X X X 

01.FCBGI 0053 X X X X 

Ol.FCBG2 0126 X X X X X X X X X X 

Ol.FCBG3 0125 X X X X X X X 

Ol.WCBGl 0054 X X X X 

Ol.WCBG3 0055 X X X X 

OI.WCBG4 - X X X 

"Loc.IliOllllllf'C ahown OD Fig.:. 4.2.1 aod 4.2.2.. 
"Dup1ie.o1C Simple. 

NOTE: This cable WIIS cte.a:lcd ....... lIUally. The ~ble:> WIIS thCZl verified IIg.o.iDllt prlmouts of the RIfFS datil tables Ii) verify ""hich llnu.iy!<t;J wen: performed On CIIeh SIUtIple. 
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Table 4.2.2. Regulations and guidelines specific to water and soil 

1 , 1-Dichloroethane 
1,I-Dichloroethene 
1,I-Dichloroethene (cis) 
1 ,1 , I-Trichloroethane 
1,1,2-Trichloroethane 
1,1,2,2-Tetrachloroethane 
1,2-Dibromo-3-Chloropropane 
1,2-Dichlorobenzene 
1,2-Dichloroethane 
1,2-Dichloroethylene (cis) 
1,2-Dichloroethylene (trans) 
1,2-Dichloropropane 
1,2-Diphenylbydrazine 
1,2,4-Trichlorobenzene 
1,2,4,5-Tetrachlorobenzene 
1,3-Dichlorobenzene 
1 ,3-Dichloropropane (cis) 
1,3-Dichloropropane (trans) 
1,3-Dichloropropene (cis) 
1,3-Dichloropropene (trans) 
1,4-Dichlorobenzene 
2-Butanone (Methylethylkeytone) 
2-Chloronapthalene 
2-Chlorophenol 
2-Hexanone 
2-Methyl-4,6-Dinitrophenol 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
2,3,7,8-Tetrachlorodibenzo-p-dioxin 
2,4-Dichlorophenol 
2,4-Dichlorophenoxyacetic acid (2,4-d) 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,4,5-Trichlorophenol 
2,4,5-Trichlorophenoxypropionic acid 
2,4,6-Trichlorophenol 
2,6-Dinitrotoluene 
3-Methyl-4-chlorophenol 
3-Nitroaniline 
3,3-Dichlorobenzidine 
3,4-Benzofluoranthene 
4-Bromophenyl-phenylether 
4-Chloro- 3-methylphenol 
4-Chloroaniline 
4-Chlorophenyl-phenylether 
4-Methyl- 2-pentanone 
4-Methylphenol 

SDWAMCL 
(p.g/L) 

7' 

200' 
5' 

0.2' 
6fXi' 
5' 
70' 
100' 
5' 

9' 

75' 

0.00005 

7r1 

sri 

'RCRA limits 
(p.g/kg) 

10,000 

7,000,000 

40,000 

8,000 

900 
2,000 , 000 

20,000 

20,000 
20,000 

4,000 , 000 

400,000 

0.065 

200,000 
800,000 

200,000 

8,000 ,000 

40,000 
1,000 

2,000 
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Table 4.2.2 (continued) 

SOWA MCL 'RCRA limits 
( 

(Jtg/L) (Jtg/kg) 
2,4,5-Trichlorophenoxyacetic acid 10 800,000 
4-Nitroaniline 
4-Nitrophenol 
4,4'-000 3,000 
4,4'-00E 2,000 
4,4'-DOT 2,000 
4,6-0initro- 2-methylphenol 
Acenaphthene 0.15 
Acenaphthylene 
Acetone 8,000,000 
Acrolein 
Acrylamide 'IT'J 200 
Acrylonitrile 1,000 
Adipates 500 
A1achlor 2' 
A1dicarb 3' 100,000 
A1dicarb Sulfanone 2' 
A1dicarb Sulfoxide 4' 
Aldrin 40 
Aluminum 87 
Ammonia (PH dependent) (PH dependent) 
Anthracene 0.085 
Antimony 1015' 30,000 ( 
Arsenic Sri' 80,000 
Asbestos 7 Mfig/L' 
Atrazine 3' 
Barium 2,000' 4,000,000 
Benzene S· 
Benzidine 3 
Benzyl alcohol 
Benzoic acid 
Benzo(a)anthracene O.I'J 
Benzo(a)pyrene 0.2' 
Benzo(b)fluoranthene 0.2'J 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 0.2'J 
Beryllium I' 200 
BHC-a1pha 
BHC-beta 
BHC-delta 
BHC-gamma (Lindane) 0.2' 500 
Bis(2-Chloroisopropyl)ether 
Bis(2-Chloroethoxy)methane 
Bis(2-Chloroethyl)ether 600 
Bis(2-Ethylbexyl)phthalate 4' 50,000 
bis-(Chloromethyl) ether 
Bromodichloromethane 500 
Bromoform 2,000,000 
Bromomethane 100,000 
Butybenzylphthalate l' 20,000,000 
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Table 4.2.2 (continued) 

( SDWAMCL 'RCRA limits 
(pg/L) (pg/kg) 

Cadmium S 40,000 
Carbofuran 4(j 

Carbon tetrachloride 5" 5,000 
Chlordane-alpha (total) 2· 500' 
Chlordane-gamma (total) 2· 500' 
Chlorine 
Chlorobenzene HXY 2,000,000 
Chloroethane 
Chloroform (Tric~loromethane) 100,000 
Chloromethane (Methyl chloride) 
Chlorpyrifos 0.041 
Chlorodibromomethane 
Chromium (III) 100" 
Chromium (IV) 400,000' 
Chrysene 0.2'/ 
Cobalt 
Copper 1,300 
Cyanide 200' 2,000 , 000 
Dalapon 200 
Demeton 0.1 
Dibenzofuran 
Dibenzo(a,h)anthracene 0.3' 
Dibromochloromethane 
Dichlorodifluoromethane 20,000,000 
Dieldrin 40 
Diethylphthalate 60 , 000,000 
Dimethylphthalate 
Di-n-Butylphthalate 4' 8,000,000 
Di-n-Octylphthalate 4' 
Dinoseb 7 
Diquat 20 
Endosulfan I 4,000' 
Endosulfan II 4,000' 
Endosulfan sulfate 4,000' 
Endothall 100 2,000 , 000 
Endrin 21"'· 0.2 20,000 
Endrin ketone 
Epichlorohydrin 'IT" 70,000 
Ethyl benzene 700> 8 ,000,000 
Ethylene dibromide 0.05· 8.0 
F1uoranthene 
Fluorene 
Fluoride 4,000' 
G1yphosate 700 
Halomethanes 
Heptachlor 0.4· 200 
Heptachlor epoxide 0.2· 80 
Hexachlorobenzene l' 
Hexachlorobutadiene 90,000 
Hexachlorocyclohexanes-alpha 100 
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Table 4.2.2 (continued) 

'RCRA limits 
( 

SDWA MCL 
(pg/L) (pg/kg) 

Hexachlorocyclohexanes-heta 4,000 
Hexachlorocyclohexanes-gamma 0.2' 
Hexachlorocyclopentadiene 50' 
Hexachloroethane 80,000 
Hydrogen Sulfite 200,000 
Indeno(l ,2 ,3 -cd)pyrene 0.4'1 
Iron 
Isophorone 2,000,000 
Lead 15 
Magnesium 
Mercury (inorganic) 7!'.d 20,000 
Methyl Bromine 
Methyl Chloride 
Methylene chloride 5 90,000 
Monochlorobenzene 2,000,000 2,000,000 
Naphthalene 
Nickel 2,000,000' 
Nitrate 10,000 {as N)'.d 
Nitrate + Nitrite 10,000 (as N)' 
Nitrite 10,000 (as N)' 
Nitrobenzene 
Nitrogen Dioxide 80,000,000 
n-Nitrosodimethylamine ( 
n-Nitroso-di-n-propylamine 
n-Nitrosodiphenylamine 100,000 
n-Nitrosopyrrolidine 300 
o-Dichlorobenzene 60CI 
Oxamyl (Vydate) 200 
PAH's 
Parathion 500,000 
PCBs 0.5'" 90 
p.dichlorobenzene 75 
Pentachlorobenzene 60,000 
Pentachlorophenol 1.0 2,000,000 
Phenanthrene 
Phenol 50,000,000 
Phthalates 4 
Picloram 500 
Pyrene 
Selenium Sr:J.d 
Silver 200,000 
Styrene lorJ 20,000,000 
Sulfides 
Tetrachloroethene 5' 10,000 
Thallium 2/1' 
Toluene (Methyl benzene) l,oorJ 20,000,000 
Toxaphene 3'.d 600 
Trichloroethylene 5' 60,000 
Trichlorofluoromethane 20,000,000 
Trihalomehtanes (total) 100'" 



( 

Vanadium 
Vinyl Acetate 
Vinyl chloride 
Xylenes (total) 
Zinc 
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Table 4.2.2 (continued) 

SDWA MCL 
(pg/L) 

2' 
10,000" 

'RCRA limits 
(pg/kg) 

2,000,000,000 

'55 FR 30865-30867 (July 27, 1990). Appendix A of proposed RCRA Part 264, Subpart S. 
°52 FR 25690 (July 8, 1987). 
°56 FR 3526 (January 30, 1991), effective July 30, 1992. 
<55 FR 30370 (July 25, 1990), proposed. Two MCLs are based on two practical quantitation limits. 
<>rile final MCUMCLG was set for this chemical (56 FR 3526, January 30, 1991) and supercedes the 

orignal interim SDWA MCL. Effective July 30, 1992; interim MCLs remain in effect until that time. 
'Treatment technology. 
'In addition to an MCUMCLG for benzo(a)pyrene, EPA proposes, as a second option for public comment, 

MCUMCLGs for these PAHs. 
'56 FR 30266 (July 1, 1991). Effective January 1, 1993. 
'40 FR 59570 (December 24, 1975). 
'The interim MCL was revoked for this chemical (56 FR 3526, January 30, 1991). 
'MCL-51 FR 11396 (April 2, 1986); applies to community water systems only. MCLG-50 FR 47141 

(November 14, 1985). 
'Total trihalomethanes refers to the sum of the concentrations of chloroform, bromodichloromethane, 

dibromochloromethane. 
'RCRA action levels do not differentiate alpha and gamma chlordane. 
MMCL listed in for total chromium. 
"RCRA action level for chromium (VI) only. 
"RCRA action levels do not differentiate endosulfan I, endosulfan II, and endosulfan sulfate. 
'55 FR 30865-30867 Appendix A of proposed RCRA Part 264 Subpart S, July 27, 1990. 



Table 4.3.1. Previous groundwater studies at WAG 1 

Source Sample location Parameter Concentration Units Map Ref. No.-

Duguid 1975 SWSA I, WelIl-1 Sr-90 :S:0.5 dpm/mL 24 
Cs-137 :S:2.1 1}O2 dpmlmL 

SWSA I, WelI 1-2 Sr-90 0.4 dpmlmL 
Cs-137 :S:2.7 E-02 dpmlmL 

SWSA I, Seep I-I Sr-90 :S:4.6 E.{)2 dpmlmL 
Cs-137 :S: 1.9 E-02 dpmlmL 

Stansfield and Francis 1986 Downgradient WelIs at Impoundment 3513 As 0.001-0.004 mg/L 25 
Ba 0.059-0.52 mg/L 

Cd 0.001-0.002 mgIL 
CI 6-35 mgIL 

Cr 0.016-1.2 mglL 
Endrin 0.0001 mg/L 
F I mg/L 

""" • 
Gross Alpha 0.03-3.9 BqIL --
Gross Beta 1.4-54 BqIL 0 

Fe 5.6-72 mgIL 

Ph 0.003-1.4 mglL 
Lindane 0.0001-0.001 mg/L 
Mn 2.7-5 mg/L 

Hg 0.0001-0.0005 mg/L 

Methoxychlor 0.0002 mglL 

NO, 2-5 mg/L 

PCBs 0.0001 mg/L 

Phenol 0.001-0.007 mg/L 

Se 0.005 mg/L 

Ag 0.07 mgIL 

Na 25-37 mg/L 

SO. 5-22 mg/L 

TOC 1.46-10 mg/L 

TOX 0.022-0.08 mglL 
Toxaphene 0.002 mglL 

H3 2200-3600 BqlL 
~ 



Table 4.3.1 (continued) 

Source Sample location Parameter Concentration Units Map Ref. No.-

2,4,5-TP (Silvex) 0.005.{).01 mgfL 
2,4-D 0.005'{)'(Xl9 mglL 
Cs-137 0.0001-1.04 Bq/L 
Pb-214 3.51-10.6 BqfL 
Ra-226 0.OOS.{).14 BqfL 
Sr-90 0.4-26 BqfL 

Energy Systems 1986 Impoundment 3524 2,4,5-TP (Silvex) <0.01 mgIL 16 
2,4-D <0.01 mg/L 
Ag <0.005 mgIL 
As <0.01 mg/L 
Ba <1.0 mgIL 
Cd <0.002 mgfL 
Cl 4.7-12 mgfL .j>. 

Co-60 <0.01.{).013 pCilmL 
, .... .... 

Cr <0.02 mgfL .... 
Cs-137 < O.OOS'{).013 pCilmL 

Endrin <0.0002 mgIL 

F <1.0 mgIL 

Fe 0.09-2.1· mg/L 

Gross Alpha 0.0016-1.4 pCilmL 
Gross Beta <0.0027-5.1 pCi/mL 

Hg <0.0001 mg/L 

Lindane <0.002 mgIL 
Methoxychlor <O.OOS mg/L 

Mn 0.22-3.5 mgfL 

Na 15-22 mg/L 

NO, <5.0 mgIL 

Pb < 0.02'{).053 mgfL 

Phenols <0.001 mgfL 

Ra (total) < O.OOOI'{).OOOS pCi/mL 

Se <0.005 mglL 

SO. 14-110 mglL 



Table 4.3.1 (continued) 

Source Sample location Parameter Concentration Units Map Ref. No.-

TOC 1.3-4.1 mg/L 
TOX 0.0l3-{).052 mglL 
Toxaphene <0.005 mgIL 

Impoundments 3539 and 3540 2,4,5-TP (Silvex) <0.01 mgIL 
2,4-D <0.01 mglL 
Ag <0.005 mg/L 
As <0.01 mglL 
Ba <1.0 mgIL 

Cd <0.002 mgIL 

CI 5.2-13 mgIL 
Co-60 <0.01l-{).017 pCilmL 
Cr <0.02 mg/L 
Cs-137 <0.008-0.016 pCilmL ~ , 
Endrin <0.0002 mglL .... .... 
F <1.0 mglL 

t-> 

Fe 0.052-8.7 mgIL 
Gross Alpha 0.001l-{).013 pCilmL 
Gross Beta 0.0022-{).07 pCilmL 

Hg <0.0001 mgIL 
Lindane <0.002-{).04 mg/L 

Methoxychlor <0.008 mg/L 

Mn 0.65-8.9 mg/L 

Na 4.6-37 mgIL 

NO, <5.0 mg/L 

Ph < 0.02-{).034 mglL 

pH 6.5-7.5 mgIL 

Phenols 0.0-{).002 mglL 

Ra (total) < 0.0003-{).0008 pCi/mL 

Se <0.005 mg/L 

SO. <5.0-210 mglL 

TOC 2.3-6.6 mgIL 
TOX 0.009-{).062 mg/L 



Table 4.3.1 (continued) 

Source Sample location Parameter 

Toxaphene 
Montford, Daniels, Kitchings, 1986 Impoundment 3524, Well 31-001 (upgradient) Cl 

Fe 
Gross Alpha 
Gross Beta 
Mn 
Na 
Ph 
SO. 
TOC 
TOX 
Fe (dissolved) 
Mn (dissolved) 
Na (dissolved) 

Impoundments 3539/3540, Wells 31-007, -009 CI 
(upgradient) 

Impoundment 3524, Wells 31-002, -003, 
-004 (downgradient) 

Fe 
Gross Beta 

Mn 
Na 
Ph 
Ra (total) 

SO. 
TOC 
TOX 
Fe (dissolved) 
Mn (dissolved) 
Na (dissolved) 
CI 

Fe 
Gross Alpha 

Concentration 

<0.005-<0.05 
5.3 
1.0 
0.36 
3.2 
0.26 
22 
0.02 
'17 
1.6 
0.03 
0.050 
0.23 
22 
8.8-14 

0.38-1.3 
0.27-0.47 
2.1-1.2 
11-31 
0.020 
0.014-0.055 
41-220 
4.1-4.3 
0.021-0.060 
0.32-0.49 
0.89-1.7 
12-31 
6.7-9.9 

0.095-1.2 
0.24-13 

Units Map Ref. No.-

mgIL 
mg/L 22 
mg/L 
BqIL 
BqIL 
mg/L 

.mg/L 
mglL 
mg/L 
mg/L 
mglL 
mglL 
mg/L .... , 
mglL 

.... .... 
w 

mglL 

mg/L 
BqIL 
mglL 
mg/L 
mglL 
Bq/L 
mg/L 
mglL 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

mg/L 
Bq/L 



Table 4.3.1 (continued) 

Source Sample location Parameter Concentration Units Map Ref. No.-

Gross Beta 0.56-123 Bq/L 
Mn 0.28-2.S mgIL 
Na 15-22 mglL 
Pb 0.02().{l.040 mg/L 

SO. 16-56 mglL 
TOC I.S-2.S mgIL 
TOX 0.027.{l.065 mgIL 
Fe (dissolved) 0.053-1.4 mg/L 
Mn (dissolved) 0.21-3.6 mg/L 
Na (dissolved) 15-21 mgIL 

Impoundment 3539/3540, Wells 31'{)o5, '{)o6, Cl 6.4-7.4 mgIL 
'{)oS, .{l10, .{l12 (downgradient) 

Fe 1.0-5.1 mg/L 
Gross Beta 0.21-2.5 BqlL """ 0 .... 
Mn 0.65-S.6 mglL .... 

""" Na 4.7-9.4 mgIL 
Pb 0.02().{l.025 mglL 
Ra (total) 0.013.{l.3S BqIL 

SO. 5.0-67 mgIL 
TOC 2.3-4.0 mg/L 
TOX 0.021.{l.027 mg/L 
Fe (dissolved) 0.44-4.2 mglL 
Mn (dissolved) O.64-S.5 mg/L 
Na (dissolved) 4.7-9.2 mglL 

Energy Systems 1987 Impoundment 3524 Well"''' 2,4,5-TP (Silvex) <0.01 mglL 
2,4-D <0.01 mglL 
Ag <0.005 mglL 
As <0.01 mg/L 
Ba <1 mg/L 
Cd <0.002 mglL 
Cl 4.S-11 mglL . 

Cr <0.02 mglL 



Table 4.3.1 (continued) 

Source Sample location Parameter Concentration Units Map Ref. No.-

Endrin <0.0002 mgIL 
F <1.0 mgIL 
Fe 0.08-1.7 mglL 
Gross Beta>" 0.0092-5.9 pCilmL 
Gross Alpha·) 0.00027~.16 pCilmL 
Hg <0.0001 mg/L 
Lindane <0.002 mgIL 
Methoxychlor <0.008 mgIL 
Mo 0.01-4.1 mg/L 
Na 14-30 mg/L 
NO, <5.0 mgIL 
Pb <0.02~.04 mgIL 
Phenols < 0.001 ~.0020 mgIL 
Ra (total) 0.0001l~.0057 pCilmL .".. , ..... 
Se <0.005 mgIL ..... 

VI 

SO. 11-250 mgIL 
TOC 0.76-3.6 mglL 
TOX <0.0l~.20 mg/L 

Toxaphene <0.005 mg/L 

Impoundments 3539 and 3540 Well"'" 2,4,5-TP (Silvex) <0.01 mg/L 
2,4-D <0.01~.60 mgIL 

Ag <0.005 mglL 
As <0.01 mg/L 

Ba < 1-1.3 mg/L 

Cd <0.002 mg/L 

CI 2.7-17 mg/L 

Cr <0.02~.050 mgIL 
Endrin <0.0002 mg/L 

F <I mg/L 

Fe 0.050-10 mgIL 
Gross Alpha 0.00081~.025 pCi/mL 



Table 4.3.1 (continued) 

Source Sample location Parameter Concentration Units Map Ref. No.-

Gross Beta 0.0035-0.35 pCi/mL 
Hg <0.0001 mglL 
Lindane <0.002 mglL 
Methoxychlor <0.008 mgIL 
Mn 0.010-10 mg/L 

Na 4.6-220 mg/L 
NO, <5 mgIL 
Pb <0.020-1.2 mg/L 
Phenols <0.001-0.003 mglL 
Ra (total)"'" 0.00027-0.038 pCilmL 
Se <0.005 mg/L 

SO, 5.0-250 mglL 

TOC 1.6-23 mg/L .j:>. , 
TOX <0.005-0.093 mglL 

.-.-
0\ 

Toxaphene <0.005 mgIL 
Boegley, et 81. 1987 Impoundments 3539 and 3540 Wells 2,4,5-TP (Silvex) <0.01 mgIL 29 

2,4-D <0.01-0.06 mg/L 
Ag <0.005 mglL 
As <0.01 mglL 

Ba <1.0 mglL 

Cd <0.002 mgIL 
CI 2.7-17 mg/L 

Cr (total) <0.02-0.032 mg/L 

Endrin <0.0002 mglL 

F <1.0 mg/L 

Fe 0.052-5.9 mg/L 

Gross Alpha 0.03-0.52 pCiIL 

Gross Beta 0.081-2.0 pCi/L 

Hg <0.0001 p.glmL 

Lindane <0.002 p.g/mL 

Methoxychlor <0.008 p.g/mL 

Mn 0.01-10 p.gImL 



Table 4.3.1 (continued) 

Source Sample location Parameter Concentration Units Map Ref. No.-

Na 4.8-220 p.g/mL 

NO, <5.0 p.g1mL 
Pb 0.02-1.2 p.g/mL 

Phenols <O.OOH).OO3 mglL 
Ra (total) 0.01l'{).17 pCilmL 
Se <0.005 mgIL 
SO. <5.0-250 mg/L 
TOC 1.6-23 mgIL 
TOX < O.OO5.{).093 mg/L 
Toxaphene <0.005 mgIL 

Impoundmeot 3524 Wells 2,4,5-TP (Silvex) <0.01 mg/L 
2,4-D <0.01 mgIL 
Ag <0.005 mgIL 
As <0.01 mg/L """ , .... 
Ba <1.0 mglL .... .... 
Cd <0.002 mgIL 
CI 4.7-ll mg/L 
Cr (total) <0.02.{).02 mgIL 
Endrin <0.0002 mg/L 
F <1.0 mglL 
Fe 0.08-1.S mg/L 
Gross Alpha' 0.01l-52 pCilL 
Gross Betad 0.30-220 pCilL 
Hg <0.0001 p.g1mL 
Lindane <0.002 p.g/mL 

Methoxychlor <0.01 p.g/mL 
Mn 0.07-4.0 p.g1mL 
Na 14-30 p.g/mL 

NO,' <5.0 p.g/mL 

Ph <O.02.{).OS p.g/mL 
Phenols < 0.001'{).002 p.g/mL 

Ra (total)' <0.0I1'{).037 pCilmL 



Table 4.3.1 (continued) 

Source Sample location Parameter Concentration Units Map Ref. No.-

Se <0.005 mg/L 
SO, 19-100 mg/L 
TOC 1.1-3.8 mg/L 
TOX 0.01'{).07 mglL 
Toxaphene <0.005 mg/L 

Energy Systems 1989 Perimeter Wells F <1.0-3.8 mg/L 11 
AI 0.095-2.1 mg/L 
Ar <0.01'{).05 mg/L 
Be < 0.0003.{).003 mg/L 
B <0.08'{).77 mg/L 

Ca 1.2-200 mglL 
Co (total) <0.003.{).0034 mglL 
Fe <0.050-15 mg/L .j>. 

0.43-26 mg/L 
, 

Mg .... .... 
Mn <0.010-6.5 mglL 00 

Ni <0.005.{).026 mg/L 
Si 3.4-6.9 mg/L 
Na 3.5-260 mg/L 
Sr 0.056-2.5 mg/L 
Ti <0.020-0.045 mglL 
V < 0.004-0.014 mg/L 
Co-60 -5.9-6.5 pCilL 
Cs-137 -3.8-5.9 pCi/L 

Gross Alpha 0-230 pCiIL 

Gross Beta 0-18,000 pCilL 

Radioactive Strontium 0.54-7,600 pCi/L 

Ra 0-2.4 pCi/L 
H-3 -430-54,000 pCi/L 

TOC 0.6-4.4 mg/L 
TOX 0.0009.{).16 mglL 

Upgradient wells AI 0.26-2.1 mg/L 

Be < 0.0003.{).0028 mg/L 



Table 4.3.1 (continued) 

Source Sample location Parameter Concentration Units Map Ref. No.* 

B < 0.08-tl.3 I mglL 
Ca 44-130 mglL 
Fe 0.08-1.4 mg/L 
Mg 10-29 mglL 
Mn 0.01-tl.06 mglL 
Ni <0.005-tl.0091 mg/L 
Si 3.6-6.8 mglL 
Na 4.0-26 mg/L 
Sr 0.13-1.7 mgIL 
Ti <0.02-tl.056 mg/L 
V 0.0084-tl.016 mgIL 
Co-60 4.94.1 pCilL 
Cs-137 -2.2-1.6 pCi/L 
Gross Alpba 0-4.6 pCi/L ~ , 
Gross Beta 04.9 pCilL .-.-
Radioactive Strontium -1.4-6.8 pCilL \D 

Ra 0.27-2.2 pCi/L 

"-3 -650-2,200 pCi/L 
TOC 0.8-1.3 mglL 

TOX <0.005-tl.094 mg/L 
Solomon et al. 1989 Impoundment 3513 WeUs Ag (dissolved) 0.007 mglL 23 

Ag (total) 0.006 mglL 
AI (dissolved) 0.355-tl.54 mgIL 
AI (total) 0.380-0.49 mg/L 

B (dissolved) 0.145 mglL 
B (total) 0.140 mgIL 
Ba (dissolved) 0.075-tl.39 mglL 
Ba (total) 0.083-tl.375 mg/L 
Be (dissolved) 0.002-tl.003 mglL 
Be (total) 0.002-tl.003 mgIL 
Ca (dissolved) 88.0 -170.0 mg/L 
Ca (total) 82.5-150.0 mglL 



Table 4.3.1 (continued) 

Source Sample location Parameter Concentration Units Map Ref. No.-

Co (dissolved) 0.003 mglL 
Co (total) 0.003 mg/L 
Cr (total) 0.008 mg/L 
Cu (total) 0.016-0.026 mglL 
Fe (dissolved) 0.029-6.90 mglL 
Fe (total) 0.073-6.7 mgIL 
K (dissolved) \.8-3.4 mgIL 
Mg (dissolved) 9.0-26.0 mg/L 
Mg (total) 8.7-23.0 mgIL 
Mn (dissolved) 0.28-4.4 mgIL 
Mn (total) 0.26-4.15 mg/L 
Na (dissolved) 19-43 mg/L 
Na (total) 12-40 mglL 
Ni (total) 0.008 mglL .... , 
Si (dissolved) 4.1-6.6 mgIL -IV 

0 
Si (total) 3.6-5.8 mglL 
Sr (dissolved) 0.250-0.990 mg/L 
Sr (total) 0.230-0.975 mgIL 
V (dissolved) 0.008~.011 mg/L 
V (total) 0.008~.011 mg/L 
Zn (dissolved) 0.130 mgIL 
Zn (total) 0.015 mglL 
Br 0.5 mg/L 
CI 5.6-50.5 mg/L 
F 0.5 mg/L 
NO, 0.5 mglL 
PO, 0.5 mglL 
SO, 8.1-87.0 mglL 
Toluene 8.0 mglL 
Trichloroethene 30.0 mgIL 
Vinyl Chloride 24.0-35.0 mglL 
1,2-Dichlorethene (Total) 14.0-459.5 mg/L 

~ 



Table 4.3.1 (continued) 

Source Sample location Parameter 

C-14 
-Co-60 

-Cs-137 

Gross Alpha 

Gross Beta 
H-3 

Sr-90 

Tc-99 

"NilIale as nitrogen. 
• Average annual concentration in water assumed to produce total dose to bone marrow of 4 mrem/year. 
"Includes Ra-226, but excludes radon and uranium. 

Concentration Units Map Ref. No.'" 

710.0-2,400.0 BqlL 
1.0-0.1 Bq/L 
0.2-0.07 Bq/L 

0.0-0.4 BqlL 
26-79.0 BqlL 
1,300-4,200 Bq/L 
2.4-31.0 Bq/L 
0.3-1.2 BqlL 

'Chapter 1200-5-1-1.06 (IDHE) specifies that if two or more radionuclides are present, the sum of their annual dose to the total body or to any organ shall not 
exceed 4 mrem/year. 

'Total trihalomethanes. 
'Includes well numbers 31-001, -002, -003, -004, -013, and -015. 
IDuring 1986, detection limit for several parameters varied. 
'Summary of March 1986 and lune 1986 data. 
'ConcenlIalion exceeded standards in groundwater. 
'Includes well numbers 31-005, -006, -007, -008, -009, and -019. 
"Includes well numbers 31-005 through 31-012. 
'Combined Ra-226 and Ra-228. 
'"Map reference number refers to the location identified on Fig. 4.5.1. 

-



CAS No. 

U_anaIyses 
12587-46-1 

14596-10-2 

12587-47-2 

01-00022 

14913-49-6 

01-00020 

14762-75-5 

13966-05-7 

01-00012 

7440-45-1 

0-190 

15510-73-3 

10198-40-0 

10045-97-3 

14681-59-5 

13966-00-2 

13981-37-8 

14255-{)4-() 

15092-94-1 

01-00002 

14380-75-7 

13981-16-3 

0-013 

13982-63-3 

15262-20-1 

13967-48-1 

14158-27-1 

10098-97-2 

14133-76-7 

14274-32-9 

14269-63-7 

7440-29-1 

01-00004 

01-00018 

10028-17-8 

13966-29-5 

15117-96-1 

0-012 

7440-61-1 

Table 4.3.2. Summary of radiological contaminants detected in WAG 1 groundwater 

Alpha particle 
Am-241 

Beta particle 

Bi-211 

Bi-212 

Bi-214 

C-14 

Ca-45 

Ce-I44 

Cerium 
Cm-2341244 

Cm-242 

Co-6O 
Co-137 

Fe-55 

K-40 
Ni-63 

1'1>-210 

1'1>-212 

1'1>-214 

Pm-147 

Pu-238 

Pu-239124O 

Ra-226 

Ra-228 

Ru-106 

5r-89 

Sr-90 

Tc-99 

Th-228 

Th-230 

Th-232 

11-208 

Total radioactive ltrOotium 
Tritium 
U-234 
U-235 

U-2351236 

U-238 

Uolts 

pc"1IL 

pc"1IL 

pCilL 
pc"1IL 

pCiJL 
pCiJL 
pCiJL 
pCilL 
pCiJL 
pCiJL 
pCiJL 
pCilL 
pCiJL 
pCiJL 
pCiJL 
pc"1IL 

pc"1IL 
pc"1IL . 

pCilL 
pCiIL 
pCilL 
pCiJL 
pCiJL 
pCiJL 
pCilL 
pCilL 
pCilL 
pCilL 
pCi/L 

pc"1IL 

pCiIL 

pC"1IL 

pCilL 
pCilL 
pCilL 
pCilL 
pCilL 
pCilL 
pCiJL 

Minimum. 

-1.7 . 

0.24 

0.2 

72.2 
123.4 

73.3 

118 

27.4 

41.3 

36 

i 
1 

9.06 

10.3 

67.9 

385 

168 

443.1 

30.2 

23.7 

15.7 

0.12 

0.14 

0.3 

0.61 

150 

6690 

5 
1.8 

0.25 

0.13 

0.18 

65.4 

0.02 

290 

0.36 

0.13 

1 
0.28 

Error 

4.5 

0.17 

3.5 

64.7 

114.8 

49.2 

48 

3.2 

36.3 

25.3 

4.53 

6.3 

40.1 

361 

34 

376.9 

29.2 

18.9 

12.2 

0.14 

0.2 

0.83 

1365 

1.6 

0.22 

0.42 

0.17 

39.8 

0.89 

250 

0.25 

0.08 

0.21 

Flag 

J 

J 

J 

J 

J 

Maximum 

5093 

20.4 

585497.1 

75.8 

366 

73.3 

118 

1860 

41.3 

36 

328 

67 

67.9 

1629.1 

242 

443.1 

71.4 

23.7 

47380 

1 
1.11 
73.3 

1980 

150 

6690 
2987W 

5017 

114 

42.11 

210 

106 

312050 

897000 

4563 

11.7 

3.29 

43.23 

Error 

1124.1 

7.9 

87826 

66.8 

310 

49.2 

48 

190 

36.3 

25.3 

66 

33.6 

40.1 

476.6 

40 

376.9 

49.3 

18.9 

5031 

0.69 

49.3 

280 

1365 

32880 

398 

85 

13.15 

119 

79 

34338 

90000 
453 

7.4 

0.51 

17.34 

Flag 

J 

J 

J 

J 

238.64127 

3.111667 

I1n1.535 

73.5 

244.7 

73.3 

118 

495.1 

41.3 

36 

93.29 

28.404091 
67.9 

959.7 

205 

443.1 

49.242857 

23.7 

9178.0929 

0.508 

0.62 

4.162 

126.02845 

150 

6690 

10621.6n 

275.32 

4.9833824 

3.7681579 

15.836316 

83.8 

9303.9832 

25621.580 

240.33571 . 

4.075 

2.145 

6.4419231 

Hits 

119 

13 

170 

3 
2 

1 

4 
1 

2 

2 
4 
30 

3 
2 

7 

14 

6 
6 

4S 
59 

2 

32 

19 

74 

44 

44 

3 
100 

189 

73 

6 
7 
57 

191 

36 

191 

3 
2 

1 
7 

5 
1 
1 
3 
8 
4 

183 

9 
31 

6 

7 

1 
21 

38 

37 

108 

110 

9 

70 

48 

118 

119 

123 

3 
117 

194 

115 

47 

68 

116 



Table 4.3.2 (continued) 

CAS No. Compouod Units Minimum Error Flag Maximum Error Fltg Average Hits Count 

01-00014 Zn-65 pCiIL 53.4 45.8 53.4 45.8 53.4 
Fillend analyses 

12587-46-1 Alpha Particle pCilL 0.1 1.S 1150 170 36.609194 63 137 
1459~1G-2 Am-241 pC"aIL 0.19 0.18 0.44 5 14 

12587-47-2 Beta Particle pCiIL -1.4 3.6 12100 1200 ~5.1671 100 136 
01-00020 Bi-214 pCiIL 36.3 32 52.97 37.63 44.635 2 2 
14762-75-5 C-14 pCilL 311 51 311 51 311 I 4 

13966-05-7 Ca-45 pCilL 31.1 3.8 465 47 134.16 5 8 

G-190 C ... 2341244 pC"aIL I I 2 
1551G-73-3 c...242 pCiIL I 6 

13981-15-2 Cm-244 pCiIL 12.2 2 12.2 2 12.2 I 

10045-97-3 Co-I37 pCilL 13.6 28.7 20.1 19.9s2941 23 134 

14681-59-5 Fe-55 pCiIL 110 330 77 220 2 7 

13981-37-8 Ni-63 pCiIL 195 36 346 49 2705 2 8 
14255.Q4.0 Pb-210 pCiIL 43.31 42.59 43.31 42.59 43.31 1 1 

15092-94-1 Pb-212 pCilL 43.3 40.2 70.4 52.3 56.gs 2 2 
01>-

01-00002 Pb-214 pC"aIL 17.1 15 117 52 42.65 4 4 , ..... 
1438G-75-7 Pm-147 pC"aIL 50 443 45 2465 2 8 tv ..., 
13981-1~3 Pu-238 pCiIL 0.64 0.42 o.n 3 16 

GoOI3 Pu-239124O pC"aIL I I 2 16 

13~3-3 Ra-226 pCilL 0.2 0.1 2.2 0.4 0.7525 12 SO 

15262-2G-I Ra-m pC"aIL 3 1500 210 164.65167 30 52 

13967-48-1 Ru·l06 pC"aIL 150 150 ISO 2 9 
10098-97-2 Sr-90 pCilL 5 12000 1200 J 1I93.S IS 42 

14133-7~7 Tc·99 pCiIL 0.8 0.7 J nl4 646 920.1 10 19 

14274-82-9 Th-22S pCilL 0.56 0.71 15.71 4.05 2.7063636 14 4S 

1426U3-7 Th-230 pCilL 11.22 3.28 3.9~71 10 48 

744G-29-1 Th-232 pCiIL I 96.2 74.2 34.4475 9 51 

01-00004 TI-20S pCiIL 22.6 20.1 95 72.2 67.066667 3 3 

01-00018 Total radioactive ItrOnlium pCilL 0.27 0.67 4713 520 125.83949 SO 93 

10028-17-8 Tritium pCilL 941 219 912000 91000 40419.375 4S 48 

13966-29-5 U-234 pC"aIL 0.25 0.25 203 22 10.906957 24 50 

15117-9~1 U-235 pCiIL 0.41 0.38 .41 0.38 0.41 10 

GoOI2 U-2351236 pCiIL I 4.78 0.65 2.89 6 40 

744G-61-1 U-238 pCiIL 0.48 0.38 427 308 J 30.597333 20 52 

13967-71-0 Zr-95 pCilL 232 220 232 220 232 I 



Table 4.3.3. Summary of radionuclides in perimeter wells, November 1988-October 1990 

Detected CODCentratiODl (pCi/L) 

Location of Date of 
ConstibJcot Frcqueocy Minimum Error Maximum Error maximum owcimum 

"'Co 921113 O.XI 6.48 405 405 821 Fcb-89 

me. 93/114 0.27 3.51 32.4 43.2 812 Jan-S9 

Gross alpha 1091113 0.108 0.432 232.2 10.8 812 Dcc-38 

Gross beta 1121113 0.027 1.323 17820 270 812 Dcc-38 

Total ncIl11ro11tium 93/93 0.27 3.24 7560 270 812 Jua-02 

Total ndjum 44/44 0.027 0.459 2.43 2.16 813 Dcc-38 

'H 103/107 I3S 1323 12420 1350 82S Oct-39 

"'u 111 199.8 5.4 812 Oct-90 

"'u 111 3.24 054 812 Oct-90 

"'U 111 6.75 0.81 812 Oct-90 

NO'IE: This table was cre.lcd. manually 1lIiDg Iistinp of lhe Energy Systems perimeter well cbemical data tables. 



Table 4.3.4. Strontium detected in Phase I groundwater samples <PCtlL) 

Low base" High base storm" High base" Other" 
September-October 1990 February 21-23, 1991 March-April 1991 July-October 1991 

Location' Unfilt !IIlSr Filt !IISr Unfilt Tot Sr Filt Tot Sr Unfilt Tot Sr Filt Tot Sr Unfilt Tot Sr Filt Tot Sr 

01.0533 ND ND ND 2.91 
01.0536 ND ND 3.32 1.84 
01.0538 ND ND 2.17 
01.0539 5670 5880 3783 4713 
01.0540 ND ND 1.73 ND 
01.0541 ND ND 
01.0543 ND ND 2.95 1.51 
01.0545 ND ND 1.57 1.58 4.98 2.61 
01.0546 ND ND 
01.0548 ND 
01.0549 ND ND 2.42 ND 1.75 ND 
01.0550 ND ND 
01.0553 5.33 ND 0.39 0.85 1.53 ND 
01.0554 ND ND 2.13 1.99 3.52 2.69 
01.0563 31.55 32.28 .j>. 

• 
01.0564 363 374 190.6 216.3 ..,. .., 
01.0566 20.9 17.3 19.09 16.8 21.1 18.8 v. 

01.0571 15.2 16.3 39.15 26.19 
01.0572 ND 4.55 ND 
01.0579 ND ND 6.61 4.86 4.28 5.22 
01.0587 ND 10.23 1.29 
01.0588 58.8 61.5 
01.0589 203 174 284 180 
01.0590 40.4 842 
01.0593 39.4 36.8 

01.0596 2.91 8.63 
01.0597 50.9 86.9 41.92 31.71 34.23 38.31 
01.0598 82.1 106 108.24 123.96 7.87 17.2 
01.0599 ND ND 1.41 ND 
01.0601 4TI 466 894 973 
01.0602 ND ND 2.48 2.79 3.66 3.56 
01.0603 7.6 19.9 
01.0604 ND ND 1.63 1.55 
01.0607 3.5 2.1 
01.0608 4.6 12 
01.0610 ND 4.43 3 



Table 4.3.4 (continued) 

Low base" High base storm" High base" Other" 
September-October 1990 February 21-23, 1991 March-April 1991 July-October 1991 

Locatio'" Unfilt IIISr Filt IIISr Unfilt Tot Sr Filt Tot Sr Unfilt Tot Sr Filt Tot Sr Unfilt Tot Sr Filt Tot Sr 
01.()611 5.45 9.17 
01.0613 4S.1 
01.0618 ND ND 2.03 ND 
01.0620 ND ND 13.8 ND 
01.0621 ND ND ND ND 
01.0622 ND ND ND ND 
01.0623 ND 1.22 0.89 ND ND 
01.0634 12.1 13 3.28 4.4 
01.0814 3.23 4.9 
01.0820 2.12 3.36 
01.0824 2.46 ND 
01.0826 4.92 3.3 
01.0827 2.93 2.99 
01.0828 ND I.5S 
01.0873 12.6 17.7 16.13 21.16 13.2 9.8 .a>-, 
01.0874 1100 1120 647.7 676.9 .... ..., 
01.0875 10300 12000 21.61 16.25 a.. 

01.0876 4.4 ND 
01.0877 14.9 14.2 23.76 27.92 
01.0878 ND ND ND ND 
01.0879 ND ND 0.76 
01.0880 ND ND 1.63 1.84 
01.0881 ND ND 2.88 ND 
01.0882 20.3 19.2 17.83 19.4S 
01.0884 ND ND ND ND 
01.0885 27.1 30.3 33.11 27.87 
01.0886 3.3 
01.0946 15.26 14.97 11.29 13.49 
01.1100 101 III 56.3 72.3 
01.1101 114.7 108.1 
01.1102 1020 990 948 960 
01.1103 34.9 26.6 37.6 34.2 
01.1104 90 82.6 78.3 78.1 
0I.CH11A 24.4S 
01.CHOOI-2 1.9 
01.CHOO3-1 7.49 

~ 



Location!> 

01.CH006-1 
0l.CH006-2 
01.CHOO6-4 
01.CHOO8-2 
01.CHOOS-2 
01.CHOOS-2 
01.CHOOS-3 
OI.CHOOS-I 
01.CHOOS4 
01.CHOOS-5 
OI.CHOOS.o 
Ol.CHOOS.o 
01.CHOOS-7 
01.CHOO9-2 
01.CH0094 
Ol.CH07A-I 
0l.CH07A-2 
0l.CH11A-2 

Low baseG 

September-October 1990 

Unfi!t "'Sr Filt "'Sr 

Table 4.3.4 (continued) 

High base storm" 
February 21-23, 1991 

Unfi!t Tot Sr Filt Tot Sr 

High base" 
March-April 1991 

Unfilt Tot Sr Flit Tot Sr 

"The value reported is the maximum activity found at the specified location, whether a regular or duplicate sample. 
'Refer to Table 3.35 for further detaiJs on the intervals sampled within the coreholes. 
('Strontium.-90 concentration. 
"Strontium-S9 concentration. 

Other" 
July-October 1991 

Unfilt Tot Sr 

4.19 
ND 
ND 

312050 
29S78O" 

6690" 
245574 
10023S 
S1372 
56S51 
16520' 
1190" 
17405 
3.95 
3.S9 
5.12 
3.82 
1.74 

Filt Tot Sr 



Table 4.3.5. Tritium detected in Phase I groundwater samples (peilL) 

Low basell High base storm" High base' Other" 
September-October 1990 February 21-23, 1991 March-April 1991 Iuly-October 1991 

Location" Unfiltered Filtered Unfiltered Unfiltered Unfiltered 

01.0533 1740 1690 2190 

01.0536 2460 2420 2190 

01.0538 1210 1400 1780 

01.0539 13500 13400 11990 

01.0540 1960 1100 1310 

01.0541 1030 941 1660 1660 

01.0543 17000 17700 11150 

01.0545 3700 3700 3080 3200 

01.0546 2500 

01.0548 3050 

01.0549 3550 3600 3710 3640 

01.0550 2750 

01.0553 2110 1920 2060 2240 .". , 
01.0554 927 949 1660 2410 ..-..., 
01.0563 4260 00 

01.0564 108000 102000 63070 

01.0566 231000 233000 145870 133000 

01.0571 1560 1730 1810 

01.0572 2340 2760 2150 

01.0579 3490 7280 3060 3330 

01.0587 1360 1150 1570 

01.0588 1460 

01.0589 35600 34800 17600 

01.0590 22530 

01.0593 730 

01.0596 1140 

01.0597 ND 4600 4980 510 

01.0598 7250 7200 6840 6460 

01.0599 5800 5550 5130 

01.0601 3470 3520 1620 

01.0602 10600 9530 9660 9000 

01.0603 61750 
~ 



Table 4.3.5 (continued) 

Low base' High base storm' High base" Other" 
September-October 1990 February 21-23, 1991 March-April 1991 Iuly-October 1991 

Locationb Unfiltered Filtered Unfiltered Unfiltered Unfiltered 

01.0604 4850 ND 4800 

01.0607 3550 

01.0608 181650 

01.0610 1600 1720 1310 

01.0611 7330 

01.0613 54180 

01.0618 3240 3310 3290 

01.0620 4150 4330 3060 

01.0621 4810 4870 5050 

01.0622 6250 6360 5770 

01.0623 5160 5050 3950 3990 

01.0634 2710 2920 2920 ~ • 
01.0814 3590 2780 .... .... 
01.0818 4720 '0 

01.0819 1440 

01.0820 5610 

01.0824 2430 

01.0826 2890 

01.0827 1500 

01.0828 2090 

01.0873 7760 7560 9710 9070 

01.0874 404000 359000 275100 

01.0875 185000 165000 827670 

01.0876 338800 

01.0877 2560 2540 2340 

01.0878 2590 2660 2320 

01.0879 3000 3020 2830 

01.0880 2760 2760 2860 

01.0881 2420 2560 2240 

01.0882 2180 2150 10400 

01.0884 1630 1560 1710 

01.0885 897000 912000 838200 



Location" 

01.0886 

01.0946 

01.1100 

01.1101 

01.1102 

01.1103 

01.1104 

0I.CHOOI-2 

01.CHOOI-3 

0I.CHOOI-1 

01.CHOO3-1 

0I.CHOO6-1 

01.CH006-2 

OI.CHOO6-4 

01.CHOO8-2 

01.CH008-3 

01.CH008-1 

01.CH008-5 

01.CH008-4 

0I.CHOO8-6 

0I.CHOO8-7 

01.CHOO9-2 

OI.CHOO9-4 

Table 4.3.5 (c:ontioued) 

Low base" 
September-October 1990 

Unfiltered Filtered 

8920 8420 

101000 

24900 

19900 

79500 

104000 

24200 

19100 

77600 

High base storm" 
February 21-23. 1991 

Unfiltered 

1790 

High base" 
March-April 1991 

Unfiltered 

11620 

1680 

168530 

2540 

42370 

16140 

50950 

Other" 
Iuly-October 1991 

Unfiltered 

1870 

900 

670 

1940 

2040 

290 ~ , -ND .., 
0 

3780 

3580 

3470 

3170 

2670 

660 

450 

29980 

18220 



LocatioU> 

01.CH07A-1 
01.CH07A-2 

01.CHl1A-1 

01.CHl1A-3 

01.CHOI2 

Table 4.3.5 (continued) 

Low base' 
September-October 1990 

Unfiltered Filtered 

High base storm' 
February 21-23, 1991 

Unfiltered 

'The value reported is the maximum activity found at the specified location, whether a regular or duplicate sample. 
·Refer to Table 3.35 for further details on the intervals sampled within the coreholes. 

High base' 
March-Apri11991 

Unfiltered 

Other' 
Jnly-October 1991 

Unfiltered 

3180 
2370 

880 

ND 
310 



Table 4.3.6. Gross a1pba activity in Phase I groundwater samples (pC'IIL) 

Low base" High base storm" High base" Other" 
September-October 1990 February 21-23, 1991 March-April 1991 July-October 1991 

Location" Unfiltered Filtered Unfiltered Filtered Unfiltered FIltered Unfiltered Filtered 

01.0533 NO 32.1 NO 
01.0536 68.4 4.98 15 NO 
01.0538 136 NO 247 NO 
01.0539 1080 1150 200 210 

01.0540 NO NO NO NO 

01.0541 17.9 NO 47.8 NO 

01.0543 47.8 NO 32.9 NO 
01.0545 37.7 NO 35.1 12.3 56.3 NO 
01.0546 19 NO 
01.0548 25.8 

01.0549 118 NO 125.9 NO 38.2 NO 
01.0550 1684 NO 

.,.. , -01.0553 NO NO 15.6 NO NO 1.5 w 
N 

01.0554 24 NO 26.4 NO NO 8.6 

01.563 32.7 NO 

01.0564 27.9 12 7.6 NO 

01.0566 212 165 34.9 1.7 25.2 2.3 

01.0571 81.5 NO 61.6 NO 

01.0572 NO 5.6 NO 

01.0579 NO NO 22.1 NO 5.4 3.3 

01.0587 9.89 NO 2.8 

01.0588 48.9 NO 
01.0589 76.9 2.8 

01.0590 87.9 8.1 

01.0593 114 3.7 

01.0596 125 1.7 

01.0597 4.34 47.2 2.1 12.3 2.5 

01.0598 25.7 15.2 NO 6.1 15 NO 

01.0599 NO NO 3 NO 



Table 4.3.6 (continued) 

Low base" High base storm" High base" Other" 
September-October 1990 February 21-23. 1991 March-April 1991 July-October 1991 

Location" Unfiltered Flitered Unfiltered Filtered Unfiltered Filtered Unfiltered Filtered 

01.0601 117 35.4 32.2 ND 
01.0602 ND 37.1 ND 12.5 ND 
01.0603 54.5 6.9 
01.0604 ND ND 24.2 ND 
01.0607 ND 2.3 
01.0608 ND 177 2.3 
01.0610 ND 14.9 ND 
01.0611 19.7 ND 
01.0613 ND 
01.0618 ND ND 24.4 ND 

01.0620 7.76 ND 12.8 ND 

01.0621 NO 2.9 ND i" -
01.0622 29.9 8.3 22.1 ND 

w 
t.> 

01.0623 ND ND ND ND ND 5.7 
01.0634 6.75 9.7 ND 

01.0814 11.8 ND ND 
01.0819 ND 2.94 
01.0820 2.5 NO 
01.0824 8.3 14 
01.0826 8.1 6.4 
01.0827 NO NO 
01.0828 NO 12.6 
01.0873 7.67 6.36 NO ND 18.9 ND 

01.0874 73.7 28.3 4.4 NO 
01.0875 160 287 NO 4 
01.0876 NO ND 
01.0877 ND 11.8 58.4 ND 

01.0878 ND ND 5.1 ND 
01.0879 NO NO NO 5 



Location" 

01.0880 

01.0881 

01.0882 

01.0884 

01.0885 

01.0886 

01.0946 

01.1100 

01.1101 

01.1102 

01.1103 

01.1104 

01.CH001-l 

01.CHOOI-2 

01.CHOOI-3 

01.CH003-1 

01.CHOO6-2 

01.CHOO6-4 

01.CH006-1 

01.CH008-2 

01.CH008-4 

01.CH008-3 

01.CH008-5 

01.CH008-1 

01.CHOOS-6 

01.CHOOS-7 

01.CHOO9-2 

01.CHOO9-4 

01.CH07A-2 

Low base" 
September-October 1990 

Unfiltered Filtered 

NO NO 

NO 5.53 

NO 

NO 

9.41 

7.46 

16.6 

91.6 

18.6 

NO 

NO 

12 

120 

7.24 

Table 4.3.6 (continued) 

High base storm" 
February 21-23, 1991 

Unfiltered Filtered 

11.1 NO 

High base" 
March-April 1991 

Unfiltered Filtered 

NO NO 

3.1 NO 

NO NO 

NO NO 

NO NO 

NO NO 

4.9 NO 

2.5 NO 

NO NO 
4.7 8.8 

NO NO 

5.6 NO 

Other" 
July-October 1991 

Unfiltered Filtered 

3.1 

2.2 

NO 

13.5 

10.8 

NO 
NO 

5093 

4263.3 

3775 

2516.6 

1461.4 

1295 

697 

4.3 

NO 

4.1 

~ 
0 ..... 
w .... 



Location" 

OI.CH07A-1 
OI.CHIlA-3 

O\'CHIlA-1 

Low base" 
September-October 1990 

Unfiltered Filtered 

Table 4.3.6 (continued) 

High base storm' 
February 21-23, 1991 

Unfiltered Filtered 

High base" 
March-April 1991 

Unfiltered Filtered 

"The value reported is the maximum activity found at the specified location, whether a regular or duplicate sample. 
"Refer to Table 3.3.5 for further details on the intervals sampled within the coreholes. 

Other' 
July-October 1991 

Unfiltered 

NO 
16.1 

NO 

Filtered 



Table 4.3.7. Gross beta activity in Phase I groundwater samples (pCiIL) 

Low base' High base storm" High basef Other" 
September-October 1990 February 22-23, 1991 March-April 1991 July-October 1991 

Location" UDfiltered Filtered Unfiltered Filtered Unfiltered Filtered Unfiltered Filtered 

01.0533 71.4 5.05 675 26.1 
01.0536 97 ND 24.8 19.5 

01.0538 162 ND ll8 ND 

01.0539 12900 l2loo 10638 10729 
01.0540 71.3 4.65 ND 5.8 

01.0541 20.8 3.31 41.5 4.7 
01.0543 41.2 NO 37 ND 

01.0545 40.8 4.24 40.8 ND 48.6 4.3 
01.0546 12.9 ND 
01.0548 17.4 ND 

01.0549 155 NO 170.6 ND 131.5 NO .j>. 
• ... 

01.0550 3476 6 ..., 
'" 01.0553 23.2 NO 52.5 NO ND 4.9 

01.0554 39.4 4.32 47.4 7.2 8.3 8.6 

01.0563 195.2 85.9 

01.0564 805 783 753.4 657.1 

01.0566 154 439 109 47.2 97.2 58.8 

01.0571 227 37.5 218 60.3 
01.0572 ll4 4.05 2.7 ND 

01.0579 79.2 8.22 35.3 8.6 114 93.2 
01.0587 9.32 5.08 7.4 ND 

01.0588 335 140.1 

01.0589 520 338 552 343 

01.0590 5278 3852 

01.0593 128 15.3 

01.0597 ll8 208 182.3 66.6 130.1 101.1 
01.0598 251 222 484.5 298 267 157 

01.0599 11.7 ND 7.3 ND 
01.0601 1040 873 2999 2231 

~ 



Table 4.3.7 (continued) 

Low base" High base storm" High base" Other' 
September-October 1990 February 22-23, 1991 March-April 1991 July-October 1991 

Location· Unfiltered Filtered Unfiltered Filtered Unfiltered Filtered Unfiltered Filtered 

01.0602 NO 68.3 NO 25.5 NO 

01.0603 203 33.4 

01.0604 43.9 6.1 50.2 NO 

01.0607 9.5 18.9 

01.0608 307 65.1 

01.0610 14.6 13.8 16.4 4.7 

01.0611 108 6.6 

01.0613 151 

01.0618 46.4 NO 26.2 NO 

01.0620 5.29 NO 14.8 NO 
01.0621 6.96 6.8 NO .s-
01.0622 28.6 15.7 31.3 NO 0 -..., 01.0623 18.7 7.71 7.4 NO NO NO -:a 

01.0634 13.2 7.6 6.7 

01.0814 NO NO NO 

01.0819 NO 61.5 

01.0820 NO NO 

01.0824 NO NO 

01.0826 15.2 ll.5 
01.0827 10.1 12.9 

01.0828 4.6 9.7 

01.0873 28.7 30.4 39.5 41.6 165 31.9 

01.0874 2710 1570 1049 1083 

01.0875 4650 5710 44 48.2 

01.0876 7.7 NO 

01.0877 32.7 32.6 56 60.5 
01.0878 NO NO NO NO 
01.0879 NO NO NO NO 
01.0880 NO 8.26 NO NO 



Location· 

01.0881 

01.0882 

01.0884 

01.0885 

01.0886 

01.0946 

01.1100 

01.1101 

01.1102 

01.1103 

01.1104 

01.CHOOI-2 

01.CHOOI-3 

01.CHOOl-l 

01.CH003-1 

01.CH006-1 

01.CHOO6-2 

01.CHOO6-4 

01.CHOOS-2 

01.CHOOS-3 

01.CH008-1 

01.CH008-4 

01.CHOO8-6 

01.CHOOS-5 

01.CH008-7 

01.CHOO9-4 

01.CHOO9-2 

01.CH07A-2 

01.CH07A-l 

Low base" 
September-October 1990 

Unfiltered Filtered 

NO NO 
34.9 56.2 

4.07 NO 
93.6 71.7 

NO NO 

215 178 

191 

2010 2040 
78.4 68.9 

205 164 

Table 4.3.7 (continued) 

High base storm" 
February 22-23, 1991 

Unfiltered Filtered 

35.2 31.7 

High base" 
March-April 1991 

Unfiltered 

NO 
40.5 

NO 

65.6 

13.6 

29.4 

90.7 

173 

2200 

66.9 

145 

Filtered 

NO 
43.2 

NO 
76.6 

6.4 

26 
118 

188 

1840 

64.6 

155 

Other" 
July-October 1991 

Unfiltered 

5.4 

3.7 

2.8 

21 

11.2 

5.9 

NO 

585497.1 

487093.5 

215495.3 

156799.7 

118960 

113545 

32080 

17.5 

12.3 

23.4 

6.3 

~ 

Filtered 

.,.. , -t.> 
00 



Location" 

OI.CHlIA-1 

OI.CHlIA-3 

OI.CH012 

Low base' 
September-October 1990 

Unfiltered Filtered 

Table 4.3.7 (continued) 

High base storm" 
February 22-23, 1991 

Unfiltered Filtered 

High base" 
March-April 1991 

Unfiltered Filtered 

"The value reported is the maximum activity found at the specified location, whether a regular or duplicate sample. 
"Refer to Table 3.3.5 for further details on the intervals sampled within the coreholes. 

Other" 
Iuly-October 1991 

Unfiltered Filtered 

105 
26 
3.2 



Table 4.3.8. Radium detected in Phase I groundwater samples (PCiIL) 

Low base unfiltered" Filtered" High base unfiltered" Filtered" Other unfiltered" Filtered" 

Location" 22BRa, 226Ra 228Ra 226Ra 22'Ra 226Ra 22'Ra ~ 22'Ra ~ 22'Ra 226Ra 

01.0533 NO NO NO NO 1 
01.0536 NO NO 4.12 NO 
01.0538 NO NO NO NO 9.6 5.84 
01.0539 1980 NO 1500 NO 
01.0540 NO NO NO NO 
01.0541 NO NO NO NO NO 2.9 96.1 
01.0543 NO NO NO NO 
01.0545 NO NO 5.19 NO 59.2 
01.0546 4.1 3.54 
01.0549< NO NO NO NO 3.8 4.02 
01.0553 NO NO NO NO 
01.0554 NO NO NO NO ~ , 
01.0563 28.89 2.1 31.34 0.62 ..... 

~ 

01.0564 75.8 NO 87.6 NO 0 

01.0566 8.66 NO NO NO 43 1.92 
01.0571 9.3 NO 5.04 NO 30.39 2.68 52.97 
01.0572 NO NO NO NO 101.9 
01.0579 NO NO 140 NO 
01.0587 5.47 NO NO NO 
01.0588 193 2.1 140 0.81 
01.0589 43.8 NO 91.5 84.1 6.75 
01.0590 938 NO 820 0.4 

01.0593 26.3 3.7 4.2 0.2 
01.0596 210 3.7 4.5 2.2 
01.0597 10.3 NO 4.67 NO 
01.0598 27.1 NO 31.7 NO 111.7 
01.0599 NO NO NO NO 
01.0601 127 NO 92.5 NO 
01.0602 NO NO NO NO 
01.0603 47.4 5.7 96.2 0.31 

~ 



Table 4.3.8 (continued) 

Low base unfiltered" Filtered" High base unfiltered" Filtered" Other unfiltered" FIltered" 

Location" 228Ra 226Ra ~ ~ 22'Ra 226Ra 228Ra 226Ra 228Ra 226Ra 228Ra 226Ra 

01.0604 3.46 NO NO NO 4.9 3.06 

01.0607 8 054 11 056 
01.0608 1.06 23.9 054 
01.0610 NO NO NO 

01.0611 6.09 1.33 
01.0613 126 1.7 
01.0618 NO NO NO NO 2.3 1.18 
01.0620 NO NO NO NO 

01.0621 NO NO NO NO 
01.0622 3.13 NO NO NO 1.3 0.45 
01.0623 NO NO NO 

01.0634 NO NO NO NO ~ , -01.0873 NO NO NO NO ~ -01.0874 316 NO 229 NO 
01.0875 1870 NO 1160 NO 

01.0877 454 NO 4.03 NO 10.1 

01.0878 NO NO NO NO 
01.0879 NO NO 

01.0880 . NO NO NO NO 

01.0881 NO NO 

01.0882 3.75 NO 3.45 NO 

01.0884 NO NO NO NO 93.3 

01.0885 1.36 NO 5.89 
01.0886 NO NO 3 
01.1100 165 NO 175 NO 

01.1101 140 
01.1102 207 1.34 308 NO 
01.1103 17.2 2.43 11.8 69.3 
01.1104 15.3 NO 955 NO 
Ol.eUOOI-I 17.1 2 



Table 4.3.8 (continued) 

Low base unfiltered" Filtered" High base unfiltered" Filtered" Other unfiltered" 

Location' 22lIJU 22lIJU 228Ra ~ 228Ra 226Ra 228Ra 226Ra 228Ra 
0I.CHOO!-3 28.4 
01.CHOO8-6 NO 
0I.CHOO8-4 NO 
OI.CHOOS-1 NO 
01.CHOO8-2 ND 
01.CHOO8-7 NO 
01.CHOO8-5 NO 
0I.CHOO8-3 NO 
OI.CHIIA-1 138 
0I.CHIIA-3 ND 

"The value reported is the maximum activity found at the specified location, whether a regular or duplicate sample. 
'Refer to Table 3.3.5 for further details ou the intervals sampled withiu the coreholes. 
'Also sampled during storm event. Result = 66.3 pCilL ± 57.5 in filtered sample. 

226Ra 

2 
13.3 
0.7 

1.4 

3.9 

4.7 

NO 

1 
0.9 

0.3 

Filtered" 
228Ra 226Ra 



Table 4.3.9. Transuranics detected in Phase I groundwater samples 

Filtered! Sample Sampling 
Location Compound unfiltered Result Error type date 

01.0596 Am-241 U 20.4 7.9 RG 08-OCT-91 

01.CHOO8 Am-241 U 4.6 3.3 RG 03-SEP-91 

0l.CHOO8 Am-241 U 3.86 1.96 RG 19-AUG-91 
01.0593 Am-241 U 1.69 1.11 RG 17-OCT-91 

0l.CHOO8 Am-241 U 1.68 1.57 RG 21-AUG-91 

01.CHOO8 Am-241 U 1.48 1.09 RG 27-AUG-91 
0l.CHOO8 Am-241 U 1.23 0.93 DU 21-AUG-91 
01.0571 Am-241 U 0.46 0.29 RG 21-MAR-91 

01.0603 Am-241 F 0.43 0.25 RG 15-OCT-91 
01.0603 Am-241 U 0.41 0.3 RG 15-OCT-91 

01.0608 Am-241 U 0.29 0.22 RG 17-OCT-91 
01.0571 Am-241 U 0.24 0.17 DU 21-MAR-91 

01.0608 Am-241 F 0.21 0.18 RG 17-OCT-91 

01.0607 Am-241 F 0.19 0.18 RG 15-OCT-91 .... , -01.0608 Cm-244 U 108 44 RG .... 
w 

01.CHOO8 Cm-244 U 87.6 40.9 DU 21-AUG-91 

01.0590 Cm-244 U 44.7 22.6 RG 

01.0593 Cm-244 U 34.2 17.9 RG 

01.0598 Cm-244 F 12.2 2 RG 28-SEP-90 

01.0590 Pu-238 F 0.64 0.42 RG II-OCT-91 

01.0571 Pu-238 U 0.52 0.45 DU 21-MAR-91 

01.0571 Pu-238 U 0.5 0.46 RG 21-MAR-91 

01.0590 Pu-238 U 0.4 0.34 RG II-OCT-91 

01.0571 Pu-239124O U 1.11 0.69 RG 21-MAR-91 

01.0571 Pu-239124O U 0.55 0.46 DU 21-MAR·91 

01.0590 Pu-239124O U 0.3 0.27 RG 1I-OCT-91 



Table 4.3.10. Summary or chemical contamination detected in WAG 1 groundwater 

CAS No. Compouod Units Minimum Error f1.g Maximum Error Flag Average Hila Count 

BNAE 

98-86-2 AcetophenoDO pg/L 6 J 6 J 6 8 

86-30-6 Benzenamioe. N·Nitroao-N- pg/L 2 J 6 J 3.75 15 163 

117~1-7 1IiI(2-Etbylhexyl) PthaIa pg/L 2 J 44 J 16.17 28 163 

85-611-7 Butyl Beozyl Ptholatc pg/L 13 13 13 I 163 

1011-95-2 Carbolic Acid pg/L 2 J 2 J 2 151 

84-74-2 J);..n-butyI PhllWatc pg/L J 75 14.29 10 163 

91-20-3 Napb1baIcoc pgIL 10 J 14 J 12.00 2 163 

91-57-6 N.pthal ..... 2-Mcthyl pg/L 3 J 4 J 3.5 2 163 

85'()1-8 Phenathrcoc pgIL 2 J 2 J 2 163 

117~ Phthalic Acid. J);octyl Eater pgIL J 2 J 1.5 2 163 

CYANIDE ~ , .... 
57-12-5 Cyanlde pg/L 100 100 100 138 t: 
METALS (VNnLTEREU) 

7429-90-5 Aluminum pgIL 18 180000 '25666.06 162 206 

7440-36-0 Antimony pg/L 26.2 162 56.85 20 202 

7440-311-2 Anenic pg/L 2 J 282 21.35 43 202 

7440-39-3 Barium "gIL 14.2 1450 201.2 204 206 

744Q.41-7 Beryllium pgIL 21.3 4.48 n 206 

744Q.43-9 Cadmium pgIL 2 29.9 7.64 60 206 

7440-71).2 Calcium pg/L 16900 1330000 223020.59 206 206 

744Q.47-3 Chromium pgIL 4.1 282 45.09 152 206 

744Q.411-4 Cobalt pgIL 4.2 267 30.93 97 206 

7440-51).8 Copper pg/L 4.4 J 224 36.31 104 206 

7439-89-6 Iron 13.4 437000 J 29070.84 197 206 

~ 



Table 4.3.10 (continued) 

CAS No. Compouud U .... Minimum Error Flag Maximum Error Flag Average Ir .. COOnl 

7439·92-1 Lead I'IlIL 1.1 628 J 44.38 137 206 

7439·95-4 Maguesium pgIL 496 104000 24295.99 206 206 

7439-96-5 MaDguICIC I'IlIL 1.8 14400 1603.2 202 206 

7439-97-6 Mercury pgIL 0.24 2.4 J 0.76 15 174 

74<ID-09-7 Nickel pgIL 4.4 304 52.44 113 206 

74<ID-09-7 PoIuoium I'IlIL 313 51600 5405.32 193 206 

7782-49-2 Selenium. pgIL 3.2 J 5.8 J 4.78 4 161 

7440-22-4 Silver I'IlIL 2.6 J 132 20.92 70 206 

7440-23-5 Sodium I'IlIL 2210 691000 25440.51 204 206 

7440-2~ lbalium pgIL 5.6 2470 1353.15 4 201 

7440-62-2 Vanadium I'IlIL 3.2 379 J 48.87 129 206 
.j>. 

744().66.6 ZiJIe I'IlIL 5 57200 1082.76 164 206 
, ..-

.j>. 

METALS-fILTERED 
VI 

7429-9G-5 Aluminum I'IlIL 17.6 1830 196.72 57 175 

7440-36-0 AnIimoDY pgIL 13.2 33.5 20.95 15 174 

7440-38-2 Ancaic pgIL 2.1 7.4 3.64 20 170 

7440-39-3 Barium. I'IlIL 3.9 375 83.78 175 175 

7440-41-7 BeryDium I'IlIL 1.1 J 1.05 4 175 

7440-43-9 Cadmium pgIL 2 9 3.86 24 175 

7440-70-2 Calcium I'IlIL 1300 203000 89246.34 175 175 

7440-47-3 Chromium. pgIL 3.4 27.5 17.11 35 175 

7440-48-4 Cobalt I'IlIL 5.1 14 8.56 9 175 

7440-50-8 Copper pgIL 3.8 42.8 12.84 41 175 

7439-89-6 Iroo I'IlIL 10.2 17400 1406.68 135 175 

7439-92-1 Lead pgIL 1.2 25.9 4.13 56 175 

7439-95-4 Magoc.sium. pgIL 636 45000 14709.78 175 175 



Table 4.3.10 (continued) 

CAS No. eompou ... U .... Minimum Error Flag Maximum Flag Average Hits Count 

7439-96-S MaogaOCllC pgIL 1.2 11000 IOS3-43 154 17S 

7439-97-6 M=IU}' pgIL 0.24 1.3 J 0.92 7 174 

7440-C2-0 Nickel pgIL 4.2 S1.3 1'-19 23 17S 

7_-7 Potassium pgIL 306 J 147000 2127.03 IS3 17S 

m2-49-2 Selenium pg/L 2.2 J 13.9 6.42 S ISS 

7440-22-4 SilvCl' pg/L 3.9 20.3 13.53 27 174 

7440-23-S Sodium pgIL 1310 732000 27496.32 174 17S 

744().2~ 1baDium pgIL 3.3 1 3.3 J 3.3 174 

7440-62-2 Vanadium pg/L 3.1 1S.3 10.22 IS 17S 

7440-66-6 ZiDc pg/L 2.2 74S 62.25 90 17S 

PEST/l'CB 

319-35-7 
~ 

BeIa-BHC pgIL 0.1 J 0.32 0.13 3 140 0 -~ 319-36-8 DeIta-BHC pg/L 0.67 0.67 0.67 142 a. 

VOC 

71-S5-6 1,1,1-Tricblorodhanc pg/L 2 J 30 13.14 7 171 

79-34-3 1,1-DichlorocIhaoc pgIL J 42 20.14 3 171 

7S-35-4 I,I-Dicbloroelhylcoc pgIL J 4 2.67 3 171 

107~2 1,2·Dicblorocthauc pg/L 2 J 2 J 2 171 

S40-S9-O I,2-Dicblorodhylcno pg/L J 170 22.32 36 166 

S91-73-6 2--HCDDODC pg/L 2 J 13 J 6.33 3 171 

67-64-1 AcctoDe pgIL 4 J ISO J 40.63 9 170 

71-43-2 Bcnzeuc pgIL SI J 160 J 103.5 4 171 

7S-IS-O Carbon Disulfide pg/L J 7 3.3 3 169 

S6-23-S Carbon Tctnchloridc pg/L 2 J 19 J 9.25 4 171 

67-66-3 Chloroform, pgIL J 32 14.33 31 171 

100-41-4 Elhylbcazo: .. pg/L 25 J 120 J 62.5 4 171 

~ 



Table 4.3.10 (continued) 

CAS No. Compouud Units Minimum. Ener Flag Maximum Flag Average Hits Counl 

75-27-4 MeLbaoc. bromodicbloro pgfL 5 5 5 2 171 

74-87-3 Methyl Chloride pgfL 18 18 18 171 

75~-2 MeLbylcoe Chloride pg/L J 74 15.17 11 171 

108-1().1 Mcthyl;l!Obutylkclooe pgfL 14 31 J 22.5 2 171 

11G-86-1 Pyridine pgfL 26 J 26 J 26 3 

127-18-4 Tetnchlorocthylcoe pgfL J 39 12.09 13 171 

108-8'-3 Toluene pgfL J 150 31.19 19 171 

79~I-6 Tricbloroclb.yleac pgfL 2 J 210 59.67 24 170 

75~1-4 V myl Chloride pgfL 3 J 43 12.36 12 171 

133().2().7 Xyl ... (Tooo1) pgfL 23 J 190 83.5 4 170 

""" , -:!J 



Table 4.3.11. Maximum concentrations of VOCS detected in Phase I groundwater 
samples from WAG 1 

Volatile organic 
compound RCRA action Low base High base Storm Miscellaneous 

(pgfL) MCL limit" maximum maximum maximum sampling 

1,1-Dichloroetbane 42J 18 32 
1,1-Dichloroethene 7 7 (MCL) 4J 3J 
1,1,1-Trichloroethane 200 3000 30 9 16 4J 
1,2-Dichloroethene (cis) 7fY' 17CY' 55 32J 21 
1,2-Dichloroethene (trans) 10fY' 13J 
1,2-Dichloroetbane 2J 

2-Hexanone 4J 
Acetone 4000 19J 33 37J 180 

Benzene 5 160 511 93J 
Bromodichloromethane 0.03 5 5 

Carbon disulfide 4000 7 5 

Carbon tetrachloride 5 0.3 3J 19J ..,. 
• 

Chloroform 6 24 23 32 17 .... ..,. 
Ethylbenzene 70fY' 4000 120J 25J 30J 

00 

Methyl chloride (chloromethane) 18 

Methyl isobutyl ketone 311 

Methylene chloride 5 5 74 7J 4J 

Pyridine 261 

Tetrachloroethene 5f 0.7 22 39 9 6 

Toluene l00fY' 10,000 411 10 11 150 

Trichloroethene 5 5 (MCL) 210 160 140J 180 

Vinyl chloride 2 43 12 7J 18 

Xylene 10,00fY' 70,000 190 511 701 
·See Figs. 4.3.15 iliIOugJl4.3.18 for locabons of the listed maximum concentrations. 
'Proposed RCRA corrective action for SWMUs at hazardous waste sites, 55 FR 30798 (July 27, 1990). 
'MCL effective July 30, 1992,56 FR 3526 (January 30, 1991). 
'1988 SOW for Organic Analyses does not require that the isomers of 1,2-Dichloroethene be differentiated. 
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Table 4.3.12. Total VOC concentrations detected in Phase I groundwater samples 
from WAG 1 

Miscellaneous 
Low base High base High base storm sampling 

Location (pg/L) (pg/L) (pg/L) (pg/L) 
01.0533 IJ 0 
01.0536 2 0 
01.0538 7 0 
01.0539 24 8 
01.0540 0 0 
01.0541 8 5 
01.0543 215 68 
01.0545 3 0 0 
01.0546 NS 28 
01.0548 NS 19 
01.0549 0 0 0 
01.0550 NS 7 
01.0553 530 (412)' 164 442 
01.0554 20 12 12 
01.0558 NS 2 
01.0563 NS 8 
01.0564 7 11 
01.0566 21 0 4 
01.0571 0 0 
01.0572 2 4 
01.0579 0 0 0 
01.0584 0 0 0 
01.0587 12 0 
01.0588 99 
01.0589 10 4 
01.0596 55 
01.0597 29 28 32 
01.0598 211 190 172 
01.0599 0 112 
01.0601 1 1 
01.0602 37 22 10 
01.0604 0 6 
01.0610 0 0 
01.0611 11 0 
01.0614 NS 0 
01.0618 60 0 
01.0620 0 0 
01.0621 0 0 
01.0622 5 0 
01.0623 0 0 0 
01.0624 0 0 
01.0814 29 NS 7 
01.0818 0 NS 
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Table 4.3.12 (continued) 

( 
Miscellaneous 

Low base High base High base storm sampling 
Location (pg/L) (pg/L) (pg/L) (pg/L) 

01.0819 0 NS 
01.0820 NS NS 4 
01.0828 NS NS 3 
01.0873 28 37 
01.0874 0 0 
01.0875 0 5 
01.0876 41 14 
01.0877 0 0 
01.0878 0 0 
01.0879 4 0 
01.0880 0 NA 
01.0881 0 38 
01.0882 0 0 
01.0884 0 0 
01.0885 23 9 
01.0886 36 72 
01.0946 NS 0 3 
01.0987 NS 0 
01.0988 NS 0 
01.1100 57 2 
01.1101 0 35 
01.1102 6 8 
01.1103 33 3 
01.1104 0 0 
CHool-l 2J 
CH001·3 2J 
CH003·1 43 
CH006·1 165 
CH006·2 38 
CH006-4 62 
CH008·6 17 
CH008·7 19 
CHOO9·2 40 
CHOO9·4 321 
CH07A·1 182J 
CH07A·2 97 
CH11A·1 4J 
CH11A·3 4J 
CH0l2 2J 

'Value in parenthesis indicates 2 sampling events at that well location. 
NS = not sampled. 
NA = not analyzed for. 

NOTE: This table was generated by extracting maximum values from report used in Table 4.3.14. 
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Table 4.3.13. Sample-specific VOCS detected In Phase I groundwater samples 

( 
from WAG I" 

High 
base 

Low base High base stonn Miscellaneous 
Location Compound (pg/L) (pg/L) (pg/L) (pg/L) 

533 Toluene 11 NO NS 
536 2-Hexanone 21 NO NS 

538 Trichloroethylene 31 NO NS 

2-Hexanone 4J NO 

539 1,2-0ichloroethylene 21 NO NS 
Chlorofonn 16 8 
Trichloroethylene 6 NO 

541 1,2-0ichloroethylene 8 4J NS 

Methylene chloride NO 11 
543 1,2-0ichloroethylene 170 55 NS 

Carbon disulfide IJ NO 
1,l-Dichloroethylene IJ NO 
Vinyl chloride 43 11 
Methylene chloride NO 21 

545 Carbon tetrachloride 31 NO NO 

546 Trichloroethylene NS 27 NS 
Ch10rofonn IJ 

548 1,2-0ichloroethylene NS IS NS 
Trichloroethylene NO 41 NO 

550 Chlorofonn NS 41 NS 
Trichloroethylene 31 

1,2-0ichloroethane 21 NO 
553 Vinyl chloride NO NO NO 71 

1,1-0ichloroethane 40 421 18 32 
Benzene 160 1301 511 931 
4-Methyl-2-pentanone NO 311 NO 
Toluene 35 411 101 111 
Xylene (total) 190 NO 511 701 
Ethylbenzene 75 1201 251 301 
1,1,1-Trichloroethane 30 281 9 16 
1,l-Dichloroethylene NO 41 NO 31 
Acetone NO 141 NO NO 

554 Tetrachloroethylene 17 9 9 
1,1-0ichloroethane 11 NO NO 
Carbon disulfide 21 NO NO 
Chlorofonn NO 31 31 

558 Chlorofonn NO 21 NO 
563 1,2-0ichloroethylene NS 6 NS 

Carbon disulfide NS 21 NS 
564 1,l-Oichloroethane 31 5 NS 
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Table 4.3.13 (continued) 

( 

High 
base 

Low base High base storm Miscellaneous 
Location Compound (pg/L) (pg/L) (pg/L) (pg/L) 

Trichloroethylene 21 21 
1,2-0ichloroethylene 11 NO 
Tetrachloroethylene 11 11 
1 , 1 , I-Trichloroethane NO 31 

566 Carbon disulfide 7 NO 
4-Methyl-2-pentanone 14 NO 
1,1,1-Trichloroethane 21 
Chloroform 21 

572 Carbon disulfide 21 NO NS 
Acetone NO 41 

587 Toluene 6 NO NS 
Chloroform 6 NO 

588 2-Hexanone 131 
Trichloroetbene 161 
Carbon tetrachloride 191 
Acetone 371 
Chloroform 141 ( 

589 Chloroform 8 4] NS 
Trichloroethylene 21 NO 

596 Chloroform 221 
Carbon Tetrachloride 131 
Trichloroethene 20 

597 Bromodichloromethane 5 5 NO 
Chloroform 24 23 32 

598 Chloroform \J NO NO 
Trichloroethylene 2\0 160 1401 
1,2-0ichloroetbylene NO 30 321 

599 Acetone NO 33 NS 
Carbon disulfide 5 
Methylene chloride 74 

601 1,2-0ichloroetbylene 11 NO NS 
Metbylene chloride NO 11 

602 Trichloroethylene 23 18 \0 
1,2-0ichloroetbylene 6 31 NO 
I ,1-Dichloroetbane 11 NO NO 
Vinyl chloride 31 NO NO 
Acetone 41 NO NO 
Chloroform NO 11 NO 

604 Carbon disulfide NO 21 NS 
Chloroform 41 
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Table 4.3.13 (continued) 

High 
base 

Low base High base storm Miscellaneous 
Location Compound (pg/L) (pg/L) (pg/L) (pg/L) 

611 Acetone 11 NO NS 
618 Methyl chloride 18 NO NS 

Xylene (total) 23 NO 
Acetone 19J 

622 1,2-0ichloroethylene 5J NO NS 
814 Chloroform 3J NO NO 

Methylene chloride 7J 
Pyridine 261 

820 Methylene chloride A A 4J 
828 Methylene chloride NO 3J 
873 1,2-0ichloroethylene 161 16 ? 

Tetrachloroethylene 12 14 
Trichloroethylene NO 7 

875 1,2-Dichloroethylene 5 NS 
876 1,2-0ichloroethylene 17J 14 NS 

Trichloroethylene 24 NO NO 
879 Carbon disulfide 4J NO NS 
881 1,2-0ichloroethylene NO 26 NS 

Vinyl chloride NO 12 
885 Vinyl chloride 5J NO NS 

1,2-0ichloroethylene 181 9 
886 1,2-0ichloroethylene 14J 18 NS 

Tetrachloroethylene 22 39 
Trichloroethylene NO IS 

946 Methylene chloride A 3J 
1100 1,2-0ichloroethylene 46 2J NS 

Vinyl chloride 11 NO 
1101 1,2-0ichloroethylene 35 
1102 Vinyl chloride 61 8J NS 
1103 1,2-0ichloroethylene 81 3J NS 

Trichloroethylene 61 NO 
Vinyl chloride 19 NO 

CHOOI-I Toluene 2J 
CHOOI-3 Toluene 2J 
CH003-1 1,2-0ichloroethylene 8 

Toluene 8 
Acetone 27 

CH006-1 1,1,1-Trichloroethylene 4J 
Methylene chloride 3J 
Toluene ISO 



Location Compound 

Chloroform 
CHOO6-2 Chloroform 

Toluene 

CHOO6-4 Toluene 
CHOO8-6 Chloroform 

CHOO8-7 Chloroform 
Methylene chloride 

Toluene 
CHOO9-2 l,2-Dichloroethylene 

Vinyl chloride 
Toluene 

CHOO9-4 Acetone 

Toluene 
1,2-Dichloroethylene 

CH07 A-I Tetrachloroethylene 

Trichloroethylene 
CH07A-2 Trichloroethylene 

Chloroform 

Tetrachloroethylene 

Toluene 

CH11A·1 Toluene 

CH11A-3 Toluene 
CH012 Chloroform 

4-154 

Table 4.3.13 (continued) 

Low base 
(pg/L) 

High base 
(pg/L) 

High 
base 

storm Miscellaneous 
(pg/L) (pg/L) 

8 
4J 
34 

62 

17 
12 
4J 

3J 

17 

18 
5 

180 

120 
21 
2J 

180 
87 

2J 
6 

2 

4J 

4J 
2J 

'At locations where field duplicate samples were collected, the maximum detected value is listed. 

Notes: A 
J 
ND -
NS -
B 
D 

sampled by RIfFS Team, analyzed by ORNL (results not available). 
estimated concentration. 
not detected. 
not sampled. 
also in associated method blank. 
value obtained by dilution. 

NOTE: This table was generated by extracting summed values from report used in Table 4.3.14. 
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( 
Table 4.3.14. Summary of VOCs detected in perimeter wells, November 1988-October 1990 

Frequency of detect range (pg/L) 

Location of Date of 
Compound Detection Minimum Maximum Prefix. maximum maximum 

Acetone 16/46" 2 S JB 808 Jun-89 
Benzene 3/43 0.3 2 J 824 Sep-90 
Chloroform 6/48 3 IS 812 Oct-90 
Hexane-20.1 16/16" IS 16 JB 807 Sep-90 
Methylene chloride 3/6S 1 3 J 813,816 Sep-90 
Trichlorqethene SI47 3 11 813 Jun-89 

l,lol-trichloroethane 1142 3 J 823 Oct-89 
Vinyl chloride 2/42 18 28 82S Jun-89 

"All positive detections qualified with "JB." 
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Table 4.3.15. Summary DC BNAE compounds in perimeter wells 
( 

Detected range 

No. Location Date 
Compound of dctcctl Min Max of maximum of maximum 

1,13·TETRADECADIENE 4 130 B 220 B 809 Sep·90 

1,2·DlCHLOROBENZENE 10 819 001·90 

1,2,4-TRlCHLOROBENZENE 2 10 B 819 001·90 

1,3·DlCHLOROBENZENB I 10 819 001·90 

1,4-DlCHLOROBENZENE I 10 819 001·90 

2-CHLORONAPIITHALENB 10 819 001·90 

2-CHLOROPHENOL 2 10 816,819 Sep·90 

2·NTrROAN1LINB 50 816 Sep·90 

2·NITROPHENOL 10 816 Sep·90 

2,4-DlCHLOROPHBNOL 10 816 Sep·90 

2,4-DIMETHYLPHBNOL 2 10 816,818 Sep·90 

2,4-DINITROPHENOL 2 50 816,818 S,p·90 

2,4-DINITROTOLUENE 10 818 Sep·90 

2,4,5·TRICHLOROPHENOL 50 818 Sep·90 

2,4,6·TRICHLOROPHENOL 10 818 Sep·90 

2,6·DINITROTOLUENE 10 818 Sep·90 

4-BROMOPHENYL-PHENYLIITHER 10 819 Sep·90 

4-CHLORO·3·MIITHYLPHENOL 10 819 Sep·90 

4-CHLOROPHENYL-PHENYLETHER 2 10 11 I 814 Oct·89 

ANTHRACENE 11 I 813 001·89 

BENZYL ALCOHOL 10 I 818 Sep·90 
B 

BIS(2·CHLOROISOPROPYL)IITHER 2 3 I 6 I 807 1un·89 
BIS(2·IITHYLHEXYL)PIITHALATB 4 8 41 809 S'p·90 

DmENZOFURAN 10 816 Sep·90 

DIE"fHYLPHTHALATE 3 10 I 6 I 816 Sep·90 
B B 

DIMBTHYLPHTHALATE 10 816 S.p·90 

DI·N·OCTYLPHTHALATE 2 10 220 810 Sep·90 

FLUORAN'THENE I 10 816 Sep·90 

FLUORENE 10 816 S'p·90 

HEXACHLOROBENZENE 10 816 Sep·90 

HEXACHLOROBUTADIENE 10 I 816 Sep·90 
B 

HEXACHLOROETHANE 3 10 I 813,814,818 001·89 

INDENO(I,2,3-CD)PYRENE 4 10 I 813 001·89 

ISOPHORONB I 10 818 Sep·90 

N·NITROSQ-DI·N·PROPYLAM1NB 10 818 Sep·90 

PHENANTHRENE 10 J 818 Sep·90 

PHENOL 10 819 001·90 

PYRENB 10 819 001·90 

UNKNOWN BNAB COMPOUNDS 30 0.9 J 27 I 824 Sep·90 

NOTE: This table waa generated manually ulina data from ORNL data base. tablu TOT8890 and DID8890. 



Table 4.3.16. Summary of results for metals analyses of groundwater samples 

Maximum reference Maximum concentration (p.glL) Filtered (p.glL) 
SDWA Value No. of detect Above Above 

Metal MCLs" (p.g/L) Type locations max. ref. MCL Value Location Type Value Location 
Aluminum NA 4400 U 69 45 NA 176000 553 U 1830 538 
Antimony NA NO 17 17 NA 49.11 553 U 33.5 536 
Arsenic 50 2.6 U 36 25 0 24.1 CH006 U 7.4 622 
Barium 2000 148 U 79 43 0 1450 603 U 375 1102 
Beryllium NA NO 44 44 NA 21.3 553 U 1.11 CHOO9 
Cadmium 5 5.2 U 32 8 8 26.9 553 U 9 879 
Calcinm NA 138000 U 80 44 NA 1330000 608 U 203000 543 
Chromium 100 25.7 U 63 37 17 2681 553 U 27.5 541 
Cobalt NA NO 44 44 NA 267 553 U 14 880 
Copper 1300 9.3 U 51 44 0 224 553 U 42.8 597 
Iron NA 5100 U 78 50 NA 4370001 553 U 17400 610 
Lead 15 25.7 U 73 30 39 6281 587 U 25.9 553 
Magnesium NA 28400 F 79 26 NA 96500 549 U 45000 879 
Manganese NA 1600 U 80 32 NA 14400 593 U 11000 877 ~ • Mercury 2 NO 19 19 1 2.4J 543 U 1.81 CHOO6 -'VI 

Nickel NA 38.6 U 53 26 NA 304 553 U 51.3 536 -l 

Potassium NA 3830 F 80 38 NA 25000 603 U 14700 590 
Selenium 50 NO 9 9 0 5.8 CH008 U 18.9 814 
Silver NA NO 40 40 NA 30.7 553 U 20.3 879 
Sodium NA 49000 F 79 7 NA 732000 CH006 U 732000 CH006 
Thallium NA NO 2 2 NA 5.6 603 U 3.3J 588 
Vanadium NA 5.8 U 54 49 NA 379J 553 U 18.3 536 
Zinc NA 32.1 U 71 53 NA 57200 608 U 745 548 

"MCL taken from "Applicable or Relevant and Appropriate Requirements (ARARs) and To-Be-Considered ernC) Guidance" , May 1992, U.S. DOE 
Contract No. DE-AC05-840R21400. 

NA - No applicable SDWA MCL found. 
NO - Not detected. 
U - Unfiltered sample. 
F - Filtered sample. 
J - Estimated cocentration. 

NOTE: This table was generated manually using data from ORNL data base tables T0T8890 and OIS8890. 



Table 4.3.17. Summary of metals detected in perimeter wells, November 1988-October 1990 

Detected rong. (mgIL) Detected nngc (mgIL) 

Frequency of Location of Date of Frequency of Detected Localiooof Data of 
Compound detection Minimum Maximum maximum Maximum detection minimum Maximum. maximum. maximum 

Silver 221114 0.005 0.017 806 I2-Oc.-89 21/69 0.016 0.005 815 3()-May-39 

Aluminum 751113 0.062 12 816 ~-89 32169 0.059 0.65 809 16.o.t-89 
Ar>cnic 3/137 0.05 0.074 807 07-5cp-90 2192 0.01 0.064 807 07-5cp-90 

Boroo 311113 0.08 1.1 808 IG-Scp-90 20/69 0.082 1.1 808 IG-Scp-90 
Barium 70/114 0.0033 2.3 820 01-1u.-39 69169 0.003 0.34 809 14-JuII-89 
Beryllium 291113 0.00032 0.031 828 lS-Jun-89 6/69 0.029 0.03 829 lS-lun-89 
Calcium 1131113 0.54 160 809 14-100-39 69169 0.96 170 809 14-100-39 
Cadmium 151114 0.0086 0.045 820 01-lu0-39 8/69 0.0042 0.011 809 14-1u.-39 
Cobalt 18/113 0.003 0.014 823 I8-Oc.-39 14169 0.003 0.0084 828 17-00.-89 
Chromium 571114 0.005 0.11 812 2()-loo-39 51169 0.0042 0.027 809 14-JuII-89 
Copper 18/113 0.0086 0.6 816 16-Fcb-89 6/69 0.0088 0.021 818 03.o.t-89 

Iron 1051113 0.011 17 809 1().Scp-90 38/69 0.011 15 809 IG-Scp-90 
Mercury 31113 0.0001 0.001 827 03-Fcb-89 7/69 0.0001 0.0002 814 06-1un-89 
Potaaaium 23/23 0.68 6 808 I()-Scp-90 23/23 0.7 6.3 808 IG-Scp-90 
Uthium 21109 0.24 0.32 811 26--J80-89 0/65 
Magneaium 113/113 0.43 32 826 24.scp-90 69169 0.46 32 815 3()-May-39 
Mang......, 106/113 0.0012 6.7 807 13-1u.-89 49169 0.0024 7 807 13-100-39 ~ 

Sodium 99/113 • 2 340 811 12-1u0-39 56169 2.4 310 811 10.0.t-89 -VI 
Nickel 411113 0.0041 0.052 823 18.o.t-89 13/69 0.0042 0.036 823 18.o.t-89 00 

Lead 11114 0.04 816 02-00.-39 0/69 
Antimony 11136 0.17 828 17-00.-39 8194 om 0.11 829 13-00<-39 

Silicon 113/113 0.99 8.9 816 2()-Scp-90 69169 2.2 8.8 807 I2-Oc.-39 

Strontium 91191 0.056 2-7 821 04-00.-39 69169 0.075 2.6 821 01-100-89 

Titanium 311113 0.02 0.086 816 02-00.-39 0/69 
VaDldium 49/113 0.0033 0.016 816 3()-Nov-38 3/69 0.0032 0.0039 825 19-00.-89 

Zinc 76/113 0.0062 0.37 813 12-Dec-38 29169 0.0051 0.052 828 01-00.-90 

NOfE: This table was created manuaUy using Iillinga of the Energy SystelM perimeter well chemical data tables. 



Table 4.4.1. Previous soils investigations at WAG 1 

Map Ref. 
Source Sample location Parameter Concentration Units No: 

Oakes and Shank 1m SWSA2 U ND-Ll pCilg I 

Th 0.093-0.88 pCilg 

Sr-90 0.27-1.7 pCilg 

Pu 0.020-0.14 pCilg 

Cs-137 ND-1.9 pCilg 

K-40 ND-16 pCi/g 

Ra-226 0.4-1.1 pC"i/g 

Th-232 0.60-1.5 pC"i/g 

Pu-239 <0.00045-0.22 pCilg 

Pu-238 <0.00045-0.0059 pCilg 

Oakes 1983a Building 3503 Hg 0.8-25 ppm 7 

Building 3592 Hg 4.1-320 ppm 

Building 4501 Hg 0.12-465 ,.g/g 

Oakes 1983b Bank of Fifth Creek-31 Hg 465 ppm 8 ~ 
• 

Building 4501-20 Hg 0.05 ppm ... 
VI 

Huang et a1. 1984a North Tank Farm Tanks W-I W-4 Co-60 0.01-700 Bq/gm 14 
-0 

W-13 W-15 

Cs-137 0.01-17,000 Bq/gm 

Sr-90 0.09-2,500 Bq/gm 

Tank TH-4 Co-60 0.002-0.01 Bq/gm 

Cs-137 0.01-1.1 Bq/gm 

Sr-90 0.11-0.36 Bqlgm 

Tanks TH-I, 2, 3 Co-60 0.01-0.31 Bq/gm 

Cs-137 0.03-280 Bq/gm 

Sr-90 0.02-170 Bq/gm 

Tank W-11 Co-60 0.01-0.44 Bq/gm 

Cs-137 0.01-110 Bq/gm 

Sr-90 0.20-54 Bq/gm 

Tank WC-I Co-60 0.02-22 Bq/gm 

Cs-137 0.02-44 Bq/gm 



Table 4.4.1 (continued) 

Map Ref. 
Source Sample location Parameter Concentration Units No: 

Sr-90 0.14-200 Bqlgm 

Tanks WC-IS, 17 Am-241 0.0008-3.9 Bqlgm 

Cm-244 0.0009-2.7 Bqlgm 

Cs-134 0.074'{).33 Bqlgm 

Cs-137 O.OIS-11 Bqlgm 

Eu-IS4 0.0374.8 Bqlgm 

Pu-238 0.00024.2 Bqlgm 

Tanks WC-IS, 17 Pu-239 0.0003.{).90 Bqlgm 

Sr-90 0.035-11 Bqlgm 

Huang et al. 1984b Impoundment 3S13 Gross Gamma" n4,600 cpslkg IS 

Cs-137" 0.2548 Bqlg 

Sr-9O" 0.OS-74 Bqlg 

Gross Gamma" 1249 cpslkg ..,. 
Cs-l37" <0.01'{).12 Bqlg 

, -
Sr-9O" 0.03.{).82 Bq/g S 
Pu-239 <O.I-SOO Bqlkg 

Pu-238 <0.1-10 Bqlkg 

Am-241 0.4-100 Bqlkg 

Cm-244 0.3-10 Bqlkg 

Cs-137 8004,000 Bqlg 

Co-60 1040 Bqlg 

Eu-IS4 4 Bqlg 

Pu-239 20-80 Bq/g 

Pu-238 1.0-2.8 Bqlg 

Am-241 S-14 Bqlg 

Cm-244 1.1-3.6 Bqlg 

Sr-90 200-S40 Bqlg 

3074 Area Gross Alpha 0.16-9.8 Bqlkg 

Gross Beta 0.58-14 Bqlkg 

Sr-90 0.9 Bqlkg 



Table 4.4.1 (continued) 

Map Ref. 
Source Sample location Parameter Concentration Units No: 

3019-West End Gross Alpha 0.30-2.2 Bqlkg 

Gross Beta 0.39-7.7 Bqlkg 

Sr-90 0.014.0 Bqlkg 

3019 Manholes Gross Alpha 0.IS-2.1 Bqlkg 

Gross Beta <0.024.8 Bqlkg 

Cs-137 O.OHI.04 Bqlkg 

Co-60 0.00-0.02 Bqlkg 

3001 Area Gross Alpha 0.17-3.8 Bqlkg 

Gross Beta 0.27-74 Bqlkg 

Sr-90 4.2 Bqlkg 

3028 Area Gross Alpha 13-338 Bqlkg 

Gross Beta 1,600-17,300 Bq/kg 

Sr-90 so-nl Bqlkg 

Cs-137 63 Bqlkg .j>o. 

Co-60 340 - 2.0 E+S Bqlkg 
, .... 

0-
3028/3047 Area Gross Beta 1.6 E+6 - 1.73 E+ 7 Bq/kg 

.... 
Gross Alpha 1.3 E+4 - 3.38 E+S Bqlkg 

Sr-90 S E+4 - 7.71 E+S Bqlkg 

Co-60 3.4 E+S - 1.97 E+8 Bqlkg 

Eu-IS2 3.1 E+S - 2.41 E+7 Bqlkg 

Eu-IS4 200 E+S - 1.6 E+7 Bqlkg 

Eu-ISS Trace - 3.59 E+6 Bqlkg 

Cs-137 6.3 E+4 Bqlkg 

Oakes 1985 3028/3047 Area Co-S7 I.S9 E+7 Bqlkg 

Zr-9S 6.82 E+S Bqlkg 

3019/3028 Leak Areas Gross Alpha ISO - 3.38 E+S Bqlkg 

Gross Beta <20 - 17.3 E+6 Bq/kg 

Sr-90 10 - 7.71 E+S Bqlkg 

Cs-137 20 - 6.3 E+4 Bq/kg 

Co-60 <I - 2.0 E+8 Bqlkg 



Table 4.4.1 (continued) 

Map Ref. 
Source Sample location Parameter Concentration Units No.-

Background Gross Alpha 0.5 Bqlkg 

Gross Beta 0.5 Bqlkg 

Sr-90 6 E'{)3 Bqlkg 

Cs-137 60 E'{)3 Bqlkg 

Co-60 <5 E'{)3 Bqlkg 

Energy Systems 1985 HP-34 Sr-90 0.12 pCilg 3 

Cs-137 0.62 pCilg 

Pu-239 0.005 pCilg 

Pu-238 0.001 pCilg 

U-238 0.17 pCi/g 

U-235 0.05 pCilg 

U-234 0.28 pCilg 

Grimsby 1986 3019 Bank Area Gross Alpha 1.0 E+3 - 1.7 E+5 Bqlkg 13 

Gross Beta 1.6 E+3 - 4.1 E+5 Bqlkg 
.". 

Pu-239 13 - 2.0 E+4 Bqlkg 
, ... 

Pu-238 1.2 - 1.2 E+3 Bqlkg ~ 
Am-241 23 - 3.6 E+3 Bqlkg 

Cm-244 27 - 3.2 E+4 Bqlkg 

Cs-137 640 - 6.3 E+5 Bqlkg 

Co-60 3.1 - 1.4 E+3 Bqlkg 

Williams, Clark, and Crutcher 1987 3503 Storage Pad Area Am-241 0.1 J.{).58 pCi/g 4 

Co-57 0.055 pCilg 

Co-60 0.077-30 pCilg 

Cr-51 3.0-34 pCilg 

Cs-134 9.4-230 pCilg 

Cs-137 1.6 - 1.8 E+5 pCi/g 

Eu-152 0.34-71 pCilg 

K-40 1.2-280 pCilg 

Mn-54 0.023-5.9 pCi/g 

Ra-226 0.48-1.5 pCilg 

~ 



Table 4.4.1 (continued) 

Map Ref . 
Source Sample location Parameter Concentration Units No. • 

Ra-228 0.85-3,800 pCi/g 

Tb-232 0.81-3,800 pCi/g . 

Tb-234 0.61-750 pCi/g 

Cm-244 0.00054-1.1 pCi/g 

Pu-238 0.13-700 pCi/g 

Pu-239 0.54-68 pCi/g 
Sr-90 1.9-110 pCi/g 

U-235 0.035-37.0 pCi/g 

U-238 < 1.8-930 pCi/g 

Energy Systems 1987a S3 Perimeter Station U-234 410-510 pCilkg 9 

U-235 25-73 pCilkg 

U-238 320-410 pCilkg 

Pu-238 1.0-6.8 pCiIkg .... • 
Pu-239 7.6-78 pCilkg -0-

Sr-90 110-210 pCilkg 
w 

Cs-137 380-2,500 pCiIkg 

Energy Systems 1988 ORNL Perimeter Stations Co-60 <0-73 pCilkg 10 

Cs-137 110-2,300 pCilkg 

U-238 -25 - 4.1 pCilkg 

Pu-239 0.92-35 pCiIkg 

Total Sr 46-760 pCilkg 

U-235 -3.8 - 210 pCi/kg 

U-238 220-1,500 pCilkg 

U-234 240-1,100 pCilkg 

Energy Systems 1989 ORNL Perimeter Stations Co-60 -0.035 - 0.41 pCi/g 11 

Cs-137 0.027-30 pCi/g 

Pu-238 -0.0019 - 0.0\2 pCi/g 

Pu-239 -0.0027 - 0.73 pCi/g 

Total Sr -0.024 - 10 pCilg 

U-234 0.21-0.95 pCi/g 



Table 4.4.1 (continued) 

Map Ref. 
Source Sample location Parameter Concentration Units No. • 

U-235 0.010-0.035 pCi/g 

U-238 0.14-0.57 pCilg 

Uziel Williams Tiner (1989) Impoundment 3524 Area Gross Alpha 180 - 19,000 Bqlkg 5 

Gross Beta 830 - 930,000 Bqlkg 

Co-60 <2 - 2,800 Bqlkg 

Cs-137 9.1 - 470,000 Bqlkg 

Cs-134 14 - 40 Bqlkg 

Eo-152 50 - 870 Bqlkg 

Eu-154 65 - 270 Bqlkg 

Eo-ISS 17 - 93 Bqlkg 

Autrey 1989 Tank WC-l Area Gross Alpha 270 - 300 Bqlkg 6 

Gross Beta llO - 4,400 Iiqlkg 

Co-6O <2- 54 Bqlkg "'" • 
Cs-137 3.4 - 1,100 Bqlkg -~ 

Tank WC-l Area K-40 190 - 340 Bqlkg 

Tank WC-15 Area Gross Alpha 230 - 830 Bqlkg 

Gross Beta 1 ,000 - 1,600 Bqlkg 

Co-60 <2 Bqlkg 

Cs-137 <2-5 Bqlkg 

K-40 680 - 880 Bqlkg 

Energy Systems 1990 ORNL Perimeter Stations Co-60 -0.035 - 0.057 pCilg 12 

Cs-137 0.051-1.5 pCilg 

Pu-238 -0.00070 - 0.0035 pCi/g 

Pu-239 -0.000027 - 0.049 pCilg 

Total Sr 0.014-0.78 pCilg 

U-234 0.20-0.97 pCilg 

U-235 0.0057-0.041 pCi/g 

U-238 0.14-0.62 pCilg 



Table 4.4.1 (continued) 

Map Ref. 
Source Sample location Parameter Concentration Units No.-

"Map reference number refers to the location identified on Fig. 4.5.1. 
"Hand cores NO = Not detected 
"Deep cores Nt A = Not available 



Table 4.4.2. Comparison or USRADS exposure rates and modeled exposure rates 

USRADS exposure rate Range of cesium-I 371barium-137 Modeled exposure rate 
Area range C!tR/h) . concentration in soil (pCi! g) range (}tRIh) 

Reactor heat exchanger area (Building 3087) 50-100 No soil data NA 

Building 3019/3074 50-500 8.91 6.8 

Building 3012/3112 Area 50-500 <I <I 

Isotope production area 50-1000 1-987 1-761 

North Tank Farm 50-250 3-163 2-130 

South Tank Farm 50->2500 2-762 2-588 

Rad. waste evaporator area 50-100 No soil data NA 
(area paved) 

Fission Product Development Lab. 50-5000 103-429 79-339 

Area south of Building 3525 50-1000 <I <1 

"'" • -'" Tank Farm southeast of Building 3587 50-500 <I <I '" 
Area south of Building 3597 50-1000 4-123 3-95 

3513/3524 impoundments 50-1000 4-1520 3-1172 

WOC floodplain 50-1000 6-6000 5-4600 

NA - not applicable 



Table 4.4.3. Summary or radiological contaminants detected in WAG soils 

Test 
group Compound Units Minimum Error Flag Maximum Error Flag Average Hits Count 

RAD Ac-228 pCilG .5 .48 9.09 1.22 1.53 160 160 
Alpha particle pCilG 3.9 7.4 3104.9 696 73.31 465 503 
Am-241 pCilG .06 .06 111 14 8.76 67 lOS 
Be-7 pCilg 1.43 1.4 3.91 3.77 2.67 2 2 
Beta particle pCi/g 8.1 4.4 62500 12500 871.44 500 503 
Bi-211 pCi/g .81 .65 1.18 1.12 I 2 2 
Bi-212 pCi/g .87 .76 10.1 2.8 2.49 68 69 
Bi-214 pCilg .37 .36 1.41 .29 .86 82 82 
Bismuth pCilg .42 .23 .7 .29 .56 2 2 
Ca-45 pCilg 12.4 4.6 ] 1470 90 ] 204.25 19 19 
Cd-I09 pCilg 4.87 2.5 4.87 2.5 4.87 I I 
Ce-144 pCilg 2.09 1.74 2.09 1.74 2.09 I I 
Cm-244 pCilg 1.3 .5 ] 453 89 ] 108.39 9 10 
Co-57 pCilg .06 .03 2.03 .29 .85 8 8 .j:>. , 
Co-58 pCi/g .25 .15 2.19 1.41 1.22 2 2 ..... 

0-

Co-60 pCilg .04 .02 99.5 9.6 5.1 106 106 .... 
Cs-l34 pCilg .43 .32 70.85 4.86 12.89 6 6 
Cs-137 pCilg .06 .05 22170 1286 398.02 347 471 
Eu-152 pCilg .81 .47 274.2 18.2 28.19 20 20 
Eu-154 pCi/g .73 .38 171.7 15.1 16.04 16 16 
Eu-155 pCilg 1.18 .61 5.9 2.4 2.59 4 4 
Fe-55 pCilg 6.3 5.1 ] 118 5 ] 46.65 6 22 
1-129 pCi/g 17.5 4.6 689 44 274.5 3 3 
K-40 pCi/g 1.55 1.21 39.92 6.49 14.51 415 416 
Mn-54 pCilg .03 .03 .13 .1 .08 3 3 
Na-22 pCi/g .05 .04 1.68 .31 .44 13 13 
Nb-95 pCilg .13 .11 .13 .11 .13 I 2 
Nd-147 pCilg .68 .65 .79 .41 .74 2 2 
Ni-63 pCilg 92.2 8.9 ] 34010 2440 ] 13435.31 7 7 
Pb-21O pCilg .92 .53 319 33 24.05 18 18 
Pb-212 pCilg .12 .09 9.13 .74 1.23 213 214 
Pb-214 pCilg .2 .12 1.95 .54 .87 250 251 



Table 4.4.3 (continued) 

Test 
group Compound Units Minimum Error Flag Maximum Error Flag Average Hits Count 

Pm·147 pCilg 3.31 2.24 6650 734 J 509.51 29 51 
Pu·238 pCilg .04 .03 J 721 73 16.67 50 121 
Pu·239/240 pCilg .01 .02 206 30 J 10.37 78 122 
Ra-224 pCilg .14 .11 13 1.8 1.36 110 121 
Ra-226 pCi/g .09 .05 J 1.4 .74 .76 404 440 
Ra-228 pCilg .2 .05 9.09 1.22 1.24 420 452 
Ru-I06 pCilg .16 .14 1.13 .79 .65 2 32 
Sr-90 pCilg .5 .19 35300 3500 810.31 83 89 
Tc-99 pCilg .2 .3 J 210 28 J 5.95 51 104 
Th-228 pCilg .23 .13 J 18.6 3.2 J 1.44 424 434 
Th-230 pCilg .18 .09 J 4.8 I J 1.01 286 306 

RAD Th-232 pCilg .14 .08 J 27.1 4.2 J 1.35 412 434 
Th-234 pCilg .75 .34 34.11 6.38 2.71 82 83 

.". 
Thallium pCilg 1.03 .41 1.16 .42 1.1 2 2 • -TI-208 pCilg .23 .19 7.89 .84 1.13 242 244 

0\ 
00 

Total radioactive pCilg .11 .07 8621 948 104.42 299 321 
strontium 
Tritium pCilg .03 .02 8.24 .43 .71 253 435 
U-234 pCilg .31 .13 J 591 115 6.9 384 392 
U-235 pCilg .04 .03 J 34 13.1 J 1.07 136 277 
U-235/236 pCilg .28 .17 1.93 1.28 l.ll 21 20 
U-238 pCilg .06 .62 4260 976 J 21.18 387 399 
Y-91 pCilg 543 486.3 543 486.3 543 I I 
Zr-95 pCilg .23 .21 18.4 4 4.85 4 4 



Constituent 

228Ac 

Gross alpha 
241Am 

Gross beta 
212!.n"Bi 

"Co 

"Co 
I"CS 

"'Eu 
"'K 
110Pb 

"'Po 
"'''''°Pu 
"'Ra 
"'"Ra 
"'Ra 
90fc 
""Tb 
""Th 
=n. 
"'Th 
Tot Rad Sr 

'H 
"'u 
'''u 
"'U 
"Zr 
"''TI 
l.f7pm 
11CPb 

"Na 

Reference Minimum 

0.84 
56 7.75 

NA 0.22 

30.5 12 

NA 1.32 
NA 0.06 

o 0.0433 
0.21 0.304 

NA 3.46 
1.53 1.66 
0.63 7.99 

1.1 
NA 0.44 

1.5 0.407 
0.37 0.35 

1.58 0.394 
1.53 0.61 
19.9 0.694 

1.87 0.58 

1.83 0.51 
1.21 0.746 
0.29 1.88 

0.22 0.16 

1.29 0.72 

0.15 0.07 

1.2 0.648 

o 0.42 

o 1.25 

o 15.1 
o 0.72 

o 0.05 

Table 4.4.4. Summary oC radiological data Cor WAG 1 floodplain soils 

White Oak Creek 

Error 

0.79 

4.26 

0.116 

4.6 
1.02 

0.03 
0.021 

0.072 

0.38 
0.2 

2.75 

I 

0.37 
0.131 

0.157 

0.087 

0.3 
0.155 

0.2 

0.21 
0.344 

0.29 

0.03 

0.17 

0.06 

0.159 

0.25 

0.69 

2.8 
0.57 

0.04 

Maximum 

1.2 

166 
20.8 

39400 

2.44 
2.03 

28.9 

22170 
6.21 

39400 
7.99 

1.1 

89.4 

1.67 

1.33 

1.43 

5.8 
4.28 

1.12 
4.42 
7.05 

192 

0.63 

16.4 

0.5 
3.63 

0.42 

1.3 
6650 
0.95 

1.68 

Detected range (pCi/g) 

Error 

0.76 

45 

3 

5916 
1.33 

0.29 
2.4 

1286 
0.55 
4.3 

2.75 

I 
18.6 

0.6 

0.69 
0.79 

3 
1.84 

0.46 

1.82 
4.35 

26 
0.13 

2.7 

0.4 
0.53 

0.25 

0.83 

734 

0.53 
0.31 

Minimum 
ND 

10.8 

0.134 

17.2 

ND 

ND 

0.0497 

0.977 
ND 

6.16 
ND 

ND 

ND 

0.487 

0.545 
0.46 

ND 

ND 

ND 

ND 

1.26 

ND 

ND 

ND 

ND 

ND 

First Creek 

Error 

7.6 

0.1 

5.1 

0.02 

0.153 

1.02 

0.092 

0.077 

0.092 

0.31 

Maximum 

ND 

46.7 

0.134 

234 

ND 

ND 

0.176 
23.4 

ND 

14.8 

ND 

ND 

ND 

1.18 

0.859 
1.21 

ND 

ND 

ND 

ND 

1.61 

ND 

ND 

ND 

ND 

ND 

Error 

14.7 

0.1 

48 

0.058 
2.4 

2.7 

0.23 

0.094 

0.16 

0.54 

Number above 
ref 

None 

7 

8 

63 

80 

14 
3 

I 

I 
None 

None 

I 

13 
12 (all) 

2(aIl) 

22 

2 
14 

Location of maximum (depth, ft) 

WOC 

WOC 94(4-6) 
WOC63 (24) 
WOC51 (G-2) 

WOC63 (24) 
WOC81 (6-7.1) 

WOC51 (G-2) 
WOC63 (24) 

WOC63 (24) 
WOC51 (G-2) 

WOC84(O~ 

WOC51 (G-2) 

WOC63 (24) 

WOC63(24) 

WOCGl (G-2) 
WOC62 (G-1. 7) 

W0C94 (4-6) 

WOC8 1(6-7. I) 
WOC63 (24) 

W0C94(24) 
WOC63 (24) 

W0C94(24) 
WOC63 (24) 

W0C72 (4-5) 

WOC63 (24) 

WOC63 (24) 

WOCG6 (24) 

WOC62 (G-I.7) 
WOC61 (6-7.2) 

WOC63 (24) 
WOC83 (6-8) 

WOC51 (G-2) 

First Creek 

N/A 
FC22 (0·2) 
FCI3 (0-2) 

FCI3 (0-2) 
N/A 
N/A 

FC21 (0-2) 

FCI3 (0-2) 
None 

FC21 (G-2) 
N/A 
N/A 
N/A 

FC21 (G-2) 
FC34 (G-2) 

FC31 (G-2) 

N/A 
N/A 
N/A 
N/A 

FCI3 (G-2) 
N/A 
N/A 

N/A 
N/A 

.... , -$ 



White Oak Creek 

Constituent Reference Minimum Error Maximum 

"Fe 0 56.3 4.6 56.3 

'''Eu 0 1.36 0.45 0.36 
ISlEu 0 2.02 0.31 3.96 

"'Cs 0 0.76 0.14 0.76 

"co 0 0.25 0.15 0.25 

"Ca 0 1470 90 1470 

Table 4.4.4 (continued) 

Detected range (pCi/g) 

First Creek 

Error Minimum Error Maximum 

4.6 
0.45 

0.35 

0.14 

0.15 

90 

Number above 
Error ref 

Location of maximum (depth, ft) 

WOC 

WOC63 (24) 

WOC51 (0-2) 

WOC62 (0-1.7) 

WOC62 (0-1.7) 

WOC66(24) 

WOC 63(24) 

First Creek 

.... , ..... 
-..l o 



Depth 
(ft) Gross beta 

0-2 NS 
2-4 48±1O.9 
4-6 542.7±84 
6-7 985±150 
7-8 1380±209.6 
8-10 NS 
10-12 NS 
12-13 NS 
14-16 NS 

Table 4.4.5. Vertical distribution of beta contamination near Building 3019 

Boring OI.SBI28 Boring OI.SBI30 

I"CS Total rad Sr Gross beta 
Il1CS 

NS NS NS NS 
8.91 ±0.64 8.7±1.I NS NS 
73±4.4 77.4±8.6 NS NS 
83.4±5 236±26 102±18 61.4±3.8 
1I1.3±6.6 164± 18 102±18 61.4±3.8 
NS NS 95.4±16.7 81.9±5 
NS NS 1855±280 1I48±67 
NS NS 1354±206 74.1±4.5 
NS NS NS NS 

Total rad Sr 

NS 
NS 
NS 
4.7±0.6 
4.7±0.6 
19.2±2.2 
360±40 
784±86 
NS 

Boring 0l.SB132 

Gross beta I37Cs 

24.2±7.1 NA 
44.7±J0.2 0.62±0.26 
3028±457 SO.4±3 

381±60 NA 
381±60 NA 
378±59 0.76±0.29 
16005±2403 1.7±0.28 
NS NS 
1031±156 1.59±0.34 

Total rad Sr 

2.87±0.39 
19.7±2.2 
758±83 
83.2±9.3 
83.2±9.3 
188±21 
8621±948 
NS 
531±58 

.". • --.I -



Table 4.4.6. Summary of VOCS detected in WAG 1 soil 

CAS No. Compound Units Minimum Flag Maximum Flag Average Hill Counl 

VOC 
71-SH 1,1,I-Tricbloroethane pglkg J 28 J 8 20 475 

75-3S-4 1,I-Dichloroetb.yJene pglkg 7 J 7 J S 2 474 

S4().S9~ 1,2-Dichloroelhylenc pgIkg 2 J 150 36.33 6 475 

78-87-S 1,2-Dichloropropanc pglkg J I J I I 475 

S91-78-6 2-Hexanonc pglkg 1 J 5 J 3 4 475 

67-64-1 Acetone pglkg 2 J 880 J 130.42 97 474 

71-43-2 Beounc pglkg 3 J 3 J 3 I 475 

75-15~ Cad>on Disulfide pglkg I 6S 14.57 54 475 

108-9().7 ChIorobcmcoo pglkg I J 8 J 3.67 3 475 

67-66-3 O1l0r0form pglkg i J 770 61.70 65 475 

100-41-4 Elhy1bea=>c pg/kg 6 J 17 11.5 2 475 

75-27-4 Methane, bromodichloro pg/kg 7 90 33.50 4 475 

74-83-9 Melbyl Bromide pglkg I J 2 J 1.5 8 475 

78-93-3 Melbyl Elhyl Keto .. pglkg J 1100 J 137.32 38 297 

7>09-2 MClbylcoc Chloride pglkg J 710 76.24 101 474 

108-10-1 Melby1dobutylkdOnc pglkg I J 97 24.79 58 475 

127-18-4 Tcttac:hloroelhylenc pglkg I J 36 10.44 12 475 ./>. • 
108-88-3 Totueoc pgIkg .6 J 17 6.51 45 475 -..., 
79~I-6 Trichloroelbyleoc pgIkg .8 J 5S 11.18 22 475 N 

1330-20-7 Xylenc<t-I) pgIkg J 38 16.25 4 474 

NOTE: 1bia table wu created manually using • lilting of lOil CoDlamiOl.tion data for WAG 1. 



( 
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Table 4.4.7. Summed VOCS in boreholes where VOCS detected 

Total VOC. Tolal VOC. Tolal VOC. Tolal VOC. 

Boring (pg/kg) Boring (pg/kg) Boring (pg/kg) Boring (pg/kg) 

01.SBOI0 774 01.SB187 60- 01.SB135 23 01.SB063 -, 
01.SB118 552 01.SB221 126 01.SB175 22 01.SB157 7 

01.SB011 299 01.SB232 124 01.SB017 22 01.SB120 6 

01.SB142 282 FC12. 120 01.SB213 11 WOC22 6 

01.SB133 270 01.SB056 117 01.SB188 22 01.SB043 6 

01.SB124 454 01.SB022 58 01.SB220 20 01.SB059 3 

01.SB126 224 01.SB095 109 01.SB078 19 01.SB040 3 

01.SB146 203 WOC43 52 01.SB241 19 01.SB026 6 

01.SB114 782 WOC74 99 WOC72 9 01.SB154 6 

01.SB007 140 FC35 99 01.SB197 16 01.SB246 6 

01.SBOl4 402 WOCI4 32 01.SB111 50 01.SB067 5 

01.SB140 405 WOC84 95 01.SB199 15 01.SBI03 5 

0I.SBOO6 382 01.SB005 29 01.SB097 15 01.SB145 5 

01.SB113 369 01.SB198 88 WOC33 14 0I.SBI44 5 

01.SB080 365 0I.SBI04 88 01.SB089 14 01.SB262 4 

01.SBI27 174 01.SB215 86 01.SBI85 6 01.SBI00 4 

WOC11 124 01.SB038 38 WOC21 32 01.SB030 4 

01.SB130 318 01.SBI41 40 01.SB211 13 01.SB045 4 

0I.SBI32 128 WOC23 40 0I.SB072 6 01.SBI02 4 

WOC64 118 0I.SBl92 78 01.SB175 17 01.SBI71 3 

WOC41 117 01.SB174 76 01.SB025 12 01.SB042 3 

WOC93 233 01.SB261 68 01.SB263 12 01.SB061 3 

WOCI2 210 WOC94 65 01.SB173 12 01.SB021 3 

01.SB016 41 01.SBI21 59 01.SBI50 6 0I.SB077 3 

01.SBI91A 81 01.SB176 58 01.SB190 11 01.SB031 2 

11.SBI91B 120 
WOC32 192 WOC91 55 0I.SB06O 11 01.SBI95 2 

01.SB094 184 WOC31 54 01.SB162 10 01.SB189 2 

01.SB214 180 WOCI3 27 01.SB16O 10 0I.SBI64 2 

01.SB128 83 0I.SBl25 28 01.SB075 5 01.SB088 2 

WOC52 4 01.SB165 8 0I.SB032 8 01.SB083 2 

01.SB008 50 01.SB069 8 01.SB052 8 WOCG5 2 

01.SB147 48 01.SBI38 24 01.SB217 8 WOC42 2 

WOC53 68 01.SB064 23 01.SB247 7 01.SB084 1.6 

FC33 137 01.SB243 38 01.SB048 1 01.SB054 1 

0I.CHOO6 26 01.SB082 51 01.SBI68 22 

01.CH008 21 01.SB096 47 01.SBI77 18 

01.CHOl2 28 01.SB098 39 01.SB180 16 

01.FC31 33 01.SBI05 39 01.SB20lB 43 

01.SB013 30 01.SBI06 50 01.SB208 36 

01.SB019 26 0I.SBI23 49 01.SB209 46 

01.SB020 35 01.SBI31 18 01.SB216 44 

01.SB037 36 01.SBI43A 12 01.WOC51 31 

01.SB039 44 01.WOC62 5 01.WOC61 9 

01.SB049 18 01.SBI48 4 01.WOC63 1 

01.SB050 28 0I.SBl66 16 01.WOC82 2 

01.SB076 7 01.SB167 39 01.WOC83 84 

01.WOC92 I 

Note: The .ummed concentration. represent the sum of the maximum concentrations of all VOCs detected in each depth divided by the number 

of intervalJ. 



BNA 
CAS No. 

91-94-1 

84-66-2 

95-48-7 

59-50-7 

106-44-5 

83-32-9 

208-96-8 

120-12-7 

56-55-3 

205-99-2 

86-3().6 

7005-72-3 

121-14-2 

50-32-8 

191-24-2 

207-08-9 

6S-8~ 

100-51-6 

117-81-7 

85-68-7 

108-95-2 

218-01-9 

84-74-2 

53-70-3 

132-64-9 

131-11-3 

206-44-0 

86-73-7 

193-39-5 

621-64-7 

91-20-3 

91-57-6 

87-86-5 

85-01-8 

51-28-5 

Compound 

3.3' -Diclorobcnzidinc 

Diethylphthalate 

2-Methylphenol 

4-Chloro-3-mcthyl phcaol 

4-Methyl Phcaol 

Aoenaphthcae 

Aoenaphthylcac 

Anthraceuc 

Bcoz(a)authraccDc 

Bcozo(b)fluonmthcac 

Bcnzc:naminc. N-Nitroso-N 
Bcozcoc. I-Chlor0-4-PbCDo 

2,4-DinitrotoluCllC 
Bcozo(a)pyrcnc 

Bcozo(ghi)Pcrylcoc 

Bcozo(k)Fluonmthcae 

Benzoic Acid 
Bcozyl Alcohol 

Bis(2-Ethylhczyl) Phthala 

Butyl Bcozyl Phthalate 

Carbolic Acid 

Chryscnc 

Di-n-butyl Phthalate 

Dibcnz(a,h)unthraa:nc 

Dibcnzofuran 

Dimethyl Phthalate 

Fluoranthcnc 
Flourenc 

Indcno( 1.2~Pyrcnc 

N-Nitrosodi-n-Propylaminc 

Nnphthalenc 

Nnphthalenc.2-Methyl 

Pentachlorophcaol 

Phenanthrene 

Pcnol. 2.4-Dinitro 

Table 4.4.8. Summary of BNAE compounds detected in WAG 1 soils 

Units M'mimum 

,.glkg 8 

,.glkg 22 

,.glkg 18 

,.glkg 8 

,.glkg 18 

,.glkg 35 

,.glkg 25 

,.glkg 13 

,.glkg 34 

,.glkg 28 

,.glkg 35 

,.gIkg 120 

,.glkg 120 

,.glkg 39 

,.glkg 43 

,.gIkg 33 

,.glkg 44 

,.gIkg 78 

,.glkg 22 

,.glkg 24 

,.glkg 41 

,.glkg 17 

,.glkg 26 

,.glkg 35 

,.glkg 29 

,.glkg 13 

,.glkg 22 

,.glkg 27 

,.glkg 38 

,.glkg 82 

,.glkg 25 

,.glkg 12 

,.glkg 460 

,.glkg 16 

,.glkg 42 

Flag Maximum 

J 8 

J 72 
J 18 

J 57 

J 18 

J 10000 

J 610 

J 20000 

J 28000 

J 26000 

J 120 

J 120 

J 

J 

J 

J 

J 

J 

J 
J 

J 

J 

J 
J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

120 

21000 

140000 

17000 

2400 

130 

8500 

2300 

230 

27000 

2400 

5100 

6900 

13 

58000 

13000 

17000 

82 

2600 

2500 

460 

74000 

42 

Flag 

J 

J 

J 

J 

J 

J 

J 
J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

Average 

8 

39.7 

18 

32.5 

18 

993.29 

118.91 

1222.45 

1372.06 

1439.17 

63.93 

120 

120 

Hits 

I 

12 

I 

2 
I 

20 

11 

35 

88 

90 

34 

1392.29 80 

1200.61 44 

1515.70 58 

244.48 28 

101 3 

346.52 112 

517.76 22 

97.n 15 

1379.29 95 

562.26 62 
817.19 18 

750.79 14 

13 I 

1973.98 116 

1169.76 19 

1033.41 50 

82 

290 

287.36 

460 

2021.82 

42 

16 

16 

I 

93' 

Count 

345 

347 

347 

347 

347 

347 

347 

347 

346 

345 

347 

347 

347 

347 

341 

346 

346 

347 

347 

347 

347 

347 

346 

347 

347 

347 

346 

347 

347 

346 

347 

347 

346 

346 

347 



Table 4.4.8 (continued) 

BNA 
CAS No. Compound Units Minimum Hag Maximum Hag Average Hits Count 

117-~ Di-n-octylpbtholatc I'g!kg 21 J 21 J 21 1 347 

129~ Pyrcne I'g!kg 19 J 45000 1738.7 120 346 

106-47-8 4-Chloroanilinc I'g!kg 110 J 110 J 110 345 

100-m-7 4-Nitropbenol I'g!kg 190 J 740 J 46S 2 346 



Location 
01.CH006 
01.CH008 
01.CHOI2 
01.FC11 
01.FC12 
01.FC13 
01.FC21 
01.FC22 
01.FC23 
01.FC31 
01.FC32 
01.FC33 
01.FC34 
01.FC35 
01.SBOO6 
01.SBOO7 
01.SBOO8 
01.SBOO9 
01.SOOll 
01.SOO19 
01.SOO20 
01.SOO21 
01.SOO30 
01.SOO32 
01.SOO34 
01.SOO35 
01.SOO39 
01.SOO4O 
01.SB041 
01.SB043 
01.SB044 
01.SB047 
01.SB048 
o 
o 
o 
o 
o 
o 
o 

I.SB049 
1.SOO50 
I.SOO51 
I.SOO52 
I.SOO54 
I.SOO56 
I.SOO59 

10.SOO6O 
o 
o 
o 
o 
o 
o 

I.SOO61 
1.SOO62 
1.SOO63 
1.SOO64 
I.SOO67 
I.SOO69 

Total BNAE 
(JIg/kg) 

37 
1859 
2126 
260 
800 

. 7254 
1690 
6214 
6999 
191 
1738 
594 
450 
3583 
43 
52 
124 
440 
430 
41 
2835 
571 
301 
1369 
1928 
1292 
1010 
47 
2500 
68 
52 
48 
86 
223 
1292 
2141 
4427 
4070 
633 
2357 
268 
79 
1930 
41 
2035 
2216 
53 
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Table 4.4.9. S\lmmed BNAEs in boreholes 

Total BNAE Total BNAE ( 

Location (JIg/kg) Location (JIg/kg) 

01.SOO84 99 01.SB202 232 

01.SOO87 2542 01.SB203 118 

01.SB092 3821 01.SB204 131 
01.SOO93 770 01.SB205 108 

01.SOO94 4709 01.SB211 94 

01.SOO95 1762 ~I.SB213 193 

01.SOO96 319 01.SB214 691 

~I.SOO97 14,978 P1.SB216 79 

01.SOO98 988 01.SB221 78 

01.SB102 55 01.SB241 1628.5 

01.SB106 28 01.SB246 2076 

01.SB108 2827 01.SB261 1153 
01. SB 109 80 01.SB264 1160 

01.SB111 276 01.SB265 1110 
01.SB112 2381 01.WOC11 2524 

01.SB114 531 01.WOCI2 94,040 

01.SB121 53 01.WOC13 8830 
01.SB125 178 01.WOC14 21,581 

01.SB126 96 01.WOC21 1500 

01.SB127 43 01.WOC22 21,780 

01.SB130 105 01.WOC23 36,460 
01.SB131 120 01.WOC32 80,350 ( 
01.SB141 32,875 01.WOC33 1800 
01.SB142 440 01.WOC41 6545 

01.SB143A 817 01.WOC42 4800 

01.SB146 128 01.WOC43 1552 

01.SB147 4665 01.WOC51 135,393 

01.SB150 390 01.WOC52 51,120 
01.SB151 124 01.WOC53 2906 
01.SB152 293 01.WOC61 9700 
01.SB153 339 01.WOC62 10,950 
01.SB154 220 01.WOC63 37,710 
01.SB156 105 ~1.WOC64 877 
01.SB166 147 01.WOC71 570 
P1.SBI67 341.5 01.WOC72 359 
01.SB168 387,000 01.WOC73 300 
01.SB171 123 01.WOC74 718 
01.SB173 113 01.WOC81 502 
01.SB181 1952.5 01.WOC82 4177 
01.SB183 823.5 01.WOC83 444 

01.SB184A 444 01.WOC91 939 

~1.SBI85 1184 01.WOC92 2585 

01.SB187 86 01.WOC93 590 
01.SB188 110 01.WOC94 238 

01.SB189 45 01.WOC95 330 \ 
01.SB19O 891 01.WOCGl 3628 
01.SB191A 427 01.WOCG2 1472 



( 
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Table 4.4.9 (continued) 

Total BNAE Total BNAE Total BNAE 
Location (JIg/kg) Location (JIg/kg) Location (JIg/kg) 

01.SOO73 557.5 01.SBI91B 460 01.WOCG3 2511 
01.SOO75 796.5 01.SBI92 745 01.WOCG4 2597 
01.SOO76 1176.5 ~I.SBI96 181 01.WOCG5 3942 
0I.SOO77 180 ~I.SBI97 168 01.WOCG6 2822 
01.SOO82 168 ~I.SBI98 373 
01.SOO83 83 ~I.SBI99 2056.5 

NOTE: The concentrations represent the sum of the maximum concentrations of al1 BNAEs detected in each depth divided 
by the number of intervals. 



Location 

01.CHOl2 

01.58077 

01.58077 

01.5B1S5 

01.5B1S5 

01.58077 

01.58063 

PCBs 
01.58094 

01.58054 

01.58052 

01.58097 

01.58051 

01.5B175 

01.5B176 

01.58049 

OI.CHOOS 

01.58063 

01.58049 

01.5B112 

01.58035 

01.580SS 

01.580S8 

01.58048 

01.58097 

01.58060 

01.5B114 

01.5B10S 

01.58063 

01.5B112 

01.5B10S 

01.58061 

Cyanlde 

01.58040 

01.58090 

01.5801S 

01.5B177 

01.58030 

01.58046 

01.58037 

01.580S8 

01.5804S 

01.58073 

01.58073 

Interval 

00-02 

00-01.8 

00-01.8 

00-02 

00-02 

OO-OI.S 

00-0I.S 

00-01 

00-02 

00-02 

00-OI.S 

00-02 

02-04 

02-04 

00-02 

00-02 

OO-OI.S 

00-02 

00-00.3 

00-03 

00-04 

00-04 

00-05 

OO-OI.S 

00-02 

00-01.3 

00-01.3 

00-0I.S 

00-00.3 

00-01.3 

00-02 

12-1S 

00-05 

12-16 

00-02 

06-12 

00-04 
00-06 

00-04 
00-05 

10-12 

04-06 

4-178 

Table 4.4.10. Pesticides, PCBs, and cyanide detected in WAG 1 soil 

Compound 

4,4'-DDT 

4,4'-DDT 

Benzcne, 1,1 '-(dicbloroethenlyidinc)bis[ 
Chlordane, alpha-

Chlordano. gamma-
End,in 

Heptachlo, 

alpha-BHC 

Aroelo, 1254 

Aroelo, 1254 

Aroelo, 1254 

Aroelo, 1254 

Aroelo, 1254 

Aroelo, 1254 

Aroelo, 1254 

Aroelo, 1254 

Aroelo, 1254 

Aroelo, 1254 

Aroelo, 1254 

Aroelo, 1254 

Aroelo, 1254 

Aroelo, 1254 

Aroelo, 1254 

Aroelo, 1260 

Aroelo, 1260 

Aroelo, 1260 

Aroelo, 1260 

Aroelo, 1260 

Aroelo, 1260 

Aroelo, 1260 

Aroelo, 1260 

Cyanide 

Cyanide 

Cyanide 

Cyanide 

Cyanide 

Cyanide 

Cyanide 

Cyanide 

Cyanide 

Cyaolde 

Cyanide 

Ruult 

53 

7.6 

51 

100 

55 

2.8 

12 

22 

5800 

2300 

1500 

730 

490 

400 

350 

330 

250 

240 

140 

120 

104 

99 
33 

1900 

610 

510 

220 

150 

130 

110 

88 

5100 

1100 

710 

590 

520 

190 

160 

140 

80 
80 

70 

Rev qual 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 
J 

J 

N 

J 

J 

J 

J 

J 

Units 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

~glkg 

5ample 
type 

RO 
RO 
RO 
RO 
RO 
RO 
RO 

RO 
RO 
RO 
RO 
RO 
RO 
RO 

RO 
RO 

RO 
DU 
RO 

RO 
RO 

DU 
DU 
RO 
RO 

RO 
RO 

RO 
RO 

DU 
RO 

RO 
DU 
RO 

RO 
RO 

RO 
RO 

RO 
RO 

RO 
RO 

5ample 
date 

22-Jan-91 

22-Jan-91 

11-Jul-91 

11-Jul-91 

22-Jan-91 

26-Feb-91 

12-Feb-91 

21-Jan-91 

18-Jan-91 

15-Feb-91 

IS-Jan-91 

17-Jul-91 

IS-Jul-91 

28-Dec-9O 

26-Feb-91 

2S-Dec-9O 

13-May-91 

12-Dec-9O 

15-Nov-9O 

15-Nov-9O 

05-Dec-9O 

15-Feb-91 

19-Feb-91 

OS-May-91 

09-May-91 

26-Feb-91 

13-May-91 

09-May-91 

26-Feb-91 

05-5ep-9O 

15-Nov-9O 

02-Nov-9O 

22-Jul-91 

22-Aug-9O 

29-Oot-9O 

13-Dec-9O 

15-Nov-9O 

05-Dec-9O 

06-Nov-9O 

02-Nov-9O 

5ample ( 
No. 

207S07 

145107 

145107 

220S06 

22OS06 

145107 

153107 

149407 

143907 
143107 

152907 
143007 

224706 

226406 

136513DL 

205707 

153107 

136517DL 

194107 

134713 

118313 

l1S413 

119413 

152907 

153007 

193507 

193907 
153107 

194107 

193911 

151007 

095404 

117615 

111514 

22660S 

091504 

106412 

134415 

l1S315 

119114 

11500S 

11430S 



Table 4.4.11. Summary oC metals detected in WAG 1 soil 

CAS No. Compound Units Minimum Error Flag Maximum Error Flag Average Hits Count 

Metals 
7429-90-5 Aluminum p.gIkg 449000 54200000 14850348 443 444 
7440-36-0 Antimony p.glkg 2400 I 37600 I 10678.7 72 187 
7440-38-2 Arsenic p.gIkg 640 27400 7096 425 445 
7740-39-3 Barium p.gIkg 8700 1940000 I 103215.4 443 444 
7440-41-7 Beryllium p.glkg 280 212000 2772.6 402 447 

7440-42-8 Boron p.glkg 4800 7000000 ·1015826.9 54 58 

7440-43-9 Cadmium p.glkg 480 11900 I 3064.5 177 445 

7440-70-2 Calcium p.gIkg 281000 331000000 I 3296701.7 443 444 
7440-47-3 Chromium p.glkg 2200 189000 25454.1 442 445 

7440-48-4 Cobalt p.gIkg 1200 143000 I 15372.6 438 447 

7740-50-8 Copper p.gIkg 1100 I 394000 I 19872.4 407 445 

7439-89-6 Iron p.gIkg 2290000 66400000 I 28317826 443 444 
7439-92-1 Lead p.glkg 2600 I 337000 331042.5 438 442 """ , -7439-95-4 Magnesium p.gIkg 291000 I 60500000 5551233.3 443 444 -..l 

'" 7439-96-5 Manganese p.glkg 42600 I 5800000 I 786422.0 438 440 

7439-97-6 Mercury p.gIkg 100 548000 10178 113 376 

7439-98-7 Molybdenum p.g/kg 1910 2540 2225 2 58 
744O.()2.{) Nickel p.glkg 1800 50300 20271.9 440 445 

7440-04-2 Osmium p.gIkg 91600 587000 I 235693 58 58 

7440.{)9-7 Potassium p.glkg 25100 I 8430000 1438980 433 437 

7782-49-2 Selenium p.glkg 490 I 48500 14054.8 80 332 

7440-22-4 Silver p.gIkg 800 32000 6795.7 99 445 

7440-23-5 Sodium p.glkg 23100 2940000 128797.3 332 445 

7440-28'{) Thallium p.glkg 240 98700 14032.2 77 424 

7440-31-5 Tm p.glkg 27100 126000 53658 57 58 

7440-62-2 Vanadium p.gIkg 470 64600 24990.9 443 447 

7440-66-6 Zinc p.gIkg 6000 I 514000 65826 439 445 



Table 4.5.1. Previous surface water studies at WAG 1 

Map Ref. 
Area Sample location Source Parameter Concenlrntion Units No: 

woe headwaters 
WOC headwaters Energy Systems 1987a "Co <2.2-<8.1 pCiIL 9 

WOC headwaters mes <1.6-<8.1 pCiIL 

WOC headwaters 'H 3,200-70,000 pCiIL 

WOC headwaters Pu < 0.011 ~.032 pCiIL 

WOC headwaters Total Sr 0.Z1-9.2 pCiIL 

WOC headwaters "'Th < 0.0054-1.4 pCiIL 

WOC headwaters ""rh 0.0014-0.54 pCiIL 

WOC headwaters "'TIt <0.0027~.S4 pCiIL 

woe headwaters Trans Pu 0.027~.11 pCiIL 

WOC headwaters "'u 0.0081~.81 pCiIL 

WOC headwaters D'U 0.0014-0.14 pCiIL 

WOC headwaters "'u 0.014-3.2 pCiIL 

WOC headwaters Energy Systems 1988 "'Am 0.05~.3 pCiIL 10 

WOC headwaters "'em <0.~.12 pCiIL ~ , 
WOC headwaters "Co <2.7~.1 pCiIL -00 

woe headwaters 1)7es <2.7-15 pCiIL 
0 

woe headwaters Gross alpha 2.2-05 pCiIL 

WOC headwaters "'Pu <0.05~.076 pCiIL 

WOC headwaters D9pu <0.05-2.7 pCiIL 

WOC headwaters "'Th <0.05 pCiIL 

WOC headwaters ""rh <0.05 pCiIL 

woe headwaters D'Tb <0.05 pCiIL 

WOC headwaters Total Sr 2-130 pCiIL 

WOC headwaters 'H 1,500-3,200 pCiIL 

WOC headwaters "'u 0.19 pCiIL 

WOC headwaters D'U <0.05 pCiIL 

WOC headwaters DOU 0.14 pCiIL 

WOC headwaters Energy Systems 1989 "'Am -4.9~.32 pCiIL 11 
WOC headwaters "'Cm -4.1~.38 pCiIL 

WOC headwaters "Co -11-24 pCiIL 

WOC headwaters mes -27-16 pCiIL 

WOC headwaters Gross alpha 0.0-18 pCiIL 

WOC headwaters Gross beta 0.0-38 pCiIL 



Table 4.5.1 (continued) 

Map Ref. 
Area Sample loeation Source Parameter Concentration Units No: 

woe headwaters ""Pu ~.01~.086 pCi/L 

WOC headwaters "'Pu ~.081~.21 pCi/L 

woe headwaters Total Sr -1.9-9.7 pCi/L 

woe headwaters 'If -1,2()()'970 pCi/L 

woe headwaters Energy Systems 1990 '''Am ~.081~.38 pCi/L 12 

WOC headwaten "'em 0.35 pCi/L 

WOC headwaten "'co -51-49 pCi/L 

WOC headwaters 137Cs -24-24 pCi/L 

woe headwaters Gross alpha -5.4-46 pCi/L 

WOC headwaters Gross beta 2.7-46 pCi/L 

woe headwaters "'Pu ~.022~.OS9 pCi/L 

woe headwaters "'Pu ~.08~.027 pCi/L 

woe headwaten Total Sr -1.6-1.6 pCi/L 

WOC headwaters 'H -110-620 pCi/L 

woe headwaters Taylor 1990a Hg <O.OS ng/mL 20 
~ 

woe headwaters, 1987 Taylor 1989 Hg <O.OS ng/mL 19 , ..... 
WOC headwaten, 1988 Hg <0.1~.1 ng/mL 00 ..... 
WOC headwaters, background area Taylor 1mb Aroclor-1254 <1.0-<1.1 "gIL 17 

WOC headwaters, background area Aroclor-1248 <0.50 "gIL 
WOC headwaters, background area Aroclor-1260 <1.0-<1.1 "gIL 

Ydlh Creek 

Fifth Creek Energy Systems 1987a "Co <1.6-<11 pCi/L 9 

Fifth Creek Il7Cs <1.3-<8.1 pCi/L 

Fifth Creek Total Sr 25-54 pCi/L 

Energy Systems 1988 "'co <2.5-<8.1 pCi/L 10 

137Cs <2.7-8.1 pCi/L 

Total Sr 20-46 pCi/L 

Fifth Creek Energy Systems 1989 "Co -8.1-8.1 pCi/L 11 

Fifth Creek J)7Cs ~.81-24 pCi/L 

Fifth Creek Total Sr 35-160 pCi/L 

Fifth Creek Energy Systems 1990 "'co -14-51 pCi/L 12 

Fifth Creek 137Cs -27-14 pCi/L 

Fifth Creek Total Sr 1.4-54 pCi/L 

Fifth Creek Hg <0.OS0-3.7 "gIL 



Table 4.5.1 (continued) 

Map Ref. 
Sample location Source Parameter Concentration Unils No: 

Fifth Creek Taylor 1990a Hg <0.05-3.03 nglmL 20 

Fifth Creek, 1987 Taylor 1990a Hg <0.05-4.77 nglmL 19 

Fifth Creek, 1988 Hg <0.05-1.87 nglmL 

WOC 45005, below Fifth Taylor 1990b Aroclor-I254 <1.0-<1.1 p.gIL 17 
Creek4S09 

Rume station 2 (W16) (1979-1986) Energy Systems 1987a "'Sr 7.8-20 10" p.CilmL 9 

Rome station 2 (W16) Energy Systems 1986 Zinc 0.04-0.1 mgIL 16 

Rume station 2 (W16) Nitrate nitrogen 0.8-3.0 mgIL 

Rume station 2 (W16) Hg <0.00005-0.0003 mgIL 

Rume station 2 (W16) Cr <0.002-<0.01 mgIL 

Impoundments 3539/3540, 3518, 3544 

Impoundments 3539/40 (WIS) Energy Systems 1987. "'Sr 0.2-7.2 10-' ,.CilmL 9 
(1979-1986) 

Impoundments 3539/40 Energy Systems 1986 Zinc < 0.07.{).29 mgIL 16 
discharges (W15) 

Impoundments 3539/40 Nitrate nitrogen 1.0-73 mgIL 
..,. , 

discharges (WIS) 
..... 
00 

Impoundments 3539140 Hg 0.013.{).059 mgIL 
N 

discharges (WIS) 

Impoundments 3539/40 Cr <0.OOS.{).12 mgIL 
discharges (W15) 

Impoundment 3518 Energy Systems 1988 Gross alpha 1.0-38 pCi/L 10 

Impoundment 3518 Gross bets 4.0-57 pCi/L 

ImpoUndment 3544 "co <5.4-270 pCiIL 

Impoundment 3544 J34Cs 10-18 pCi/L 

Impoundment 3544 IJ7Cs 26-2,600 pCi/L 

Impoundment 3544 I5lEu 46-59 pCi/L 

Impoundment 3544 '''Eo 30 pCi/L 

Impoundment 3544 Gross alpha 59-250 pCi/L 

Impoundment 3544 Gross beta 270-3,000 pCi/L 

Impoundment 3544 losRu 140 pCi/L 

Impoundment 3544 Tola! Sr 3.8-140 pCi/L 

3500 (190) ponds "Co <2.7-97 pCiIL 

3500 (190) ponds 137Cs 5.4-1,700 pCi/L 

.~ 



Table 4.5.1 (continued) 

Map Ref. 
Area Sample location Source Parameter Concentration Units No: 

3500 (190) ponds Gross alpha 2.7-46 pCiIL 

3500 (190) ponds Gross bela 4.3-140 pCiIL 

Process Waste 
T ..... bnent 
Plant 

Process Waste Treatment Plant Energy Systems 1987a "sr 0.3-33" llt'"CilmL 
(PWI'P) (W-14) 

Sewage Treabnent 
Plant 

Sewage Trca1ment Plant (STP) Energy Systems 1987a "sr 4-36 lit' "CilmL 
(W-13) 

Mouth of Drainage Area from STP Taylor 1990b Aroclor-I2S4 -0.3-<1.1 "gil 17 
into WOC 

2000 area 2000 area Energy Systems 1988 "Co <2.7-<5.9 pCiIL 10 

2000 area J37cs <2.5-<5.4 pCiIL 

2000 area Gross bela 4.()'73 pCiIL 

2000 area Total Sr 2.()'32 pCiIL 
.,.. , 

y ... t Creek FIrSt Creek Energy Systems 1987a "'Co pCiIL 
.... 

<2.7-13 9 00 ..., 
FIrSt Creek "'Cs <2.4-<27 pCiIL 

FIrSt Creek Total Sr 2S()'I,OOO pCiIL 

First Creek Energy Systems 1988 "Co <2.7-<8.1 pCiIL 10 

First Creek 137Cs <2.6-<5.4 pCiIL 

FIrSt Creek Total Sr 300-810 pCiIL 

FIrSt Creek Energy Systems 1989 "Co -1.9-27 pCiIL 11 
FIrSt Creek 137Cs '{).S4-19 pCiIL 

FIrSt Creek Total Sr 32()'730 pCiIL 

FIrSt Creek Energy Systems 1990 "Co -7.6-57 pCiIL 12 

First Creek 137Cs -22-51 pCiIL 

First Creek Total Sr 190-510 pCiIL 

First Creek Hg < 0.050-0.39 "giL 
FIrSt Creek Taylor 19900 Hg < 0.OS'{).37 nglmL 20 

Fust Creek Taylor 1989 Hg <0.05 nglmL 19 

First Creek Hg < O.OS.{).23 nglmL 

Confluence of Northwest Tributary Taylor 1990b Aroclor-l2S4 -0.2-<1.3 "g,r. 17 
and FIrSt Creek 



Table 4.5.1 (continued) 

M.pRef. 
Area Sample location Source Parameter Concentration Units No: 

1500 Area 1500 Area Energy Systems 1988 Gross alpha 1.0-32 pCiIL 10 

1500 Area Gross beta 8.1-130 pCiIL 

Northwest 
Tnbntary 

Northwest Tributary Energy Systems 1987. "Co <1.6-<11 pCiIL 9 

Northwest Tnbutary 137es <1.4-<11 pCiIL 

Northwest Tributary Total Sr 2.7-08 pCiIL 

Northwest Tributary Energy Systems 1989 "'Co -3.1-38 pCiIL 11 

Northwest Tributary 131Cs -5.4-5.4 pCiIL 

Northwest Tributary Total Sr 0.70-62 pCi/L 

Northwest Tributary Energy Systems 1990 "'co -3541 pCi/L 12 

Northwest TributaIy 137es -27-24 pCi/L 

Northwest Tnbutary Total Sr 23-78 pCi/L 

Northwest Tributary Hg <0.050 "gIL 
7500 bridge 

7500 bridge Energy Systems 1987a "'Co 2.7-760 pCi/L 9 
..,. , .-

7500 bridge "'Cs 27-2,200 pCi/L 00 ..,. 
7500 bridge meu 21-1,400 pCi/L 

7500 bridge "'Eu 16-410 pCi/L 

7500 bridge IjjEu 22-110 pCi/L 

7500 bridge "'Eu 54().1200 pCilL 

7500 bridge Gross alpha 27-1400 pCi/L 

7500 bridge Gross bela 220-3500 pCi/L 

7500 bridge m] 5.4-14 pCi/L 

7500 bridge "Na 13-86 pCi/L 

7500 bridge Total Sr 40-840 pCi/L 

7500 bridge "'Co 4.9-140 pCi/L 

7500 bridge I31Cs 59-230 pCi/L 

7500 bridge 'H < 3,200-8200 pCi/L 

7500 bridge Total Sr <68-150 pCi/L 

7500 bridge "'sr 72-160 10-' "CilmL 

7500 bridge Energy Systems 1988 "'Co <5.4-12 pCi/L 10 

7500 bridge "'Cs 14-86 pCiIL 

7500 bridge Total Sr 49-120 pCi/L 

~ 



Table 4.5.1 (continued) 

Map Ref. 
Area Sample location Source Parameter Concentration Units No: 

7S00 bridge 'H I,S()()'S90,OOO pCi/L 

7S00 bridge Energy Systems 1989 "Co <1.1-19 pCi/L 11 

7S00 bridge 117Cs 49-240 pCi/L 

7S00 bridge Total Sr 46-120 pCiIL 

7S00 bridge 'H l,o()()'l20,OOO pCi/L 

7S00 bridge Energy Systems 1990 "Co -24-54 pCi/L 12 

7S00 bridge mes -S.4-180 pCiIL 

7S00 bridge Total Sr 49-240 pCi/L 

7S00 bridge 'H 2,4OC)..24,OOO pCi/L 

woe 
WOC Energy Systems 1987a "Co <2.0-ISO pCiIL 9 

WOC 137Cs 62-220 pCiIL 

woc 'H 3,5()()'S9,OOO pCi/L 

woc Total Sr 92-190 pCiIL 

WOC Energy Systems 1986 Zinc 0.03~.12 mgIL 16 

WOC (WS) Nitrate nitrogen 3.9-23 mgIL .j>. , 
woc(WS) Hg < O.OOOOS~.OOO6 mgIL -00 

WOC (WS) Cr <0.004-<0.01 mgIL CJ\ 

WOC Energy Systems 1990 Hg <0.050-3.3 "gIL 12 

WOC Taylor I990b Aroclor-l254 -0.SO-<1.1 "gIL 17 

WOC{WS) Energy Systems 1987. "sr 65.1-200 10~ "CilmL 9 

While Oak Dam 
While Oak Dam (W-2) Energy Systems 1985 Cr <0.01~.02S mgIL 3 

White Oak Dam (W-2) Zn < 0.02-0.036 mgIL 

White Oak Dam (W-2) NO, 0.4-7.2 mgIL 

White Oak Dam (W-2) Hg < O.OOOOS~.OOO2 mgIL 

While Oak Dam (W-I) Cr <0.01 mgIL 

While Oak Dam (W-I) Zn <0.02~.08 mglL 

White Oak Dam (W-I) NO,(N) <0.1-73 mgIL 

While Oak Dam (W-I) Hg <O.OOOO~.OOI mgIL 

White Oak Dam (W3) Energy Systems 1986 "Co S.O-I,900 10.9 "CilmL 

White Oak Dam (W3) lJ7Cs 6.9~SO I~ "CilmL 

White Oak Dam (W3) 'H 83-780 10" "C"limL 

White Oak Dam (W3) "sr 110-3,SOO 10.9 "CilmL 



Table 4.5.1 (continued) 

Map Ref . 
Sample location Source Parameter Concentration Uoils No. 

. 
White Oak Dam (W3) Transuranics 0.081-2.1 10"' "CilmL 

White Oak Dam (W3) Zn <0.01-0.07 mgIL 

White Oak Dam (W3) NO,-nitrogen 0.5-16 mgIL 

White Oak Dam (W3) Hg <O.OOOOS-O.OOO3 mgIL 

Coolloenc:e of woe and Clinch Riyer Cr <0.004-<0.015 mgIL 

Confluence of woe and Clinch Energy Systems 1985 "'sr 14-89 10"' "CilmL 3 
River (W-I) 

Confluence of WOC and Clinch "'Cs 7.(,.270 10"' "CilmL 
River (W-I) 

Confluence of WOC and Clinch "Co 1.2-38 10-' "CilmL 
River (W-I) 

Confluence of WOC and Clinch 'H 25-360 10-" "CilmL 
River(W-1) 

Confluence WOC at Clinch Energy Systems 1986 "'Co <0.81-170 10-' "CilmL 16 
River(W2) 

""" "'Cs 10-' "CilmL 
• Confluence woe at Clinch <1.(,,1500 ..... 
co 

River(W2) '" 
Confluence WOC at Clinch 'H 5.4-350 10" "CilmL 16 
River(W2) 

Confluence WOC at Clinch "'sr 14-350 10"' "CilmL 
River (W2) 

1'or map locations, see Fig. 4.5.1. 



Table 4.5.2. Summary or analytical results ror WAG 1 surrace water 

Test 
group CAS No. Compound Urub Minimum Flag Maximum Error Flag Average iii .. Count 

ANIONS 16887.Q0.6 Chloride I'8fL 1000 12,000 4645.2 18 24 

1698448-8 Fluoride I'8fL 120 1290 523.07692 14 20 

20461-54-5 l0c6de I'8fL IlOO J 1600 J 1350 6 13 

1-005 NitmlclNitrilc I'8fL 80 J 1500 432.30769 13 13 

14265-44-2 Phospbate I'8fL 43 J 490 J 213 Il 13 

1214345-2 Sulfate mg/L 12.63 12.63 J 12.63 I I 

1214345-2 Sulfide pg/L 8000 54,720 18590.5 22 22 

BICARB ()'()14 Bicarbonate a. CaCo., pg/L 120,940 168,580 145,027.9 Il Il 

BNA 86-3~ Bcnzenamine. N-Nitroso-N- pg/L 2 J 3 J 2.5 5 23 

Il7-81-7 S;.o..Elbylbexyl) PbIbal. pg/L 3 J 35 J 4 2 23 

CARB ()'()15 Carbonate a. CaC03 pg/L 5260 10,520 J 7890 6 10 

CYANIDE 57-12-5 Cyanide pg/L 1.2 2.4 J 1.8 2 26 

METALS- 7429-90-5 Alu.umun pg/L 88.94 2190 6Il.82 18 21 

UDfiltered 7440-39-3 Barium pg/L 23.5 J 48.1 35.46 21 21 

744043-9 Cadmium pg/L 2.5 2.5 2.5 21 

7440-7()'2 CaieNm pg/L 445.2 51,600 35,714.5 21 21 

744047-3 ChroaUum pg/L 10.7 13.6 11.85 5 21 

7440-5().8 pg/L Il.1 96.7 53.9 2 21 
.". 

Copper , ..... 
7439-89-6 Iron I'8fL 70.09 2600 588.77 21 21 00 

....:a 
7439-92-1 Lead I'8fL 2.1 13.9 5.3 Il 18 

7439-954 Magnesium pg/L Il3.8 12,500 7723.0381 21 21 

7439-96-5 Mangaoese I'8fL 14.5 143 36.3 21 21 

744().()2-C " .. tel I'8fL 5.2 6.3 5.7 3 21 

744().09-7 P-.aium pg/L 599 1710 1201.5 18 18 

778249-2 Selenium pg/L 2.4 2.4 2.4 18 

7440-224 Silver pg/L 10.2 12.3 Il.O 4 21 

7440-23-5 Sodium "gil. 40.6 12,300 4074.0 20 21 

7~2-2 Vanadium pg/L 3.1 5.1 4 4 21 

7~6-6 Zme I'8fL 13.76 57.7 36.84 10 21 

METALS- 7429-9().5 Aluminum. I'8fL 41.5 201 91.99 9 13 
FdlCled 7440-38-2 Ancoic I'8fL 2.2 2.2 2.2 10 

7440-39-3 Barium I'8fL 16.7 47.7 36.3 13 13 

744043-9 Cadmium pg/L 2.2 2.5 2.4 4 13 

7440-7()'2 Calcium pg/L 25,400 52,200 41,527.7 13 13 

744047-3 Chromium. pg/L 10.4 13.3 Il.8 4 13 

7440-5().8 Copper "gil. 8.3 73.4 30.7 3 13 

7439-89-6 Iron "gil. 11.42 27.4 17.68 6 13 



Test 
group 

METALS-
Filtered 

RAn 

CAS No. 

7439-92-1 

7439-95-4 

7439-96-5 

7~ 

7~-7 

7446-22-4 

7446-23-5 

7440-66-6 

12587-46-1 

12587-47-2 

10045-97-3 

1398U3-3 

15262-W-I 

10098-97-2 

14133-76-7 

14274-82-9 

14269-63-7 

7446-29-1 

01-00018 

1002&-17-8 

13966-29-5 

7440-61-1 

Rae! - Fil"'r<d 12587-46-1 

SULFIDE 

TOe 

12587-47-2 

13982-63-3 

15262-W-I 

1009S-97-2 

14274-82-9 

14269-63-7 

01-00018 

1002&-17-8 

13966-29-5 

7440-61-1 

18496-25-8 

I~IO 

~ 

1~12 

Compound 

Lead 

Magueoium 

Manganese 

Nickel 
Potassium 

Silver 

Sodium 

Zinc 

Alpha Partiele 

Bela Particle 

Ca-137 

Ro-226 

Ro-228 

Sr-90 

Tc~99 

Tb-228 

Tb-230 

Tb-232 

Total radioactive ItrODlium 

Tritium 
U-234 

U-238 

Alpha Particle 

Beta Particle 
Ro-226 

Ro-228 

Sr-90 

Tb-228 

Tb-230 

Total radioactive IIrOrdium 

Tritium 

U-234 

U-238 

Sulfide 

Total dissolved aolicb 

TOIaI Igeldahl "_T 
TOIaI Organ;e Carbon 

Units 

pgn. 
pgn. 
pgn. 
pgn. 
pgn. 
pgIL 

/JIln. 
/JIln. 
pC"oIL 

pCiIL 
pCiIL 
pCiIL 
pCiIL 
pCiIL 
pCin. 
pCiIL 
pCi/L 
pCin. 
pC"oIL 

pC"JL 

pC-oIL 

pC"oIL 

pC-oIL 

pCiIL 
pCiIL 
pCiIL 
pCiIL 
pCiIL 
pCilL 
pCiIL 
pCin. 
pCin. 
pCin. 
pgn. 

/JIln. 
pgn. 
pgn. 

Table 4.5.2 (continued) 

Minimum 

2.8 

3660 

ll.6 

6.9 

956 

10.7 

2410 

10.91 

1.5 

8.5 

17.5 

0.18 

2.06 

ll.9 

1.5 
0.88 

1.47 

10.2 

4.88 

490 

1.32 

0.6 

2.6 

21.7 

0.09 

2.61 

11.3 

I.l3 
3.82 

35.2 

2560 

1.28 

0.43 

50 
150,000 

60 

2000 

Error 

1.3 

2.5 

16.2 

0.08 

0.87 

01.8 

0.9 

0.44 

0.71 

3.5 

2.04 

142 

0.4 

0.39 

1.6 

2.9 

0.05 

I.l8 

1.7 

0.49 

1.03 

5.29 

330 

0.39 

0.34 

Flag 

J 

J 

J 

J 

J 

J 

J 

J 

J 

Maximum 

3.6 

12,600 

39.3 

6.9 

1710 

12 

12,500 

46.1 

60.4 

944 

109 

0.18 

152 

544 

1.5 

3.05 

7.25 

57.7 

475 

5780 

22.7 

1.65 
59.2 

951 

0.09 

123 

489 

I.l3 

3.82 

380 

2560 

20 

I.ll 

50 

250,000 

730 

4000 

9.6 

95 

18 

0.08 

22 

55 
0.9 

0.99 

2.95 

46.1 

53 

407 

2.9 

0.7 

9.4 

144 

O.OS 

18 

49 

0.49 

1.03 

42 
330 

2.4 

0.3 

Flag 

J 

J 

J 

J 

J 

J 

J 

J 

Avenge 

3.3 

9614.6 

21.7 

6.9 

1316.8 

ll.4 

5909.2 

27.53 

9.7 

172.0 

46.9 

0.18 

31.42 

106.1 

1.5 

1.96 

3.33 

33.95 

82.08 

1680.9 

8.65 

1.15 

13.12 

259.2 

0.09 

26.65 

IOS.6 

1.13 

3.82 

ll8.8 

2560 

9.08 

0.77 

50 

181,472 

322.8 

3216.2 

Hits 

3 

13 

13 

I 
10 

3 

13 

13 

14 

21 

5 

I 

8 

8 

2 

5 

2 

12 

19 

6 

3 

10 

II 

7 

7 

I 

5 

5 

2 

14 

18 

18 

Count 

10 

13 

13 

13 

10 

13 

13 

13 

21 

21 

20 

9 
9 
8 

I 

7 

7 -l"" ..... 
8 00 

00 
12 

19 

9 

9 
11 

II 

8 

8 

7 

2 

2 

5 

8 

8 

26 

14 

23 

23 



Table 4.5.2 (continued) 

Test 
group CAS No. Compound Units Minimum Error Flag 

TOX 01.Q()()17 Orgamc Iodiuc ".gIL 130 

VOC 67-64-1 ketooc p.gIL 12 

67-66-3 Chloroform p.gIL J 

75-71-3 Mclbanc. dicbloroOuoro p.gIL 2 J 

75-27-4 Methane, brormdichloro p.g/L J 

110-36-1 Pyridm. p.g/L 71 J 

127-18-4 Tctrachloroethy1coc p.g/L 5 

75-69-4 TrichloroOuoromclhaoc ".gIL 3 J 

123-91-1 p-DiODOC p.gIL 89 J 

Maximum Error Flag Average 

130 130 

12 12 

5 2.8 

2 J 2 

J 1 

71 J 71 

5 5 

3 J 3 

89 J 89 

Hits 

1 

1 

8 

1 

2 

1 

1 

1 

Count 

6 

19 

19 

19 

1 

19 

1 

.... , .... 
00 

'" 



4-190 

Table 4.5.3. Strontium fluxes in creeks 

Unfiltered 
( 

Sampling site concentration 
event" Flow (Us) (PCi/L) Flux (PCi/s) 

SW-4: LBNS 26.0 40.1 1,042.6 
HBNS 86.4 23.8 2,056.3 
HBS 399.3 17.1 6,824.0 

SW-5: LBNS 82.1 13.2 1,083.7 
HBNS 135.9 NAb 

HBS 679.7 4.9 3,316.9 

SW-7: LBNS 5.4 544 2,937.6 
HBNS 22.5 142 3,195.0 
HBS 368.2 30.8 11,340.6 

SW-8: LBNS 16.1 86.6 1,394.3 
HBNS 25.5 50 1,275.0 
HBS 679.7 11.3 7,680.6 

SW-6: LBNS 152.9 60.5 9,250.4 
HBNS 269.0 74.6 20,067.4 
HBS 1812.5 47.2 85,550.0 ( 

'Low base nonstorm (LBNS) concentrations are strontium-90; high base nonstorm (HBNS) and storm (HBS) 
concentrations are total radioactive strontium. 

bNot analyzed. 



Table 4.6.1. Previous sediment studies at WAG 1 

Map Ref. 
Area Sample location Source Parameter Concentration Units No: 
woe headwaters 

woe headwaters Spalding and Cs-137 9-3409 dpmlg 30 
Ceding 1979 Co-60 3-554 dpmlg 

Sr-90 (exchangeable) ND-I07.4 dpmlg 

woe upstream of fifth creek Taylor 1989 Hg 5.39 p.g/g 19 

Headwaters of woe TOC 2.5-4.3 % 
background area 

WOC P-6, 1979 Oakes 1983a Hg 0.08 ppm 7 

WOC headwaters Taylor I990a Hg 0.02-0.063 p.g/g 20 

WOC upstream of fifth creek Hg 4.65-5.04 p.g/g 

WOC headwaters, background Taylor 1990b Aroclor 1248 0.028- < 0.40 p.g/g 17 
area 

woe headwaters, background Taylor 1990b Aroclor 1254 <0.18-<2.6 p.g/g 17 .j:>. 

area 
, .... 

WOC headwaters, background Taylor 1990b Aroclor 1260 <0.36-<5.2 
\0 

p.g/g 17 .... 
area 

Fifth Creek 

Fifth creek below outfall 362 Taylor 1989 Hg 21.10 p.g/g 19 

Fifth creek below outfall 362 Hg 67.53 p.g/g 

Fifth creek near outfall 261 Hg 4,874 p.g/g 

Fifth creek below outfall 362 Taylor 1990a Hg 23.03-112.43 p.g/g 20 

Fifth creek outfall 362 box Hg 5.67-155.81 p.g/g 

Fifth creek near outfall 261 Hg 555.67-7427 p.g/g 

WOC 

woe near outfall 309 Taylor 1989 Hg 22.20 p.g/g 19 

woe near outfall 309 Taylor 1990a Hg 2.15-17.70 p.g/g 20 

Below fifth creek Spalding and Cs-137 9-3,409 dpmlg 30 
Cerling 1979 Co-60 3-554 dpmlg 

Sr-90 (exchangeable) ND-O.7 dpm/g 



Table 4.6.1 (continued) 

Map Ref. 
Area Sample location Source Parameter Concentration Units No: 

WOC upstream of equalization Oakes 1983a Hg 1.6-9.5 p.glg 7 
basin 
WOC downstream of Hg 0.4-19 p.glg 
equa1izalion basin 
woe T-IO, 1979 Hg 3.8 ppm 

6-LT, 1983" Hg 2.9 ppm 
6-LM, 1983 Hg 2.0 ppm 
6-LB, 1983 Hg 6.4 ppm 
6-RT, 1983 Hg 9.5 ppm 
6-RM,1983 Hg 1.6 ppm 
6-RB,1983 Hg 2.8 ppm 
7-RT, 1983 Hg 5.1 ppm 
7-RM,1983 Hg 18 ppm .I>-
7-RB, 1983 Hg 19 • ppm ..... 

'" 7-LT, 1983 Hg 8.1 ppm 
...., 

7-LB, 1983 Hg 0.4 ppm 
woe" Cerling and Co-60 0.0-370 dpm/g 30 

Spalding 1981 Cs-137 0.0-23,200 dpm/g 
Sr-90 0.0-22.4 dpm/g 

First Creek 
First creek upstream of Oakes 1983a Hg 0.67 p.glg 7 
northwest tributary 

First creek upstream of Hg 1.37-0.06 p.g/g 
northwest tributary 

First creek Cerling and Co-60 0.0-29.1 dpm/g 26 
Spalding 1981 Cs-137 0.0-1040 dpm/g 

Sr-90 0.0-30 dpmlg 
Northwest Tributary 

Northwest tributary upstream Taylor 1989 Hg 0.17 p.glg 19 
of first creek 

7500 bridge 



Table 4.6.1 (continued) 

Map Ref. 
Area Sample location Source Parameter Concentration Units No." 

Confluence of X-to Sites in Taylor 1990b TOC 2.8-5.5 % 17 
WOC 

woe T-8, 1979 Oakes 1983a Hg 0.41 ppm 7 

woe 8-RT, 1983 Hg 2.5 ppm 

woe 8-RM, 1983 Hg 4.5 ppm 

WOC 8-RB Hg 1.4 ppm 

7500 Bridge Daniels 1989 Cs-137 2300-290,000 Bqlkg 27 
Co-60 11-17,000 Bq/kg 
Eu-154 190-1,200 Bq/kg 
Eu-152 78-2,900 Bq/kg 
Cs-l34 72-270 Bq/kg 
U-234 52-170 Bq/kg 
Ba-133 510 Bq/kg 
Am-241 46-160 Bq/kg .... 
Cm-244 80-680 Bq/kg • -Th-232 15-56 Bq/kg '" ..., 
Th-230 11-36 Bq/kg 
Th-228 18-55 Bq/kg 
Sr-9O 37-1100 Bq/kg 
Pu-239 110-160 Bq/kg 
Pu-238 4.9-39 Bq/kg 
U-238 28-75 Bq/kg 

Perimeter 

Clinch River CRM 20.8 Energy Systems Co-60 0.49 pCilg 3 
1985 Cs-137 5.7 pCi/g 

K-40 12 pCilg 
Pu-238 0.0022 pCilg 
Pu-239 0.022 pCilg 
Sr-9O 0.70 pCi/g 
U-234 0.15 pCilg 



Area Sample location 

woe Station 6 - downgradient 
of WAG I perimeter 

·For map locations, see Fig. 4.5.1. 

Table 4.6.1 (continued) 

Source 
Energy Systems 
1989 

Parameter 
Aroc1or 1016 
Aroclor 1221 
Aroclor 1232 
Aroclor 1242 
Aroclor 1248 
Aroclor 1254 

Concentration 

<400-<910 
<400-<910 
<400-<910 
<400-<910 
<400-3000 
200-7800 

Units 

J.lglkg 
J.lglkg 
J.lglkg 
J.lglkg 
J.lglkg 
J.lg/kg 

"R, M, and L indicate right, middle, and left of the stream looking downstream. T, M, and B indicate top, middle,and bottom ofa IO-in. core. 
>woe samples upstream of its confluences with Northwest Tributary and Fust Creek. 

Map Ref. 
No.' 

11 



Table 4.6.2 (continued) 

Test group CAS No. Compound Units Min. Error Flag Max. Error Flag Average Hits Count 

7440-22-4 Silver p.glkg 4500 19700 11388.889 9 10 
7440-23-5 Sodium p.glkg 49900 113000 J 72750 10 10 
7440-28'() Thallium p.glkg 890 890 890 1 10 

7440-31-5 Tin p.g/kg 11400 J 11400 J 11400 1 1 
7440-62-2 Vanadium p.glkg 18400 35500 25450 10 10 
7440-66-6 Zinc p.glkg 101000 J 458000 J 274600 10 10 

PESTIPCB 12672-29-6 Aroc1or 1248 p.glkg 620 J 620 J 620 1 9 
11097-69-1 Aroclor 1254 p.glkg 410 J 12000 J 2814.2857 7 10 
11096-82-5 Aroc1or 1260 p.g/kg 570 J 3900 J 1784 5 10 

RAD 12587-46-1 Alpha Particle pCi/g 13.3 8.1 135 33 67.757143 7 8 
14596-10-2 Am-241 pCi/g 0.15 0.07 5.1 .83 2.325 4 4 
12587-47-2 Beta Particle pCilg 13.5 4.6 1910 380 719.5125 8 8 

RAD 13966-05-7 Ca-45 pCilg 5.2 0.6 5.82 .69 5.51 2 2 
0-190 Cm-2341244 pCi/g 10.7 2.4 15.1 3.4 12.9 2 2 
15510-73-3 Cm-242 pCi/g 10.5 2.4 12.5 2.9 11.5 2 2 ~ , 
10198-4(}.() Co-60 pCi/g 0.11 0.02 12.6 1.2 5.6175 4 4 -\0 

13967-70-9 Cs-134 pCi/g 0.61 0.15 .61 .15 0.61 1 1 V\ 

10045-97-3 Cs-137 pCilg 1.45 0.19 2480 250 925.41 8 8 
14683-23-9 Eu-152 pCi/g 2.57 0.33 4.81 .45 3.69 2 2 
15585-10-1 Eu-I54 pCi/g 2.04 0.25 2.16 .28 2.1 2 2 
14681-59-5 Fe-55 pCi/g 26 9.3 26 9.3 26 1 2 
15046-84-1 1-129 pCilg 0.2 0.11 J .24 .12 J 0.22 2 2 
13966-32'() Na-22 pCilg 0.14 0.08 .82 .18 0.59 3 3 
13982-63-3 Ra-226 pCi/g 0.47 0.1 .66 .14 0.565 2 8 
15262-20-1 Ra-228 pCi/g 0.68 0.22 1.41 .48 0.86 6 8 
10098-97-2 Sr-90 pCi/g 1.2 0.33 67 6.9 21.8275 8 8 
14274-82-9 Th-228 pCi/g 0.74 0.17 1.29 .23 1.1314286 7 8 
14269-63-7 Th-230 pCi/g 0.61 0.15 .91 .18 0.81166667 6 8 
7440-29-1 Th-232 pCi/g 0.67 0.19 1.1 .21 0.89 7 8 
13966-29-5 U-234 pCi/g 0.97 0.19 4.47 .61 2.45875 8 8 
7440-61-1 U-238 pCilg 0.78 0.19 3.52 .5 1.8066667 6 8 



Table 4.6.2. Summary sediment analyses 

Test group CAS No. Compound Units Min. Error Flag Max. Error Flag Average Hits Count 

BNAE 83-32-9 Acenaphthene p.glkg 490 J 490 J 490 1 9 
120-12-7 Anthracene p.glkg 130 J 980 J 647.5 4 9 
56-55-3 Benz(a)anthr:acene p.glkg 630 4300 J 1892 5 9 
205-99-2 Benz(e)Acephenanthrylene p.g/kg 1500 J 12000 4140 5 9 
50-32-8 Benzo{a)pyrene p.gfkg 560 J 3400 J 1613.3333 3 9 
191-24-2 Benzo(ghi)Perylene p.glkg 400 J 400 J 400 1 9 
207.n8-9 Benzo(k)Fluoranthene p.glkg 2400 J 2400 J 2400 1 7 
117-81-7 Bis(2-Ethylhexyl)Phthala p.glkg 200 J 1300 810 3 9 
218-01-9 Chrysene p.gfkg 1000 6500 2900 5 9 
84-74-2 Di-n-butylPhthalate p.glkg 630 J 630 J 630 1 9 
206-44-0 Fluoranthene p.glkg 1400 9800 4440 5 9 
85.n1-8 Phenanthrene p.glkg 710 5000 J 3022 5 9 
117-8W Phthalic Acid, Dioctyl Es p.glkg 83 J 83 J 83 1 9 ~ 

129.nO-O Pyrene p.glkg 1200 J 8000 J 3780 5 9 • -'" DIOXIFURA 55684-94-1 HxCDF ng/g 0.95 J 0.95 J 0.95 1 I '" 
METALS 7429-90-5 Aluminum p.glkg 3420000 9730000 6663000 10 10 

7440-36.n Antimony p.gfkg 12500 J 12500 J 12500 1 6 
7440-38-2 Arsenic p.glkg 3200 J 6800 4762.5 10 10 
7440-39-3 Barium p.g/kg 60300 251000 112610 10 10 
7440-41-7 Beryllium p.gfkg 730 1900 1140 9 10 
744043-9 Cadmium p.glkg 2300 4300 2950 10 10 
7440-70-2 Calcium p.gfkg 2390000 77300000 31959000 10 10 
744047-3 Chromium p.glkg 31500 145000 69380 10 10 
7440484 Cobalt p.g/kg 9000 23700 12755.556 10 10 
7440-50-8 Copper p.glkg 12900 107000 J 44700 10 10 
7439-89-6 Iron p.gfkg 15600000 35800000 24490000 10 10 
7439-92-1 Lead p.glkg 28400 103000 56190 10 10 
7439-954 Magnesium p.glkg 1240000 16SOOOOO 5227000 10 10 
7439-96-5 Manganese p.g/kg 262000 J 1000000 J 696666.67 10 10 
7439-97-6 Mercury p.glkg 270 J 7900 J 3674 6 10 
7440-nl.n Nickel p.glkg 12000 22700 16620 10 10 
7440.n4-2 Osmium p.g/kg 16900 J 16900 J 16900 1 1 
7440.n9-7 Potassium p.g/kg 247000 669000 508400 10 10 



Table 4.6.2 (continued) 

Test group CAS No. Compound Units Min. Error Flag Max. Error Flag Average Hits Count 

SULFIDE 18496-25·8 Sulfide p,g/kg 4070 J 169170 57000 5 6 
VOC 67-64-1 Acetone p,glkg 17 30 23.5 2 9 

75-15-0 Carbon Disulfide p,glkg 2 J 2 J 2 1 9 
108-90-7 Chlorobenzene p,g/kg 1 J 1 J 1 1 9 
74-87-3 Methyl Chloride p,g/kg 7 J 7 J 7 1· 9 
75-09-2 Methylene Chloride p,g/kg 4 J 4 J 4 3 9 
108-10-1 Methylisobutylketonea p,glkg 2 J 2 J 2 1 9 
127-18-4 Tetrachloroethylene p,glkg 18 18 18 1 9 
108-88-3 Toluene p,glkg 5 J 8 J 6.5 2 9 

a Also known as 4-methyl-2-pentanone. 

""'" , ..... 
\0 ..... 
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~ IW,I,TERBCOY 

~ SUltOING 'tiT!! NJIeElI 

WHITE OAK AVE 
566 • 873 "';::4========~=~~Concentratton range of $1"'-90 (pCilU 

• ,. 10,0011 

+ + + 

• ... 
• • 
0 

o 

,. 1.000 < 10,000 

,. 100 < ],000 .. < 100 .. 
"""'mil 

SCALE IN FEET 400 
I 

I 100 100 
SCALE IN METERS 

800 
I 

Ftg.4.3.2.. Strootium.-90! maximum COPSeDtraiion in weDs 
and piezometers sampled duriDg low base Dow conditioos. 
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NOTES 
I. AlL COfRll[Io!ATES ARE BASED ON TH£ tRNL CRID STST[I!. 

~E .INGLE Of OEa.IH.lHON Of' THE QRNL GRID TO TRUE 
NalTH IS TAlEN fRQI THE APPROXIM4TE CfJfTER OF 
~E WAC. 

l. Fm! o..AR(Tl'. CEliEfULlZEO SITE lNFORMmOM IS USl:O. 
FOR DETAIWI INF~ATlON. sa P1.J.TE I • 

~. TOtAL RADIO.I.CTI~ STRCtfTllJj illNt:ENTIlATlOI!S AIlE 
FR~ U,WILlERED S.oo>LES. 

4. THE C~£C£N1RmON AT WELLS HOQ olNO 1\01 ARE 56.3 
114.1 ~Cilt. RESPECTMLY. 

1I4C t SOUNDARY 

PAVED Rtl.I.lI 

"'" ~NI.tLS1ltE~ 

WATER BODY 

eUILOIIIC 'IrM NIJIe£R 

Concentration r~e of total 
I"'odioocti.ve s!ro Iym (g;Ci/U 

• 3,18:1 

• > 100 .. 1.000 .. > • " too 

• , . 
0 lIIOETECTEO 

SCALE IN FEET 
o 400 800 

.I i 
o 100 200 

SCALE IN METERS 

rlg.4.3.3. Total radioactin strontium: m..uimum CODCel]­
tratioos iD "dis aDd piezometers sampled during bigb base 
Dow cooditions. 
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1. ALL COORC!~lES AR£ B.lS£D (»I THE OIlliL ClUO S'l'sttw, 

THE A1/Q.E Cf OEO-INATION (f THE ()<NL CRID TO TRUE 
~RTH IS r.u:[II FR(»I Tilt APPR;!JXIW~TE CENTER OF 
TIlE \iAe. 

2. Fell c...l.Rln'. CEI€RJ,LiZEO SITE !NFI:RIUTlm. IS USED. 
Fell OET ... !LED IIf'IJIIv.TION. SEE f'\.ATE I. 

3. TRITIUM CONCENTRATiON; ARE FROW FiL1tA8l 
OIl UN>!L TERm SUf>LES 

I'.I.C I eCUlD.lRY 
_ PAY[llIIOAII 

"'" 

I ~ I ::I:~~TM OIER ~ 
PEREljNUI. STllEAw 

--::~========~==::~concentrotion range of Trltium (pCi./U 
• ,. ZO,QOO < '112.000 

+ 

• ,. 1.9040 < ZIl,OOO 

824+ -':j' '- ... ~ 1~40 

r=~~~~~~~~~~~~·~·S~OU~T~HS~I~OE~OR~I~VEt--:-. 

+ + 
SCALE IN FEET 

o 400 800 

I t I 
I 

o 100 200 
SCALE IN METERS 

FIg.4.3.4 Tritium.: maximum. COOcentratiODS in aU wells, 
piezometers and coreboles sampled. 
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NOTES 
1. I.Ll t:IXAlllil.TES AAE !lASED 1)0( ~E 0RJit. a'lm SYSTEII. 

TIlE A/lCtE a' DEO..!IiI.TtI)o( a' THE CJIHL CIIID TO TIllIE 
NORTH IS T.IlEN "!OM M APPROXl~ATE Wfn::R (IF 

TIlE • .t.C. 

1. '~C!.ARIT'f. IDEIlALlIEIl SiT'E lJiF(JlNUl()llj IS USED. 
FOR OETAlLED INfmlll.Dl)oI, SE.E PlAtt t. 

J. TRITIl..IW CONcrNTlU.Tl()PIS ARE FROW lRCFIU£RED SIoIf'LE.S, 

'.t.CIB~ 

PAVED R()Al) 

rn;~ 

P(fIEJjNIN... STROll 

~ *"'""" ~ BUILD[~ VITH IIlHIER 

Concentration range 
of Tritium (pCi/l) 

• ,. 100,000 

• ,. 20,000 - < 100,000 ... ,. 1.940 - ~ 20,000 

• :I' 1.940 DETE~ 

0 LMlET<:C'TIlI 

SCALE IN FEET 
400 800 

\ I I 

100 200 
SCALE IN METERS 

Fig. 4.3.5. Tritium: maximum CODcentrations in wells and 
pie:wmeter.; sampled during low base floW conditions. 
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NOTES 
1. AlL COCl!llIIil.TtS .IJlE BASED Cfi TM£ ORIIL CIII!) SYSTEM. 

THE ANQ.E rF IlEQ.IHATltll Cf nlE CAA1. CAlO TO TRUE 
NORTH IS TAlI:N FlICIII TIlE APP!lOXI~AT'E CENT'ER CI' 
TNE WAC • 

Z. FO'l C1..JIIITf. CENEJUL[ZEC SITE INFIlIWI.TION IS USED. 
rCA OETAILDl INFIBIATICIrI, S!:~ Pun:: I. 

3. lfllTllJll [lJjC£ImU.TlClriS loRE FRCIIILMFILTERED SAI4"LES • 

4. ~~ILC\l~~N~~~Cv;. "NMmM~ UOI IoRt 168,530 

~ 'ilTDIBOOT 

~ &JILDIHC WIn! lIMIER 

o 
I 
a 

Concentration range 
of Tritium (pCVU 

• ~ BtlO,OOO 

• > 100,000 " ~ 800.000 

... > 2n.ooo " ~ 100,Il00 

• > 1,!)40 • S 20,000 

• ~ t.g~O 

SCALE IN FEET 
400 800 

i ! i t 

100 200 
SCALE IN METERS 

Fig. 4.3.6. Tritium: maximum CODc=eotratiOD ill weDs and 
piezometers sampled during high base Dow conditions. 
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NOTES 
I. ALL COOOIIltuTtS ARE 6ASED CfI TIlE OfINL ~IO sm£~. 

TIrE AN[U Cf OEa.lllAr.~ I:F TIlE (W!HL eRIO TO T1U[ 
NClr:rll IS TAI.OI FRO!I TIlE APf'ROll"ATE COHER OF 
nit \lAC. 

z. FCfI Q.AAIn'. CEPtEIiALiZED SITE INFCfI~mOM IS USED. 
FQII OETAILDl INFCI'lIu.TlON. SEE putt I. 

3. GI!OSS ALPHA ACTlvm F'1IIl~ FILTEREC OR lINnLID[D 
s.uf'US. 

4. GI!OSS ALPHA ACTIVITY. 9.41 oC'/\. AT "lEu. 885. 

5. (;$lOSS ALI'IU. ACTIVITY 'U.S 1HlETErnn AT 'oIElL 886. 

lliS'jQ. 
WAC 1 ~OAAY 

PAVED Ro.I.Il 

'~cr 
POONIAL STllEAM 

~ IiATER 800Y 

Dill] ilUILO[H; VlTII IllI&:R 

Concentration gross alpha 

• >1000 

• "200' ~~n 

'" >100 • ;1:200 

• :>15 ·.soIOO 

.1l5 DETEC!ED 

0 (tIOmrn;o 

SCALE IN fEET 
400 

I 
I 

(pCiJU 

800 
I 

o 100 200 
SCALE IN METERS 

Fig.4.3.7. Grossalpba: maximum acthityinall wells, 
piezometers aDd coreholes sampled. 
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NOTES 
t. 4ll CI»lCl~TES ARE B.lSro ~N THE C~L ~IO STSTEM. 

TIlE A~E aF OECllNmQl OF TliE O~ aun TO TRll£ 
~Tli IS TAl(EN FROM THE APPflIlXIMATE CQI1!R or 
TllEw/,G. 

2: FOR Q.ARm. GEh'ERALIZ!D SITE INFOR~.iTlOli 1$ US[D. 
FOR DETAilED lIlFCJI,"tiON. SEE PLATE 1. 

l. CROSS ALPHA AClIVITY ,ROW UHFILTER£.O SoUo1'\.ES. 

!J.illjQ 
WAC I SCUMDARl' 

_ ?lVroROAlI 

,~~ 

PEllENHl41 ST~ 

~ IQTIR81llY 

~ lIIJIl.DINC WlTl! tIlleER 

Concentraii.on gross alpha (pei-lLl 

• >IOCO 

• >'200· :slooD 
A :>100 • $200 

• >'5 • slOO 

• "15 DETECTED 

0 l.I4DETErntl 

SCALE IN FEET 
400 800 

j ! 

o 100 200 
SCALE IN METERS 

Fag. 4.3.8. Gross alpha: maximum actil'ity in aU wells and 
piezometers saJDpled duriQg low base now conditioos.. 
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NOTES 
1. ALL COMDIH.l.TES ARE BASED CII TIlE C1M. QlID srsTE~. 

~E ANQ.E Cf' m:o..lunQl t'f iHE [)'tNt. CRIC TO TRUE 
NOR~ IS TMCN I'l«l~ 1'110 APf'fIOXIMATt CElITER Of 
Tf!!: WAG. 

2. fM a..lSIlTI. CEHEJULIZEll SITE INfll'lMm~ IS LISEIl. 
rei! DETAILED INf(bl.,DDII. seE f'tJ:rr I. 

J. CflOSS Al.?f!A ACl'IVm nON UMFILTrRED s»PLES, ocr.PT 
PIEZOI€ttRS s-te AND £08 'llHICW WAS FRON THE FILTERtD 
s...If'LES. ~FILlERED SAIf'LES ~ NOT AIIALTZED IN 
PIEZo~ttRS 546 ~ND LOB. 

4. moss AlPHA AtTrvm AT ww.s 1100 IJj[) !tOI '11-'5 2.5 
.l!CO HIl, AESPECTfVEL.Y. 

@@ 
Q&] 

o 
I 
I 
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• • ... 
• • 
0 

LEGEND 
WA~ 1 IIClJjOISlY 

PA\tll RQA() 

,~~ 

PEAElINl.lL mOM 

'linER omT 

BUILDING '1m NIJIoEER 

>[,000 

>200 • ::IOQO 

>100 " .~ 

>15 " ... 
~15 OCTtCTrll 

llIIDETEClED 

SCALE IN fEET 
400 800 

I 
I 

100 200 
SCALE IN METERS 

Fig. 4.3.9. Gross alpba: maximum activity in weDs and 
piezometers sampled during high base Oow conditions. 
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@ill 
t. <ILl. c:lORll!NA!tS « BASED 1)01. TIlE 0RHt. Cl<lll SYSTEM. 

THE A~E OF OECl,lMATII)oI. OF THE I)lNL CRlD TO TRUE 
NORTli IS T.ax£ll FR~ THE II.PPROX1~TE COlTER elF 
THE WAC. 

2. fCl'l Cl,.ISllT'l'. IDEllALlZEll SITE ~!JDUTlOII [$ USED. 
ref! ~TA!UJl IMfIJ'lKl,Tla.., Sf! PLATE I. 

J. ~oss BETA AI;11vtrr nOlI FlLTUlCD OR ~rLlt1IEll 
$lJIl'lCS. 

~ 
WAG I 8O.JjO/.RY 

PA\I[!l ROA[) 

"'" PffiENNIAl..S~ 

~ WATER !laJY 

CillD BlJIUlIHC WITH NlM3ER 

Gross Beta concentration (pCtll) 

• 585497.1 

• >1000 • ~ 12.S00 

... >IS • ~ ]000 

• ~ IS OE1!C11Jl 

0 UNDETECTED 

SCALE IN FEET 
400 800 

~------,,~'------r-_' 
o 100 200 

SCALE IN METERS 

Fig. 4.3.10. Gross beta: maximum. activity in aD wells, 
piezometers and c:oreltoles: sampled. 
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tillru 
1 •• AlL COOIIIlINAITS IJI£ SASEO ON HE iJtNL eRlD SYSTEM. 

TlI<: ANGLE OF OEClINATiON OF TIlE ORNL CRlD TO TRLIE 
IIO<TH IS TAlEN F~ THE APPRD~III,TE CENTER Of 
THE WAG, 

2. FOR Q.AR1Tf. CENERAllZ£O SITE INFORI<AHOrI IS USED. 
FOR OETAIL£D l~ORIII,T1011. SEE PLATE I. 

3. o:mss Il£TA ACTIVITY F~ tJlf'lLTERED S~LES. 

4. THE cttICOORATION AT 'oUtS SiS AND 805 ARE. 4650 pCVL 
AND 93.£ pe'll.. R£Sl'£CTlY£Ll. 

5. THE ~romu..nnN AT lEttS 1100 AND 1101 ARE 215 pCi". 
.lNll )91 Pct/L. Rf.!;PECTIVlll. 

WAG 1 8lIlJ1C)llIY 

PAVED ROAD 

,~~ 

f'£R£)jNULm~ 

'l:.lTER BODY 

BUILDING WITH NWIlEll 

Coocentro+ j 00 I OW 6ase Aeto (pej Il' 

• >\01)(1 

• ~100 • ~OOQ 

'" >15 • <loa 

• <IS CflECTEO 

0 """''''' 

SCALE IN FEET 
o 400 800 

I ill 

o 100 200 
SCALE IN METERS 

Fig. 4.3.11. Gross Beta: maximum activity in wells and. 
piezometers sampled during low base now conditions. 
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NOTES 
t. AU. COIl<OIf!AT'ES ARE: SASElI ON THE ORNL CRID SYSTEM. 

THE ~a.E 01' DECLlNArICI'I 01' THE ORNL GRID TO TRut 
NORTH IS TAKEN fRDW THE APPRLlXIWI.TE CINTER I)F 
THE WAC. 

2. rOll CLARITY. ~~fULIZED Sm: INrOR~TlON IS USED. 
FOR DHAIlED INFIl<ItI,TlON, SEt PLATE I. 

3. CROSS anA I.ITIVlT'l' FRo~ lINfllT'ER:ED S,UipLES. 

W~G t aauNOARY 

PAVED ROAO 

FENCE 

P~IAL STREAM 

~ 'iA.TE!I!IDOY 

~ BlIILDINC WIT,H N~B£R 

• >(000 

• ""DO • .dODO 

... >15 • .00 

• <\5 O(:TECtEO 

0 UI'I0rTECTtll 

SCALE IN fEET 
o 400 BOO 

I 1 I 
I 

a 100 200 
SCALE IN METERS 

Fig. 4.3.12. Gross Beta: maximum activity in wells and 
piezometers sampled during high base Dow cODditions. 
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NOTES 
I. AlL CfJORCWTES AIl£ BASrp IJj Tl4E OR,"- CIIID srsrEW, 

TIrE ANI:l.E Cf DEo..IMATIDI'I OF TlIE I:IRNL GRID TO m.J£ 
NORT\I IS TUrN fRO~ TIrE ~~OXIMU'E CLMTER OF 
THE ~AC. 

Z. I'CIl o."'I!Tl. ttNERAl..lZEll SITE IMl'OIUU.T!ON IS US[!]. 
FCJl DnAILOl !~tl!M/lnOM. srr PUTE t • 

3. RADIUM Cl)jCENTR.lTtIlj IS lliE SU~ OF IlAOIlJIH26 Af([) 
RADlUM-ZZB. 

~. I\.IJlIUM CJjCENTIlUIIJjS ARt FROIII lM"llTERt.ll ~WI'LES. 

LEGEND 

VAt; 1 B~D/.R'I' 

PAVED RIWl 

"'''' 
PEROINIAl STlIEAM 

@@ .... rutSCD'l' 

Cill[] BUIl.DIMC WITl4 ~ 

concentration Range of radium 

• • ... 
• 
• , 
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1 00 200 
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(~CilU 
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Fig. 4.3.13 Radium: muimum COOc:elltr.atioD ill wells all 
piezometers sampled duringlow ~ now conditions. 
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NOTES 
I • .l.LL coo:aJINUES .ISlE BlSEll ~ Tl4E CIR~ Gl:lD SYS1U. 

TIlE J.ljil.E Of OEtl.!IIATII)I. Of TIlE ~L CIllO TO TRUE 
NCRT14 IS 1AXOI FlIOH lIlE .lI'PROJ(J"~T£ COlTER IJF 
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2. Ftli Q.ARITT. iDjEAAUZED SIT'[ IHFalWAT!1)Ij IS tJS!D. 
FOR OET~IL(D 1~!J!I4I,n~. :>£[ PLI.TE I. 
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Fig. 4.4.5. Alpba-2.Selected alpha emitting radionudides 
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Fig. 4A.7. Maximum gross beta adirity in soil borings. 
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Fig. 4.4.l.2. Maximum antimony concentrations in soD borin&i:-
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Fig.4.4.14. Maximmn beryDium coneeDtratioDS in soil 
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Fig. 4.4.17. Maximum cobalt CODttDtr:atiODS in soil 
borings. 
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Fig. 4A.]8. Maximum copper amcentraboDS in soil borings. 
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Fig.4.4.19. Mnimumlead CODcmtratioDS in soil borings. 
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LIMIT FOR RUN) 
• FIELD DUPLICATES ARE INDICATED AS 'DUP' 

Fig. 4.5.2. Gross alpha and gross beta In unfiltered surface water. 



( 

( 

5.33A 6066.18B 

SR·90 IN UNFILTERED SURFACE WATER 

LBNS 600.-........................................ --~~.-~~-4 .................................... -, 
500 I 

400 

s 
() 300 
c. 

200 

100 

0 

t 86.6 
.40.1 .. 30.9 

.s0.5 .61.8 
.13.2 .11.9 

SW-4 ' SW-5 SW-5 ' CS003' SW-7 ' SW-8 ' SW-6 ' SW-6 
(Dup) LOCATIONS (Dup) 

TOTAL STRONTIUM IN UNFILTERED SURFACE WATER 
LBNS HBNS HBS 

600~~~------~~------~--------~~--------~ 

500 

400 

.S 300 () 
c. 

200 

100 

~ 475 

~ 142 

.23.8 
• t 67.9 t 74.6 .4722 

50 I .17.09 4.88 • 30.77 • 11.34 . 4~.3 

o CSOll SW-4 SW-7 SW-8' SW-6' SW-6' SW-4' SW-5' SW-7' SW-8' SW-6' SW-6 
(Dup) LOCATIONS (Dup) 

NOTES: ' LBNS = LOW BASE, NON·STORM 
• HBNS = HIGH BASE, NON·STORM 
• HBS = HIGH BASE, STORM 
• VERTICAL BAR INDICATES ERROR TERM 
• LOCATION IDS HAVE BEEN ABBREVIATED 
• CONCENTRATION BAR W/O VERTICAL BAR INDICATES UNDETECTED VALUE (DETECTION 
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• FIELD DUPLICATES ARE INDICATED AS 'DUP' 

. Fig. 4.5.3. Strontium-90 and total radioactive strontium In unfiltered surface water. 
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Fig. 4.5.4. Tritium and radlum·228 in unfiltered surface water. 
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Fig. 4.5.6. Ceslum-137 in unfiltered surface water. 
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Fig. 4.5.7. Gross alpba and gross beta In filtered surface water. 
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Fig. 4.5.8. Strontlum-90 and total radioactive strontium In filtered surface water. 



( 

6.33a 006S.15 

160 

140 

120 

S 
0 

100 

80 
C-

60 

40 

20 
• 7.8 

0 
SW-4 

RA-228IN FILTERED SURFACE WATER 
LBNS 

SW-5 
(DUp) 

.2.61 

SW-5 

~ 123 

- 26.01 ~ 23 

SW-7 CS011 SW-8 
LOCATIONS 

~ 13.7 

SW-6 
(Dup) 

~ 12.6 

SW-6 

NOTES: • LBNS = LOW BASE. NON-STORM 
• HBNS - HIGH BASE. NON-STORM 
• HBS - HIGH BASE. STORM 
• VERTICAL BAR INDICATES ERROR TERM 
• LOCATION IDS HAVE BEEN ABBREVIATED 
• CONCENTRATION BAR WIO VERTICAL BAR INDICATES UNDETECTED VALUE (DETECTION 

LIMIT FOR RUN) 
• FIELD DUPLICATES ARE INDICATED AS "DUP" 

Fig. 4.5.9. Radium-228In filtered surface water. 
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5. CONTAMINANT FATE AND TRANSPORT 

This section describes the analysis of fate and transport of contaminants in WAG 1; the 
analysis, essentially qualitative, is not directed at determining exposure point contaminant 
concentrations. Calculations in this section are not calibrated to specific sources or receptors .. 
The purpose of this section is to provide general information on the fate and transport process 
at WAG 1, which will form the basis for more detailed, operable unit-specific evaluations 
to be completed during future investigations. Fate and transport are addressed for all 
environmental media except air, which was not assessed as part of this investigation. Fate 
and transport of contaminants via the food chain is also not addressed. 

Fate and transport of a contaminant in an environmental medium are governed by the 
physical, chemical, and biological characteristics of the contaminant and the environmental 
medium with which it interacts. In addition, transport is governed by environmental factors 
including meteorology, hydrology, and geology. 

Analysis of the fate and transport of contaminants requires consideration of 
transformation, transport, and speciation processes. This section considers these processes 
generally, using both literature-based and site-specific data. For example, the effect of 
speciation processes on the mobility of metals and radionuclides is addressed through 
distribution coefficients having values based on the physical and chemical characteristics of 
the contaminated media. Similarly, biochemical transformation processes, which are 
especially important for organics, are complex and site-specific; any description of 
biotransformation processes is generalized for the WAG 1 site. Transformation of 
radionuclides through radioactive decay is generally well understood. Phase I of the RI did 
not include numerical modeling of groundwater flow and contaminant transport in WAG 1. 

Section 5.1 describes the relevant physical, chemical, and biological characteristics of 
the contaminants and the environmental media. Section 5.2 uses information on the physical 
characteristics of WAG 1 (given in Sect. 3) to develop a site conceptual model for the 
analysis of fate and transport. Section 5.3 integrates information on the physical 
characteristics of WAG 1 with the information on the nature and extent of contamination 
described in Sect. 4 to perform the fate and transport analysis within the conceptual 
framework developed in Sect. 5.2. 

5.1 CHARACTERISTICS OF CONTAMINANTS AND ENVIRONMENTAL MEDIA 

5.1.1 Contaminants 

WAG 1 is a mixed-waste site with both radiological and chemical contaminants present 
in the various media; however, radiological contamination is dominant. 
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5.1.1.1 Radiological contaminants 

Radiological contaminants of potential concern for WAG 1 are listed with their half-lives 
in Table 5.1.1. The list includes fission and activation products and daughter products of the . 
plutonium-241, uranium-238, and thorium-232 series. 

The properties of radionuclides most relevant to their fate and transport are their half­
lives and their mobility in water. Half-lives are radionuclide-specific and can be obtained 
from literature. The mobility of radionuclides is influenced by such site-specific factors as 
the particular chemical form of the radio nuclide, the geochemistry of the waters in which the 
radionuclide is transported, and the mineralogic composition and texture of the solid medium 
with which the transporting water comes in contact. These factors are incorporated into the 
distribution coefficient (1(,,), which is a bulk measure of the mobility of the solute. A high 
distribution coefficient indicates low mobility, and a low distribution coefficient indicates high 
mobility. The two most important parameters that influence the distribution coefficient are 
the soil/rock type and the pH of the transporting water. 

Table 5.1.2 lists distribution coefficients of radionuclides. Values for cesium, cobalt, 
radium, strontium, and technetium in soils are based on laboratory measurements for soil 
samples from three WAG 1 soil borings. Section A.5 of Appendix A describes the locations 
and the methodologies used to derive the estimates. Typical values not specific to WAG 1 
are also listed for various soil and rock types. The large variation in Kd values illustrates the 
sensitivity of the values to local site characteristics, including pH and soil type. For 
example, the values for cesium in soil at WAG 1 range from 330 to 1429. These variations 
introduce a high degree of uncertainty to estimates of subsurface contaminant transport 
velocities in addition to uncertainties associated with the complex hydrogeology of the site. 

5.1.1.2 Metals 

Metals of potential concern found in WAG 1 are listed in Table 5.1.3, as are typical 
distribution coefficients. Mobility and sorption of metals in groundwater depend on the 
aqueous and solid matrix chemistry in a very complex manner. Heavy metals such as 
mercury are generally strongly retained by the soil material, so leaching is often negligible. 
As mentioned earlier, mobility and sorption characteristics of metals are expressed here in 
terms of distribution coefficients. 

5.1.1.3 Organic contaminants 

Table 5.1.4 lists organic contaminants of potential concern found in WAG 1 and five 
chemical properties of each that are important for fate and transport: water solubility, vapor 
pressure, Henry's law constant, organic carbon partition coefficient (Koc), and persistence in 
various media. The first eight organics listed, all BNAEs, are distinguished by their low 
water solubility and high Koc; they tend to remain fixed in soils. The last 11 organics in the 
table are all volatiles distinguished by their high solubility in water and relatively low K..; 
these have been detected in some groundwater and surface water samples (see Sect. 4). 
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Organics biodegrade to varying degrees both in soil and water in the presence of certain 
microbial populations. Abiotic transformations caused by hydrolysis and photolysis can also 
be important, and transformed products are often more mobile and toxic than their parent 
materials. A notable example of an organic found in groundwater of WAG 1 that 
biodegrades to more toxic products is trichloroethylene (TCE); the microbial degradation 
chain of TCE is depicted in Fig. 5.1.1. 

5.1.2 Environmental Media 

A typical pathway of a contaminant from its source to an exposure point involves one 
or more of the following media: vadose zone (soil/saprolite), groundwater, surface water, 
and sediments. Characteristics of these media are detailed in Sect. 3. Characteristics 
relevant to contaminant fate and transport are summarized in this section. 

5.1.2.1 Vadose zone 

South of Central Avenue, the vadose zone is generally within the regolith, but north of 
Central Avenue, it includes weathered and fresh rock. The thickness of the vadose zone 
decreases from topographic highs to topographic lows at groundwater discharge areas. The 
vadose zone thickness in WAG 1 ranges from 0 to approximately 60 ft. At any vertical 
section it varies with water table fluctuations, which are more than 13 ft in the northern 
(recharge) portion of the WAG. 

The physical properties of the vadose zone that influence the movement of water are 
saturated hydraulic conductivity; total and effective porosities; moisture content; and 
characteristic curves relating hydraulic conductivity and moisture content to the pressure 
head. Transport of particle-reactive contaminants is influenced by pH, cation exchange 
capacity, and total organic content of the vadose zone medium. While most of these 
parameters were not measured specifically for WAG 1 during this phase of the RI, 
approximate values can be assigned on the basis of the soil type and properties and the results 
of previous investigations conducted in and around ORNL. 

The total porosity of the vadose zone is probably in the range of 0.3-0.7, typical of 
clay-rich soils (Freeze and Cherry 1979). The effective porosity, however, may be 
considerably less, on the order of 10-2 to 10-' (Moore 1989; Solomon et al. 1989). Saturated 
hydraulic conductivity is probably on the order of 10-2 to 10"' m/day (Moore 1989). 

WAG 1 soils are generally strongly leached, often acidic, and low in organic content. 
TOC is probably on the order of 0.01-0.1 %, and the CEC is between 10 and SO meq/100 
g of soil (see Sect. 3.2). The pH is in the 4.5-8.2 range (Boegly et al. 1987). The higher 
pH is associated with Gladeville clay series, one of the two principal clay series found in the 
ORNL complex. Collegedale, the other principal clay series, has pH ranging from 4.5 to 
5.5. 

Significant portions of the vadose zone have been excavated and backfilled occasionally 
in connection with construction activities. Materials used in the backfill and their degree of 
compaction generally differ from the native soil and can alter the flow characteristics of the 
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disturbed zone. Hydrologic properties of the vadose zone reported by Moore (1989) are ( 
applicable to the entire ORR, including undisturbed areas. Values within WAG 1 may vary 
from these estimates. However, in preliminary tests in the pipeline trench backfills, 
hydraulic conductivity was not found to be significantly different from the native soil (see 
Sect. 3.3). 

5.1.2.2 Groundwater 

Groundwater flow in WAG 1 occurs in two distinct hydrogeologic regions. The upper 
region is in the regolith, where flow directions are controlled by hydraulic gradients; this 
is also the region where man-made influences are the most pronounced. The lower region 
is in the fractured bedrock, where flow directions are chiefly controlled by the geologic 
structure of the rock. Much of this flow tends to be along fractures (see Sect. 3.3.4). 

Geochemically, an upper flow region that includes both regolith and fractured bedrock 
is characterized by waters rich in calcium bicarbonate. This is underlain by a transition zone 
characterized by waters rich in sodium bicarbonate. A deeper third region is characterized 
by waters rich in sodium chloride without circulation. The combined thickness of the upper 
two regions, where there is groundwater circulation, is approximately 150 ft. Limited head 
data from coreholes in recharge areas suggest that local groundwater recharge affects only 
the upper 50 ft of the saturated aquifer (see Sect. 3.3). 

The groundwater flow regime in WAG 1 is controlled by the presence of three discharge ( 
boundaries-First Creek to the west, Fifth Creek to the east, and WOC to the south-as well 
as a recharge area to the north. It is believed that most of the flowing groundwater ends up 
in one of the three creeks. It is possible that some groundwater may remain strata-bound and 
flow under the creek beds. However, based on evidence available to date, it is assumed that 
al1 groundwater discharges into the WOC drainage system. 

Groundwater flow is governed by the saturated hydraulic conductivity, direction and 
magnitude of the hydraulic gradient, orientation of fracture zone or solution features, and 
effective porosity. Mobility of particle-reactive contaminants in groundwater is influenced 
by aqueous and solid-matrix chemistry. As discussed in Sects. 5.1.1.1 and 5.1.1.2, sorption 
and mobility characteristics of metals and radio nuclides are expressed in terms of distribution 
coefficients. Transport is also influenced by the bulk density of the solid matrix and total 
and effective porosities (or primary and secondary porosities for fractured rocks). 

Saturated hydraulic conductivity. Measurements of hydraulic conductivity in the 
various mappable units of the shal10w bedrock revealed considerable variation, though an 
overall trend of decreasing conductivities with depth could be discerned (see Sect. 3). On 
average, there is little difference between the hydraulic conductivity of the overburden 
material and that of the bedrock aquifer. The mean hydraulic conductivity for overburden 
and bedrock is about 4 X 10-4 cm/s. 

Hydraulic gradients. Horizontal hydraulic gradients in the overburden shallow bedrock 
as estimated from water table contour maps range from about 0.01 to 0.1. Vertical hydraulic ( 
gradients, based on head measurements in the coreholes, are generally steeper and upward; 

R:\W A(J ISCS\.5ECT.s.WOI 



( 
5-5 

gradients are downward in the recharge areas. The steepest vertical hydraulic gradient 
(approximately 0.15 upward) was observed in CHoo1. 

Total and effective porosities. No measurements of total and effective porosities have 
been made for the WAG 1 aquifer. In fractured rock, storativity is commonly assumed to 
be equal to effective porosity (Moore 1988). Moore (1988) estimates a mean effective 
porosity of 0.0025 for the shallow aquifer in the ORNL area. Solomon et al. (1989), 
however, have used a value of 1. 8 % for effective porosity. The total porosity would be 
much higher, probably between 0.3 and 0.5. 

5.1.2.3 Surface water and sediments 

The physical properties of surface water relevant to fate and transport are flow discharge 
and velocities, lateral and vertical extent of flow, and the amount of suspended sediment 
present. Lateral and vertical extent of flow are important factors for large streams where 
mixing of contaminants can be confined to a portion of the total flow cross section. WAG 1 
streams are small, however, and total mixing of contaminants in the entire flow cross section 
can be reasonably assumed. 

Flows in First Creek are generally less than 1 cfs at gauging station SW -7 and only 
about 0.1 cfs when the groundwater is low (see Sect. 3.4). At station SW -4 in Fifth Creek, 
calculated base flows ranged from about 0.5 to 3.0 cfs during the RI. At WOC station 
SW-6, base flows during the RI ranged from about 6 to 9.5 cfs. An approximately 5-year 
record (from April 17, 1985, to December 8, 1990) of flows at SW-6 shows the median flow 
to be about 7 cfs. A significant fraction, especially during low flows, of WOC flows is 
imported water from the DOE water treatment plant, supplied at an average rate of 
approximately 6.2 cfs to satisfy ORNL's potable and process water needs. About 62 % of 
this water is discharged to the WOC surface water system. 

Flow velocities, measured only in Fifth Creek, were generally less than 1 fps. On the 
basis of stream size, flow velocities in First Creek are expected to be lower than in Fifth 
Creek and somewhat higher in WOC. 

Concentrations of suspended sediment were not measured. As comparisons of cesium-
137 (a highly particle-reactive contaminant) concentrations in filtered surface water samples 
with unfiltered sample concentrations demonstrate, suspended sediment can IJlay a significant 
role in transport of particle-reactive contaminants. 

Beyond analyzing for contaminant concentrations, detailed physical and chemical 
characterization of streambed sediments was not performed. The primary physical 
characteristics are texture and organic matter content, including humic material. These 
physical properties influence the affinity of sediments for all classes of contaminants. Visual 
observations suggest that bed sediments have a significant proportion of coarse-textured 
particles with low humic content. 

The chemical properties of sediments that affect their mobility and bioavailability include 
pH, oxidation-reduction, particle mineralogy, and the amount of potentially reactive iron and 
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manganese present. Cerling and Spalding (1981) measured the iron and manganese 
concentrations in bed sediments of WOC and tributaries. The concentrations of both metals 
ranged from a few hundred to a few thousand micrograms per gram. 

The mineralogy of sediments of the WOC drainage system in WAG 1 is influenced by 
the presence of limestone, chert, and sandstone in the parent bedrock. Cerling and Spalding 
(1981) measured the K.. of cobalt, strontium, and cesium in these sediments; values ranged 
from about 200 to 700 cm3/g for cobalt, from about 13 to 20 cm3/g for strontium, and from 
about 2000 to 6000 cm3/g for cesium. 

5.2 SITE CONCEPTUAL MODEL 

The process of contamination of an environmental medium, in its most rudimentary 
form, involves a source of contamination and a release mechanism whereby contamination 
is transferred from the source to the environmental medium. Once in the environmental 
medium, the contaminant can reside in it, be transported with it, or be transferred to another 
medium. For WAG 1, the principal potential source-+release mechanism-contaminated 
media chains are presented in Table 5.2.1. 

5.2.1 Sources 

Although each SWMU within WAG 1 is a potential source for the spread of 
contamination in the various media, it is impractical to address them separately. Section 3.5 
describes individual waste management units within WAG 1. SWMUs can be grouped 
together on the basis of their proximity and similarity of contaminant inventory; Table 5.2.1 
uses such groupings of sources. 

The principal sources of WAG 1 contamination, both radiological and chemical, are the 
inactive tanks and associated pipes and radiological impoundments and the contaminated soils 
around them. The contaminant inventories of the tanks and impoundments are described in 
Sect. 3.5. 

Approximately 95 % of the total documented radioactivity of the inactive waste 
management units in WAG 1 is contained in the six large Gunite tanks in STF. The 
radiological impoundments are believed to be a m~or source of tritium ¢ontamination of 
groundwater as evidenced by very high concentrations (ranging from a few hundred thousand 
to over 800,000 pCi/L) in the groundwater downgradient of them (see Sect. 4.3). The 
inventory of tritium in these impoundments is not known. Impoundments are also sources 
of strontium-90 contamination of groundwater. 

An NPDES-permitted outfall associated with the Process Waste Treatment Plant (X07) 
has been a known source of cobalt-60 and cesium-137 discharges into WOC. However, 
since April 1, 1990, when the new Nonradiological Wastewater Treatment Facility began 
operating, this outfall and some others have been eliminated (Energy Systems 1991). Some 
contaminants (e.g., pyridine and p-dioxane) may have discharged to the WOC surface water 
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system through outfalls. These contaminants are distinguished by their presence in surface 
water only and have not been identified in groundwater samples (see Sects. 4.3 and 4.5). 

5.2.2 Release Mechanisms 

Leaks from underground tanks and associated piping and seepage from impoundments 
are the primary release mechanisms responsible for contamination of the surrounding soil and 
groundwater. Infiltrating precipitation transfers soil contamination deeper. finally 
contaminating groundwater. Contaminated groundwater transfers contaminants to the solid 
aquifer matrix through direct contact, and, for fractured bedrock, also through slow diffusion 
into the rock matrix pores. Surface water is contaminated through discharge of contaminated 
groundwater. Because of the extensive network of pipeline trenches in WAG 1, some below 
the groundwater table, contaminated groundwater has leaked into the outfall systems. In the 
past, some outfall discharges, most notably X07, were significant contributors to surface 
water contamination. Release of contaminants by surface runoff is not believed to be 
significant. Sediments are contaminated through direct contact with contaminated surface 
water. 

Some release mechanisms (e.g., those involving direct contact) are reversible, depending 
on the relative concentrations of contaminants in the media involved. For example, 
contaminated sediments can contaminate surface water through desorption. Such reverse 
releases are usually important after some level of cleanup of one of the media has been 
achieved. 

Because of the deteriorating condition of some of the tanks (see Sect. 3.5), a potential 
for release of contaminants exists following structural failure (e.g., collapse of a tank roof). 
Contaminants could be released to the environment through suspension and transport of soil 
particles in air, through volatilization and transport of volatiles in air, and through direct 
radiation from radioactively contaminated sludges. 

5.2.3 Transport Media 

Water is the principal transport medium for contaminants in WAG 1. All contaminants 
are soluble in water to varying degrees, and most are predominantly transported in dissolved 
phase. For particle-reactive contaminants such as cesium-137, transport associated with 
colloids and suspended sediment can also be important. 

The subsurface/surface water system is described in detail in Sects. 3.3 and 3.4 and is 
summarized in Sect. 5.1.2.2. A few additional observations that have particular relevance 
to transport of contaminants are presented here. 

Subsurface flow in the vadose zone takes place under approximately a unit hydraulic 
gradient. Using a hydraulic conductivity on the order of 0.3 ft/day (approximately equal to 
the WAG 1 average saturated hydraulic conductivity of 10-4 cm/s) and an effective porosity 
on the order of 10.2, the average linear flow velocity in the vadose zone is estimated to be 
on the order of 30 ft/day. This is a high velocity resulting from flow being confined to 
relatively few macropores of very small overall porosities. The total porosity, however, is 
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quite large, more than an order of magnitude higher than the macropore porosities. Thus, 
a large, relatively immobile buffer zone exists for the contaminants from which they can flow 
in and out through slow diffusion. 

Most of the groundwater flow takes place in the shallow bedrock in discrete intervals 
containing fractures. Strike-preferential flow resulting from flows in fractures aligned with 
bedding planes can be referred to in terms of anisotropy. There is unmistakable evidence 
of this anisotropy in WAG 1 aquifers, as evidenced by the observed directions of contaminant 
plumes in relation to the hydraulic gradients (see Sect. 4.3). 

Average linear groundwater velocities in different regions of WAG 1 were calculated for 
the overburden and shallow bedrock on the basis of local hydraulic gradients and hydraulic 
conductivities. An effective porosity of 1.8% was assumed in both the overburden and 
shallow bedrock (Solomon 1989); the results are presented in Sect. 3.3. The velocities 
ranged from 0.0042 to about 45 ft/day. The mean groundwater flow velocity in the portion 
of the WAG south of Central Avenue, where most of the contaminant transport takes place, 
is estimated to be between 1.3 and 1.5 ft/day. Computed velocities in this region range from 
less than 0.Q1 ft/day to greater than 12 ft/day. 

An analog of what exists in the vadose zone exists in the saturated zone, where flow 
takes place predominantly in discrete rock fractures of very low overall porosities, and a 
large, relatively immobile volume exists in the fine pores of the rock matrix. This sets the 
stage for the well-known phenomenon of matrix diffusion of contaminants. Contaminant 
transport takes place largely by advection in discrete fractures. At the same time, 
contaminants are transferred from fractures to the rock matrix by slow diffusion. Matrix 
diffusion retards and attenuates contaminant migration. Contaminants in the matrix are 
potential sources. 

Another phenomenon that may be important for transport of particle-reactive 
contaminants is transport by colloids. Contaminants attached to colloids are much more 
mobile than would be expected based on their distribution-coefficient-dependent retardation 
factors. Colloidal transport may be important in both the macropores of the vadose zone and 
the fractures of the saturated zone. The degree to which such transport is important depends 
on the colloid attachment following collisions with surfaces of macropores or fractures, or 
on the so-called sticking efficiency of the surfaces (LLNL 1992). This, in turn, depends on 
the electrostatic and van der Waals forces between the particles and the surface. When the 
ionic strength of the solution is weak, sticking efficiencies approach zero. Even when 
sticking efficiencies are low, 'colloids should not be transported more than a few tens of 
meters unless other processes are at work to release them" (LLNL 1992). In large fractures 
such as those found in the northern section of WAG 1, enough turbulence may exist to 
release colloids from surfaces. 

The active zone of groundwater flow is confined to approximately the upper 150 ft or 
less of the water table aquifer. Sufficient vertical gradients near the three discharge 
boundaries exist, suggesting that most contaminants in the active flow zone may discharge 
to streams. However, some contaminants may flow under the stream as strata-bound flow 
(see Sect. 3.3). When contaminants flow toward First or Fifth Creek, the flow appears to 
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be strata-bound and is confined to certain geologic layers. However, flows toward WOC are 
interstrata. 

Groundwater discharging into the woe surface water system flows off site as part of 
creek base flows. Surface water Is the fmal transport medium for contaminants that are 
carried off site either in dissolved phase or bound to suspended particles. 

5.3 FATE AND TRANSPORT 

The 'medium most immediately and most commonly affected by a contaminant release 
from its source is soil. The nature and extent of soil contamination is described in Sect. 4. 
The leachability of contaminants from soil is a good indicator of their mobility and 
transferability to other media. Soil samples were selected from areas suspected of high metal 
and radiological contamination and subjected to leachability (modified TCLP) analysis using 
deionized water. The analytical results of this leachability test are presented in Appendix A, 
Sect. A.5. Based on results of this analysis, all metals and radiological contaminants, with 
the obvious exception of tritium, are found to be strongly held in soils (Table 5.3.1). 
Radioactive strontium was the only other radionuclide consistently detected in the extracts 
above quantitation limits (cesium-137 was detected in two extracts). These observations are 
consistent with the generally widespread occurrence of tritium and strontium in groundwater 
samples (see Sect. 4). 

The relative immobility of metals and radionuclides in soils explains why, although their 
concentrations in soils may be high, they remain relatively low in groundwater and surface 
water. All BNAEs listed in Table 5.1.4 are also strongly held in soils, as indicated by their 
high Koc values; few BNAEs have been detected in surface water. Volatile organics, on the 
other hand, leach readily from soil to groundwater and, because their distribution coefficients 
are generally low, are transported in groundwater relatively rapidly. When discharged into 
surface water, their concentrations decrease rapidly because of loss from volatilization. 

5.3.1 Groundwater 

Subsurface transport of particle-reactive contaminants occurs at a velocity that depends 
both on the average linear groundwater velocity and contaminant-specific distribution 
coefficient. The velocity of contaminant transport is given by 

where V.= velocity of contaminant transport, L'J"I 
V, = average linear groundwater velocity, L'J"I 
Pb = bulk density of the solid matrix, ML" 
K.! = distribution coefficient, L'M·1 

e = moisture content, dimensionless, and 
R = retardation factor, dimensionless. 
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This equation assumes Darcian (porous-media) flow; actual flow velocities of WAG 1 
are likely to be greater in localized areas because of the presence of solution channels and 
highly developed fracture systems. The contaminant-specific retardation factor, R, must be 
estimated to ascertain the rate of contaminant migration. As an example, the retardation 
factor is estimated for TCE, an organic observed to be present in WAG 1 groundwater. The 
distribution coefficient of an organic can be expressed as K.! = foc Koc, where foc = mass 
fraction of organic carbon content and K.. has been previously defined. Assuming an foc of 
0.0005, and K .. of 126 cm'/g (see Table 5.1.4), a value of 0.063 cm3/g for Kd is determined. 
Assuming Pb= 1.8 cm'/g and 9=0.4, a retardation factor of 1.28 is calculated. This value 

is close to I, indicating that TCE and other volatiles with comparable K.. levels move 
relatively unretarded in groundwater in a low organic carbon environment such as that 
expected at WAG 1. 

Similar calculations for metals and radionuclides would show that most metals and 
radionuclides are significantly retarded because of their particle-reactive nature. Tables 5.3.2 
and 5.3.3 list the ranges of transport velocities of the radionuclides of concern in the northern 
and southern portions of WAG I, respectively. This information is based on average linear 
groundwater velocities presented in Sect. 3 and distribution coefficients presented in Table 
5.1.2. Because of wide variations in distribution coefficients, considerable uncertainty 
surrounds these velocities. This is in addition to a high level of uncertainty about 
groundwater velocities and about chemical complexation and other factors that affect 
migration velocities. A further complicating factor is the matrix diffusion phenomenon, 
which results in apparent retardation of contaminant movement during the active phase of 
contamination when it acts as a buffer for contaminants. The spread of contaminants is also 
significantly influenced by dispersion in the heterogeneous porous media. As a result of 
these uncertainties, all transport velocities should be considered rough approximations. 

5.3.1.1 Radiological 

Radiological contaminants found in groundwater migrate at velocities that depend on the 
groundwater velocity and the contaminant-specific retardation factor. While migrating, they 
undergo radioactive decay at a radionuclide-specific decay rate and form daughter products 
that may be more or less mobile than the parent. 

Because of the complex hydrogeology of the WAG 1 site, contaminant migration 
velocities can only be approximated. Since tritium moves unretarded in groundwater (K.!=o), 
its transport is discussed first. 

The principal sources of tritium contamination of WAG 1 groundwater are the 
radiological impoundments. A typical groundwater velocity of 0.2 ft/day can be assumed for 
the impoundment area (see Table 3.34), and the distances from the impoundments to WOC, 
the discharge boundary, are approximately 100 to 300 ft. The groundwater residence time 
of tritium originating from the impoundments would, therefore, range from 1 to 4 years. 
Because the half-life of tritium is 12.3 years (see Table 5.1.1), no significant decay of tritium 
for this case is expected. Consequently, the large differences in tritium concentrations in 
surface and groundwater around the impoundment areas (see Sects. 4.3 and 4.5) can be \ 
attributed to dilution alone. 
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Impoundments are also sources of strontium-90 and thorium-232. The latter is virtually 
immobile, having a very high K.. (see Table 5.1.2). However, a daughter, radium-228, is 
relatively mobile and is detected in significant concentrations in wells downgradient of the 
impoundments. Using the estimated groundwater transport velocities for radium of 
5.7 X 10" ftlday to 0.15 ft/day, it would take between 2 and 48 years for radium-228 to 
travel 100 ft from the 3513 and 3540 impoundments to WOC. Time estimates to travel 
300 ft from the 3524 impoundment to WOC range from 6 to 144 years. If local groundwater 
velocities (0.2 ft/day) are used instead of area-wide averages, the transport travel times for 
radium range from 12 to 330 years to migrate 100 ft and 36 to 995 years to migrate 300 ft. 
Thus, radium-228 may have migrated from the southernmost impoundments to WOC, but 
it is much less likely that radium-228 traveling in groundwater from the northernmost 
impoundments could have reached WOC. Also, radium-228 would undergo significant decay 
before reaching WOC. [The half-life of radium-228 is only 5.76 years (see Table 5.1.1)]. 
Strontium-90, which has a migration veloCity about three times that of radium-228 (see 
Table 5.3.2), would take between 34 and 50 years to travel from the farthest impoundment 
(3524) to WOC and would also undergo some decay. [The half-life of strontium-90 is 28.8 
years (see Table 5.1.1).] Concentrations of strontium-90 and radium-228 in surface waters 
would reflect the effects of both radioactive decay in groundwater and dilution in 
groundwater and surface water. 

Potential sources of radiological contaminants associated with NTF and STF and 
associated piping are approximately in the center of the WAG. The contaminant migration 
pathway (for any contamination that is not captured by the tank farm sump system) would 
be predominantly along strike toward First Creek, a distance of approximately 1200 ft. A 
higher groundwater velocity can be assumed for this area because groundwater flow is 
predominantly in bedrock at steeper hydraulic gradients. Assuming a groundwater velocity 
of 5 ft/day for this area (see Table 3.3.4), the groundwater residence time of tritium would 
be less than a year, too short for any significant decay. Regardless of the location of a 
tritium source within WAG 1, the groundwater residence time appears to be too short for any 
significant decay to occur. 

Rates of potential migration of strontium-90 from the NTF/STF area may vary from 
0.15 to 1 ft/day (see Table 5.3.2). Assuming a rate of migration of 0.5 ftlday, it would take 
about 7 years for strontium-90 to reach First Creek. No significant decay is expected. 
Radium-228, however, might take three times longer and would decay to about one-twelfth 
its source value. . 

The migration pathway of radiological contaminants potentially originating in the 
graphite reactor area is decidedly toward Fifth Creek. Because of the relatively short 
distance to the discharge boundary, no significant decay in groundwater of tritium or 
strontium-90, the major contaminant, Is expected. Americium-241, identified in groundwater 
samples collected near the Building 3042 area, flows toward Fifth Creek. Kd values were 
not measured for americium as part of this RI, but the literature values for distribution 
coefficients range from 1 to 22,000 cm'/g. Given this high degree of variability, it is 
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possible that americium could reach Fifth Creek within a few years, but the migration 
velocity cannot be estimated without site-specific K.! values; therefore, its migration velocity 
cannot be estimated. However, it is likely that some or most of the contamination is captured 
by the 3042 building sump, which has been shown to interact with groundwater (see Sect. 
3.3). 

Plutonium-238 and plutonium-239/40 have been detected in some wells. Plutonium has 
a high Kd (see Table 5.1.2) and is relatively immobile. However, because of the long half­
lives of plutonium-239/240, they would persist in groundwater for a long time. 

Technetium-99 has been detected at high concentrations in well 590 near the isotope 
production facility, Building 3026. It has also been detected in CHOO8 and several wells at 
smaller concentrations. The distribution coefficient of technetium is almost zero. For this 
reason and because it has a long half-life, it is expected to reach First Creek, the expected 
discharge boundary, undecayed. However, no technetium-99 has been detected in any 
surface water samples. 

The presence in surface water of certain radionuclides (for example, uranium-234 and 
thorium-232) that have very high distribution coefficients cannot be explained in terms of 
Darcian groundwater velocities and distribution-coefficient-dependent retardation factors. 
Their presence may indicate that their mobility is affected by variations in the speciation and 
solubility of the elements and that these variations are not well represented by the K.! values 
used for the computations. It is also possible that groundwater in this area is migrating faster 
than can be explained using porous-media estimation methods, or that contaminants have 
entered the surface water system through inleakage of groundwater to the storm water 
system, through colloidal transport, or both. 

5.3.1.2 Organics 

Well 598 has the highest concentration of any organic compound detected in WAG 1 
groundwater. The maximum concentration of the volatile TCE at this well was 210 mg/L 
(see Sect. 4.3). TCE appears to have completely biotransformed into other products within 
about 600 ft downgradient from this well; no TCE was detected in wells further 
downgradient, although its degradation products, vinyl chloride and 1,2-DCE, were detected. 
(For degradation products of TCE, see Fig. 5.1.1). These transformed products in some 
wells could have been derived from PCE, which was detected in wells 554, 564, 873, and 
886 (see Sect. 4.3). 

Except for 3 p.g/L of TCE found in one sample from Fifth Creek, none of these organics 
were detected in surface water, where they are rapidly lost by volatilization. 

Well 553 shows significant concentrations of BTEX organics. A diesel fuel storage tank 
at this location, which has recently been removed, is the likely source of this contamination. 
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Because the contamination is limited in extent, the release is probably recent. BTEX can 
readily biodegrade in shallow groundwater in the presence of oxygen. 

5.3.1.3 Metals 

Metal contamination in groundwater has not been analyzed for fate and transport. In 
general, metal contamination is found in plumes also associated with radiological 
contamination. The most prevalent metals detected in groundwater are lead, chromium, and 
cadmium. Although several SWMUs with mercury spiIIs have been Identified, no significant 
mercury contamination has been detected in groundwater. 

5.3.2 Surface Water/Sediment 

It is believed that all contaminated groundwater within WAG 1 discharges into the WOC 
drainage system. Surface water is thus the final off-site transport medium. Contaminants 
are carried either in dissolved phase or bound to suspended particles; the latter mode, 
however, is believed to be less important except during large floods, when contaminated 
floodplain sediments can constitute a significant portion of the total stream contaminant load. 

In First and Fifth creeks, maximum radiological concentrations are typically observed 
during low base flow. During high groundwater and during storm events, the effect of 
dilution dominates the effect from any fresh releases and results in overall dilution of 
contaminants. In WOC downstream of the 3513,3524,3539, and 3540 impoundments, this 
trend is not observed. The maximum radiological contamination, primarily tritium, appears 
to coincide with high groundwater. This difference in the pattern of contamination in WOC 
might be the result of influences from the surface impoundments. A plausible explanation 
is that high groundwater flushes out tritium from the impoundments and into pipeline trenches 
and the shallow groundwater system, and these in turn discharge the tritium into WOC. 

In general, radiological contamination in the surface water system is consistent with the 
groundwater contamination. The maximum VOC contamination observed in surface water, 
consisting primarily of pyridine and p-dioxane, occurred at sampling location SW-6. This 
event is believed to be transitory, caused perhaps by episodic discharge from building drains. 
A sample taken a few months earlier at location 0.1CSOO5, just upstream of SW-6, showed 
none of these volatiles. In general, unless there is a continuous source, organic contaminants 
would be lost from surface waters within a few days to a few months because of 
volatilization or other degradation processes (see Table 5.1.4 for half-lives in surface water). 

The occurrence of metals and highly sorbent radionuclides in the surface water system 
is primarily associated with sediments. For example, cesium-137 was only detected in 
unfiltered samples collected as part of the RI. Cesium-137 was also detected in sediment 
samples from WOC at concentrations as high as 2480 pCi/g. These observations are 
consistent with the high K.! values (330 to 1429 cm3/g) measured for cesium in WAG 1 soils 
and illustrate the strong affinity of cesium-137 to soil particles. Other contaminants with 
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similar characteristics include thorium, uranium, plutonium, cobalt (to a lesser degree), and 
mercury. 

The nature and extent of sediment contamination (an indicator of the history of· 
contamination) is described in Sect. 4.6. Because Improved waste management practices 
have reduced contamination in point-source discharges, desorption of contaminants from 
sediments is expected. For example, bed sediment contamination with cesium-137 
downstream of the impoundments was caused, in part, by outfall X07 discharges. Following 
removal of this outfall in April 1990, some desorption of cesium-137 from sediments into 
surface water is expected. However, sediment transport is the chief migration mechanism 
for these contaminants in surface water. 

Floodplain sediments and soils around known mercury spill sites show elevated 
concentrations of mercury, commonly as much as tens of thousands of micrograms per 
kilogram. Vaporization of mercury at these levels could be significant, depending on the 
acidity and humic content of the soil. Mediation by microbial processes could also be 
important for mercury vaporization (Nriagu 1979). The extent of the mercury vaporization 
problem was not investigated during this phase of the RI. Because leaching of mercury is 
negligible in almost all circumstances, no significant migration of mercury in solution is 
occurring through the water pathway. 
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Table 5.1.1. Half-lives of radiological contaminants of concern at WAG 1 

Radionuclide 

Tritium 

Cobalt-60 

Strontium-90 

Technetium-99 

Cesium-137 

Promethium-147" 

Radium-226 

Radium-228 

Thorlum-232 

Uranium-234 

Uranium-23S 

Uranium-238 

Plutonium-238 

Plutonium-239 

Plutonium-240 

Plutonium-241 

Half-life (years) 

12.33 

5.27 

28.8 

2.13 X I()' 

30.17 

2.62 

1.6 X 10' 

5.76 

1.41 X 1010 

2.45 X 10' 

7.038 X 10' 

4.468 X HI' 
87.74 

2.41 X 10' 

6.57 X 10' 

433 

Source: Gilbert, T. L. et al. 1989. A Manual for Implementing Residual Radioactive Material 
Guidelines, Argonne National Laboratory, ANUES-I60. 

"The presence of '''Pm is probably a false positive resulting from analytical procedures, as described in 
Appendix C, Sect. C7. 
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Table S.1.2. Distribution coefficients (KJ for radiological contaminants" 

Radionuclide WAG 1 K" (cm'/'i!' 

Cesium" 300-1429 

Cobalt 10.6-64 

Radium 1.7-52.5 

Strontium 13.5-18.1 

Technetium 0.6-1.0 

Thorium 

Uranium 

Plutonium 

Americium' 

~ of tritium is zero. 
'see Sect. AS.l (Appendix A) for details. 

Gilbert et al. 1989 

Soil/rock 
type pH 

Soils 

Shaly .ilutone, greater than 4 mm 

Alluvium, 0.5-4 mm 
5 
8 

Soil. and clay. 

Soils and clays 

6 

Soils and clays 7 

Shaly silutone, glUter than 4 mm 
7 

Alluvium, 0.5-4 rnm 

Soils and clays 

Silt loam, calcium- saturated clay 6.S 

Montmorillonite, calcium-saturated 6.5 
clay 
Clay soil, U(vi), 6.5 
SmMCa(NO,)' 

6.5 
Silt loam, U(vi), calcium-saturated 
Soils and clays 

Sandy clay 2.S-3.1 

Dolomite 6.S-7.8 

Range of K, 
(cm'/g)' 

190-1,000 

100-310 
120-3,200 
150 
90S 

1,000 

70 
60 
100 

30 
1.4-8 
48-2,400 
500 

60,000 

160,000 

400,000 

4,400 

62,000 

2000 

1-280 

2,600-22,000 

'Source: Gilbert, T. L. et al. 1989. A Manual for hnplementing Residual Radioactive Material Guidelines, ArgoMe 
National Laboratory, ANLIES-16O. 

"Only the name of the element is given. Isotopic form does not influence K". 
'Americium values arc from Isherwood 1979, quoted by W.G. Sutcliffe et aI., Uncertainties and Sensitivities in the 

Peifonnance of Geologic Nuclear Waste !.rolMon Systems, Vol. 2, Lawrence LivermorcNatt. Lab., ONWI-3S2IUCRL-S3142, 
Apri11981, pp. 85-86. 
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Table 5.1.3. Distribution coefficients In soils and clay of selected metals 

Distribution coefficient" Geometric standard 
Metal K.. (cm'/g) deviation' 

Arsenic 3 1.8 

Cadmium 7 2.4 
Copper 20 3.0 

Lead 100 S.S 
Mercury 100 

Silver 100 

Source: Gilbert, T. L. et al. 1989. A Manual for Implementing Residual Radioactive Material 
Guidelines, Argonne National Laboratory, ANUES-I60. 

"Geometric means. 
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Table 5.1.4. Physical, chemical, and fate data for selected organic contamioants 

Half-life range 
(days) 

Mole weight Water solubility Va-plr pressure Henry's Law K.. Surfaee 
Chemiea1 (glmole) (mglL) (mm Hg) constant (mUg) Soil water 

Benzo(a) pyrene 252 1.20&03 5.60E-OO 1.55E-06 5.5E+06 420-480 0.4 
Benzo(a) anlhIllcene 228 5.70E-OO 2.20E~8 1.16E-06 1.38E+06 0.1-5.0 
Phenanthrene 178 l.ooE+oo 6.80E~ 1.59E~ I.40E+04 0.38-2.00 

Benzo(g,h,i)perylene 276 7.ooE~ 1.03E-IO 5.34E~8 I.60E+06 

Benzo(b)fluoranthene 252 I.40E~ 5.ooE~ 1.19E~5 5.50E+OS 1.0-2.0 

Benzo(k)Duoranthene 252 4.30E~3 5.IOE~ 3.94&05 5.50E+OS 

Pyridine 79 l.ooE+06 2.ooE+01 2.0 

p-Dioxane 88 4.3IE+05 3.99E+OI 1.07&05 3.5 
Trichloroethylene 131 1.10E+01 5.79E+OI 9.10E-OO 126 1.0-90.0 
Vinyl chloride 63 2.67E+03 2.66E+03 8.19~ 57 1.0-5.0 
1,2 Dichloroethylene (blIrul) 97 6.30E+3 3.24E+02 6.56E~3 59 1.0-6.0 

1,2 Dichloroethylene (cis) 97 3.50E+03 2.08E+02 7.58E~3 49 1.0-6.0 

Benzene 78 1.75E+03 9.52E+01 5.59E-OO 83 1.0-6.0 VI , -Toluene 92 5.35E+02 2.8IE+OI 6.37E-OO 300 0.17 '" 
Tetrachloroethane 166 1.50E+02 1.78E+OI 2.59E~ 364 1.0-30.0 

Source: EPA 1988. Supeifund Public Heallh Evalll<llion Manual, EPAl540/1-86/060. 
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Table 5.2.1. Principal source-release mechanism-rontaminated media chains for WAG 1 

Source/operable unlt Release mechanlsm 

Tanks, pipes Leaks 

Tanks Structural failure" 

Impoundments Seepage 

Contaminated soils, SWSAlwaste Infiltrating precipitation 
pile 

Contaminated groundwater Direct contact, diffusion 

Contaminated groundwater Discharge 

Surface water Direct contact 

·Postulated, not actual. 

R:\WAOIscs\sECTS.WOI 

Contaminated medium 

Soils, groundwater 

Soils, direct radiation 

Soils, groundwater 

Soils in deeper vadose lone, 
groundwater 

Aquifer matrix 

Surface water 

Sediments 
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Table 5.3.1. Maximum extract concentrations ror selected WAG 1 contaminants 

Analyte 

Cadmium 

Chromium 

Lead 

Mercury 

Cesium-137 

Total radioactive strontium 

ND = not detected. 

Maximum water 
extract concentration 

6.6 Jlg/L 

68.8 Jlg/L 

3.6 Jlg/L 

0.7 Jlg/L 

247,pCilL 

21,730 pCilL 

Corresponding soil 
concentration 

9,000 JIg/kg 

14,200 JIg/kg 

30,200 JIg/kg 

ND (I00U JIg/kg) 

1,148 pCilg 

169 pCi/g" 

"Extract value is higher than expected from soil concentration. Sample nonhomogeneity is suspected to be the 
reason for the unexpectedly high extraction result. 
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Table 5.3.2. Ranges of radionuclide trWlSport velocities-north WAG 1 

Estimated range of transport velocity" 
(ft/day) 

Radionuclide 

Cesium 

Cobalt 

Radium 

Strontium 

'Thorium 

Uranium 

Soil 

8.8 X 10-"-4.9 X 10" 

8.8 X 10-<' 
1.2 X 10-" 
3 X 10-" 

1.5 X 10-" 

2.0 X 10-<' 

Rock" 

1.4 X 10"-5.3 X 10" 
d 

d 

5.2 X 10-'-3.3 
d 

d 

aBased on average groundwater velocities (Table 3.3.4) and K"s for soil and shaly siltstone when available 
(Table 5.1.2). Low range is based on low average groundwater velocity and high K". High range is based on 
high average groundwater velocity and low K". Pb = 1.8 cm'/g and e = 0.4 are assumed. 

'Por rock, K" for shaly siltstone is used. Site-specific K" values for fractured rock may differ considerably 
from these values. 

'Range is too narrow. Only mean value is reported. 
"No K" values available for rock. 

R:\WAGISCSUECT5,WOI 

( 

( 



( 

( 

5-23 

Table 5.3.3. Ranges of radionuclide transport velocities-south WAG 1 

Radionuclide 

Cesium 

Cobalt 

Radium 

Strontium 

Thorium 

Uranium 

Estimated range of transport velocity" 
(ft/day) 

Soil 

4.7 x 10-'-2.6 x 10" 

4.7xI0" 

6.Sx 10" 

1.9xlO·2 

10" 

1.3xIO" 

Rock" 

4.1 x 1()"'-1.3 x 10'2 
, 
, 

I.S x 10"-1.0 
, 
, 

aBased on average groundwater velocities (Table 3.3.4) and K.,s for soil and shaly siltstone when available 
(Table S.1.2). Low range is based on low average groundwater velocity and high K.,. High range is based on 
high average groundwater velocity and low K.,. Pb = 1.8 cm'/g and e = 0.4 are assumed. 

'For rock, K., for shaly siltstone is used. Site-specific K., values for fractured rock may differ considerably 
from these values. 

'No K., values available for rock. 
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6. SUMMARY AND CONCLUSIONS 

This report fulfills an FFA commitment by DOE to document the results of Phase I of 
the WAG 1 RI, which was conducted in accordance with criteria established in the National 
Contingency Plan for remedial investigations under CERCLA. Data presented in this report 
support defmition and prioritization of OUs within WAG 1 and development of a preliminary 

. risk assessment. The OU and risk assessment results are presented in separate documents. 

6.1 PHYSICAL CHARACI'ERISTICS OF THE SITE 

Groundwater at WAG 1 occurs in bedrock and in overburden soils. In the northern 
portion of the site, the water table occurs within bedrock below the overburden; in the central 
and southern portions, the water table occurs within the overburden. 

WAG 1 is underlain by a complex network of buried pipes. In the northwest portion, 
a part of the storm drain network intercepts contaminated groundwater and transfers it 
directly to First Creek. Previous studies reported that some of the pipeline trench backfill 
material is more permeable than the surrounding soil and thus provides a preferred pathway 
for groundwater flow and contaminant transport. Preliminary data collected as part of this 
investigation did not identify significant differences in the hydraulic conductivity of the trench 
backfill material and the surrounding overburden material. 

Strata-bound flow, in which groundwater flow is essentially confined to a single geologic 
stratum, was identified as a significant groundwater and contaminant transport mechanism. 
Because strata-bound flow is controlled by the orientation of bedrock strata and associated 
fracture patterns, flow directions cannot be predicted by hydraulic gradient data alone. Thus, 
strata-bound flow has obvious impacts on the development of groundwater monitoring 
systems and on the selection and design of remedial action alternatives. 

Vertical hydraulic gradients in groundwater at WAG 1 are predominantly upward, 
identifying the site as a groundwater discharge area. Local recharge to shallow groundwater 
occurs only in the northernmost portion of the WAG and locally at the surface 
impoundments. Recharge of groundwater through precipitation within the WAG is limited 
by the presence of pavement and drainage controls. The discharge location for groundwater 
at WAG 1 is the WOC drainage system. There is limited evidence that some groundwater 
locally underflows First Creek toward the west, and it Is assumed that this groundwater is 
eventually captured by Northwest Tributary, itself a tributary to WOC. 

6.2 CHARACTERISTICS OF WASTE MANAGEMENT UNITS AND 
SOURCES OF CONTAMINATION 

One hundred sixty-seven SWMUs have been identified at WAG 1. Before the Phase I 
investigation, 27 of these SWMUs had been identified by EPA as warranting no further 
investigation. Seventy-five of the remaining SWMUs are waste storage tanks; 71 of these 
have been used for collection, treatment, and/or storage of LLLW. Of the remaining four, 
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two are smaIl above-ground steel tanks for temporary waste oil accumulation and storage, 
one is an above-ground stainless steel tank used for nitric acid, and another is an above­
ground stainless steel tank used for sodium hydroxide storage. Twenty-five of the tanks are 
active and 50 are inactive. The inactive tanks were removed from service because of known 
or suspected in- or outleakage, the absence of secondary containment, or the fact that they 
were no longer needed. The active tank systems are subject to contaminant and leak 
detection monitoring under the FFA. 

The major contaminants remaining in the six large Gunite tanks are strontium, cesium, 
thorium, uranium, plutonium, and curium. The activity in these tanks represents about 95 % 
of all of the documented activity in inactive waste management units in WAG 1. Almost half 
of this 95% is in tank W-I0, which holds most of the residual sludge from a previous 
sluicing operation conducted to remove sludge from the tanks. AIl six tanks are classified 
as containing RCRA-hazardous wastes. 

The calculations performed in the structural analysis (Fricke 1986) revealed that the 
reinforcement steel in the part of the tank where the top dome meets the vertical sidewaIls 
does not have sufficient strength to handle the size of the loads that are assumed in the 
original design specifications, without the support of the prestressed steel hoops in that part 
of the tank. This apparent weakness may be the result of overly conservative assumptions 
concerning the remaining strength in the steel used to form the hoops in the dome edge 
region or in the other reinforcing steel and the concrete in that area. These assumptions 
would theoreticaIly aIlow creep and shrinkage in the concrete, losses in strength due to 
internal friction, deformation at the dome ring, and excessive bending in that part of the tank. 
Given the absence of as-built drawings, however, it is also possible that design andlor 
material specifications were exceeded in the construction, resulting in greater strength than 
specified in the design. Because of uncertainties in estimating variables used for the analysis, 
the actual structural behavior of these tanks is difficult to predict. 

Eight surface impoundments within WAG 1 are designated as SWMUs. Two of them 
have been used for sewage treatment as part of the sanitary waste treatment system; the 
others have been used for treatment, settling, and emergency storage of LLLW waste as part 
of the LLLW system, and for surge or equalization basins as part of the PWTP system. One 
sewage impoundment contains elevated levels of radionuclides, confirming previous studies 
indicating that these contaminants probably infiltrated the sanitary sewer pipelines from leaks 
in other pipelines. 

At SWSA 1, five discrete areas of possible buried solid wastes were identified on the 
basis of geophysical evidence. At SWSA 2, the geophysical surveys indicated 17 discrete 
anomalies, 9 of which correspond to locations marking a previous soil boring program. 
Magnetic data indicated the presence of ferrous metal at 15 of the locations, and EM data 
identified the other 2 locations, neither of which correlated to the soil boring program. 

The old LLLW piping system has been a significant potential source of contaminants, 
and the interconnecting utility trench system has the potential to provide preferred pathways 
for contaminant transport. The original LLLW system piping consists of single-walled, 
stainless steel pipe; past leaks from these pipes are r~sponsible for 23 SWMUs identified in 
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WAG 1. The active portions of the LLLW piping system are being replaced with a new 
double-walled system designed to prevent leaks. 

6.3 NATURE AND EXTENT OF CONTAMINATION 

6.3.1 Groundwater 

Several general areas of contamination were identified on the basis of results of the 
groundwater sampling program (see Fig. 4.3.26). Both radiological and chemical 
contaminants were identified in groundwater. The primary radionuclides found in 
groundwater at WAG 1 are strontium and tritium. Radionuclides found less frequently 
include radium-226/228, technetium-99, uranium-234, uranium-238, thorium-228/230/232, 
plutonium-238 and plutonium-239/240, americium-241, cobalt-60, nickel-63, iron-55, and 
cesium-137. Promethium-147 was also detected, but results are suspect because of the 
probable misidentification of this radionuclide. 

There is evidence that strontium-90 is migrating from WAG 1 and seeping into First 
Creek. There is also limited evidence that some of this same plume may be under flowing 
First Creek and migrating westward. Other locations where groundwater may be impacting 
surface water quality are near the surface impoundments and near SWSA 1. Additional data 
are needed in these areas to confirm sources of contamination In surface water (see 
Sect. 6.5). 

The most widespread organic compounds found in groundwater at WAG 1 are TCE and 
Its degradation products 1,2-DCE and vinyl chloride. Benzene, toluene, xylene, and 
ethylbenze were found associated with a buried petroleum storage tank near the steam plant 
(Building 2519). This tank has since been removed. The metals silver, cadmium, 
chromium, lead, and mercury (one sample) were detected at concentrations exceeding MCLs 
in unfiltered groundwater samples from wells within and outside of WAG 1. Cadmium, 
chromium, and lead, in excess of their respective MCLs, tend to occur In the same wells. 
Cadmium, the most widespread metal at elevated concentrations, exceeded the MCL at the 
largest number of locations throughout WAG 1. 

6.3.2 Soils 

Both man-made and naturally occurring alpha-emitting radio nuclides were detected in 
soil samples from WAG 1. Naturally occurring alpha-emitters detected include those from 
the thorium series [thorium-232, thorium-228, radium-224, and bismuth-212 (which emits 
both alpha and beta particles»), and the uranium series (uranium-238 and -234, thorium-230, 
and radium-226). Man-made a1pha-emitters detected include americium-241, plutonium-238, 
and plutonlum-239/240. Most of the contamination Is found in the 3019 area, NTF, STF, 
Isotope area, surface impoundments, Buildings 3503/3504 storage pad, floodplain soils, 
SWSA 1 and vicinity, and the thorium tank farm. Beta-emitting radlonuclides commonly 
found In soils Include cesium-137, strontium-90, and cobalt-60. A variety of other man-made 
radlonuclides exceed reference levels (e.g., technetlum-99, europium-152/154/155, nlckel-63, 
calcium-45, and tritium) but were found less often and are not as widespread. Naturally 
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occurring beta-emitters detected above typical reference values include thorium-232/234 and ( 
radium-228. 

Contamination in soil included 20 VOCs;, 39 BNAEs, 7 pesticides, 2 PCBs, and cyanide. 
PCBs were detected in samples from the CH008 location, which is the site of a former coal 
storage area and near an associated former steam plant. Other borings that yielded samples 
containing PCBs were near Building 3529, south of STF (two borings), the surface 
impoundment (one boring), near the sewage Impoundments, and along WOC and First Creek. 
Dioxins, furans, and herbicides were not detected. 

All metals analyzed were detected in soil samples. The concentrations varied widely, 
possibly indicating both natural variability In the soils and the presence of contamination. 
Concentrations of individual metals in the main plant area and the floodplain soils varied by 
orders of magnitude. Metals that exceeded reference include beryllium, cadmium, 
chromium, cobalt, and mercury. The two highest concentrations of mercury were from 
samples near Building 3592 at a known mercury spill site; the third and fifth highest were 
found in the WOC floodplain soil near the Fifth Creek confluence with WOC. 

6.3.3 Surface Water 

Both man-made and naturally occurring radionuclides were detected during the Phase I 
investigation of WOC, First Creek, Fifth Creek, and Northwest Tributary. The most 
frequently detected were strontium-90 and tritium. 

The highest concentrations of strontium were found In First Creek. Flux calculations 
indicate that during the low base sampling event, approximately half of the strontium in the 
WOC system above the 7500 bridge could be attributed to First Creek and Northwest 
Tributary. During the high base sampling event (including a storm episode), the total 
strontium loadings within First Creek and the rest of the WOC system increased but the 
relative amount of contamination contributed by First Creek and Northwest Tributary 
declined to approximately 25 % of the total amount. Evidently there was a strontium source 
that discharged greater quantities to woe during high base and high base storm flow 
conditions than during low base conditions. Potential sources may include a number of 
outfalls, SWSA 1 runoff or leachate, leaking LLLW lines, contaminated groundwater 
discharge from the main plant area, or seepage from the 3513/3524 surface impoundments. 

Results of a screening survey performed in October 1991 Indicated that elevated gross 
beta activity, presumably strontium, enters First Creek via a seep near the contact between 
Chickamauga Units D and E, and two storm water outfalls (341 and 342) west of Building 
2500. 

Concentrations of tritium detected in surface water were below the SDWA MCL of 
20,000 pCilL. Previous studies reported significantly higher concentrations at the 7500 
bridge (i.e., up to 590,000 pCi/L), approximately 100 ft upstream of SW-6 in WOC. This 
suggests that there is a potential for high variability in the amount of tritium in WOC. 
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The highest concentration of ceslum-137 was found in samples collected during low base 
conditions at a location near the surface impoundment and SWSA 1. Cesium-137 was not 
detected in filtered samples, indicating that it is transported through adsorption to suspended 
sediments. Potential sources of cesium-137 include seepage from waste management units 
along WOC (including the surface impoundments and SWSA 1), discharge from outfalls, and 
erosion/suspension from bottom sediments and floodplain soils. 

No metals were detected at concentrations exceeding their respective MCLs. No 
organophosphorous pesticides, dioxins/furans, or chlorinated herbicides were detected in 
surface water samples. Of the few VOCs and BNAEs detected, only the VOCs pyridine and 
p-dioxane may be of concern, although they were detected in only one sample. 

6.3.4 Sediment 

Both man-made and naturally occurring radionuclides were detected in sediment samples 
from WAG 1. Radionuclides associated with the natural uranium and thorium decay series 
were detected at concentrations within reference ranges and are not considered site 
contaminants. All man-made radionuclides, including the transuranics americium-241, 
curium-242, and curium-243/244, were detected at concentrations exceeding reference levels, 
indicating that these are site contaminants. Ceslum-137 was the most frequently detected 
man-made radionuclide in sediments. Sediment from three WOC locations between Third 
Street and First Creek contained cesium-137 at concentrations 1 to 2 orders of magnitude 
greater than reference concentrations. 

VOC contamination in sediments was minimal. However, PAHs associated with coal 
combustion and parking lot runoff were detected in samples throughout WOC and in Fifth 
Creek. The metals cadmium, chromium, copper, lead, and mercury were detected above 
reference levels. 

The concentrations of mercury detected were comparable to those reported in previous 
studies, although the maxiI!1Um concentrations found in previous studies at locations 
associated with outfalls into Fifth Creek were not encountered. This difference is likely due 
to the selection of sampling locations and should not be viewed as an indication that the high 
concentrations of mercury detected In previous studies (e.g., 4874 to 7427 p.g/g near outfall 
261 (Taylor 1990a) have dissipated. 

6.4 GENERAL OBSERVATIONS ON OPERABLE UNITS 

Based on the results of the Phase I investigation and previous studies, three types of 
releases and potential exposure conditions can be recognized. 

Approximately 9S % of the documented inventory of radionuclides within inactive waste 
management units in WAG 1 is contained within the underground storage tanks in STF. 
While there have been no documented releases from these Gunite tanks, their age and 
uncertain structural integrity suggest the potential for a release in the future. Given the large 
radiological inventory and similar construction, these tanks, along with similar but smaller 
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tanks in NTF and tanks W-ll and TH-4, are grouped as one source control OU designed to 
prevent future releases that might result in either groundwater contamination or exposure of 
the on-site work force to airborne contamination. 

Continued migration of releases beyond the WAG boundary could potentially introduce 
contamination to environmental receptors via surface water or could contaminate groundwater 
within Bethel Valley. Continued discharge of containination could also increase the scope 
and costs of future remedial actions. Specific OUs identified to control the discharge of 
contaminaiion beyond the WAG boundary include the control of (1) discharges to surface 
waters through the network of storm drains and pipelines, (2) discharge of contaminated 
groundwater to surface water, and (3) potential erosion of contaminated floodplain soils and 
sediments along WOC through scour, suspension, and transport of bed sediments. 

Existing contamination within the WAG 1 boundary could lead to potential exposure of 
the on-site work force or future receptors unless control measures are maintained. ORNL 
has a rigorous environmental health and safety program designed to protect the work force 
from both occupational and environmental hazards. Administrative controls are in place at 
contaminated areas to prevent inadvertent worker exposure; some areas also have temporary 
covers designed to retard the migration of transferable contamination. Based on preliminary 
analysis, it appears that contamination within the soils is relatively immobile because of the 
absorption capacity of the clayey soils for radionuclides. However, in the absence of these 
administrative controls, future occupants would be exposed to this contamination. Specific 

( 

OUs identified to address the potential for future exposure to this contamination include ( 
remediation of contaminated soils (including isotope area, 3000 watershed soils, mercury spill 
areas, and miscellaneous soils), waste pile, SWSA 2, and underground stainless steel waste 
storage tanks. 

In all, 13 preliminary OUs were defined for WAG 1: 2 for inactive tanks, 1 for surface 
impoundments, 3 for disposal/debris areas, 6 for contaminated media, and 1 that focuses on 
the pipeline network as a contaminant transport pathway (Fig. 6.1). The OUs were defined 
using characterization information provided in the SCSR and definition criteria developed 
from CERCLA and FFA guidance. The definition criteria address release and transport 
pathways, remedial action technologies, geographical considerations, initial phases of 
remedial action, and overall implementation efficiency. Because the criteria are subjective, 
the OUs are not considered unique groupings; other permutations are possible, and the 
proposed OUs are defined with elements and boundaries that can be optimiZed in the future 
on the basis of new characterization data or alternatives evaluations. A complete description 
of each OU is presented in the OUSD. 

Further analysis of OU-specific characterization data is presented in the WAG 1 
Preliminary Risk Assessment Report, which accompanies this SCSR. Characterization data 
have been used to compute a Hazard Screening Index (HSI) for each OU; the HSI scores 
enable ranking of each OU by its hazard potential. These scores are used with other 
information in the WAG 1 Operable Unit Strategy Document to present a preliminary plan 
for remedial actions. Figure 6.1 shows the locations of source areas and areas of 
contamination associated with most OUs. Certain OUs (e.g., groundwater) cannot be 
depicted, as explained on this figure. 
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6.5 ADDITIONAL INFORMATION NEEDS AND UNCERTAINTIES 

There are a number of areas where additional information would contribute to a better 
understanding of the nature and extent of contamination or the fate and transport of 
contaminants. Addressing these topics would contribute to developing remedial action plans. 

6.5.1 Waste Unit Characterization 

6.5.1.1 ~urface impoundments 

Tritium was detected at high concentrations In wells associated with the 3513/3524 
surface impoundments; data on the tritium levels within these impoundments were not 
available. If the tritium concentrations detected in the monitoring wells are derived from the 
impoundments, there should be a significant concentration of tritium within the 
impoundments. Samples from these impoundments should be analyzed for tritium. Because 
tritium is volatile, an air exposure pathway may be of concern. 

6.5.1.2 Short-lived radionuclides 

Radionuclides with short half-lives, (e.g., calcium-45 and sodium-22) were detected in 
soil and sediment samples. These radionuclides are either fission products, activation 
products, or daughters of known site contaminants. The presence of such isotopes may be 
an indication of a potential chronic discharge from an ongoing process within WAG I, or the 
residual activity of previous releases. The relationship of these radionuclides to potential 
sources should be considered further. 

6.5.1.3 Gunite tanks 

Water inleakage into several Gunite tanks in STF has been documented, but the causes 
have not been conclusively determined. Potential causes are groundwater seepage, rainwater 
infiltration through loose-fitting plugs in the domes, and unsuspected discharges from other 
tanks. The causes of infiltration should be determined before these tanks are remediated. 

6.5.1.4 NTF and STF 

Data collected from NTF and STF suggest soil contamination in those areas. However, 
groundwater quality data from the vicinity of the tank farms are limited. Monitoring wells 
should be installed into bedrock within the tank farms and sampled to assess water quality. 
The wells would also provide data on water level fluctuations needed to assess tank 
inleakage. 

6.5.1.5 Storm drain network 

In at least one instance, contaminated groundwater infiltrates an underground stormwater 
drainage network, which in turn discharges to surface water (I.e., the corehole CHOO8 
plume). Other instances are suspected, such as the association of radiological contaminants 
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in wells 814 and 587 with process pipelines or storm drains in the hilltop area and the ( 
association of radiological contaminants in piezometers 549, 545, 546, and 538 with the 
storm drain network. These associations should be evaluated in more detail; additional 
sampling of outfalls, catch basins, and other access points in the storm drain network may 
be necessary to determine whether the upstream pipeline/drain network is receiving 
infiltrating contaminated groundwater. Samples from outfalls 341 and 342 should be 
analyzed for radionuclides to confirm the suspected presence of strontium-90 and radium-228. 

6.5.1.6 SWSA 1 

The presence of drummed waste buried in SWSA 1 is suspected on the basis of 
geophysical survey data. To support future remedial action decisions, sampling to identify 
the presence and nature of these wastes should be considered. Additional sampling of 
sediments and surface water in woe would be useful in the characterization of potential 
releases of contamination from SWSA 1. There is also radiological contamination in 
groundwater near SWSA 1. If contamination is leaching from SWSA I, portions of it may 
become strata-bound and migrate downdip (southward). A deep bedrock well south of 
SWSA 1 on the slopes of Haw Ridge is needed to evaluate whether this is occurring. 

6.5.1.7 SWSA 2 

Anomalies detected during the geophysical survey of SWSA 2 suggest the presence of 
isolated metallic objects. Some anomalies correspond to the sites of former drilling, ( 
suggesting that drilling pipe remains in the hole. Other anomalies do not correlate with 
former investigation locations and could indicate the presence of metallic wastes. A limited 
invasive sampling effort should be considered because, in other respects, SWSA 2 is a 
candidate for a "No-Further-Investigation" classification. 

6.5.1.8 Tank W-IA 

Thorium-232 was found in groundwater in this area. Tank W-IA was removed from 
service, but pipelines associated with it and other pipelines in the area may have been the 
source of contamination. Residual contamination in soils surrounding the pipelines may serve 
as a secondary source of contamination. Additional soil borings in this area may be needed 
to evaluate the source of contamination. 

6.5.1.9 Characteristics of surplus facilities 

Buildings 3506 and 3515 (adjacent to STF), surplus facilities included in the DOE 
Decontamination and Decommissioning Program, are located close to source areas and 
known areas of groundwater and soil contamination. These structures might be impediments 
to execution of remedial action plans for these source areas and areas of contamination; their 
presence after completion of remediation of soyils and groundwater could also pose a threat 
of recontamination. To fully identify and assess OU-specific remedial action alternatives, 
the characteristics of these structures and the contamination present within them must be 
determined. 
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6.5.2 Groundwater, Surface Water, Soil, and Sediment 

Surface water, sediment, and floodplain soil samples indicate that a significant amount 
of contaminant loading to WOC occurs in the vicinity of the impoundments and SWSA 1. 
Potential sources of this contamination include seepage from the surface impoundments and 
SWSA i, outfalls, leaking waste or drain lines, and groundwater discharge. Additional 
characterization, including detailed sampling of surface water and sediments, is needed to 
further delineate the sources of contamination in this area. 

A groundwater plume has been identified as extending from the corehole CHOOS area 
to First Creek and possibly as far west as piezometer 535. This plume was identified only 
on the basis of CSL screening level analyses of groundwater and surface water samples, 
which did not include determinations of specific isotopes, but rather measured broader 
parameters (gross alpha and beta). Resampling of the First Creek seep location and 
piezometer 550 is justified to confirm the nature of contamination in the plume. In addition, 
flux rates of contaminated water from the plume into First Creek have not been computed. 
Two to three piezometers should be installed near the First Creek seep location; these 
piezometers and the seep should be sampled on a regular basis to provide data on the flux 
of contamination into First Creek. Water level measurements should also be made regularly, 
possibly using continuous water level recorders. 

The depth and western extent of the plume (presumed to be predominantly strontium-90) 
also have not been determined. Additional multiport monitoring wells and piezometers would 
assist in defining the depth and extent of the plume. In addition, the source of the plume is 
not known; additional wells near NTF and in the hilltop area are needed to identify the 
source. 

Contaminated sediments (mostly cesium-i37 and mercury) were widely detected in 
WOC, and the transport mechanisms for these sediments are not well understood. Because 
these sediments represent potentially significant pathways for off-WAG migration to White 
Oak Lake, data on transport mechanisms and levels of contamination are needed to support 
future evaluations of remedial alternatives. Numerical modeling of sediment transport would 
be useful. 

A significant number of surface water and sump samples exceeded holding time 
guidelines for mercury analysis. Due to the volatility of mercury and its confirmed presence 
in sediment samples, it is possible that reported concentrations for surface water and sump 
samples could be biased low or could represent false negative results. Additional sampling 
of surface water and sump locations to confirm the presence or absence of mercury may be 
warranted. 

Significant radiological contamination was detected in floodplain soils; additional data 
on the vertical and areal extent of contamination are needed to evaluate the need for 
remediation. Data on the erodibility of the floodplain soils and other geotechnical parameters 
are also needed to evaluate the need for and selection of remedial actions. Numerical 
modeling of surface water processes and the erosion and transport of the floodplain soils 
would be useful. 
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Groundwater contamination has been identified within bedrock fractures and solution 
cavities of Unit D of the Chickamauga Group, but neither the extent of contamination nor 
all sources are understood. Additional monitoring wells completed in Unit D within WAG 1 
would be needed; most of the existing monitoring network is completed in the 
bedrock/overburden interface zone and may be too shallow to detect primary contamination 
zones. 

Elevated levels of VOCs and tritium were detected in groundwater samples from the 
318- and 331-ft depth intervals of corehole CHOO9, respectively. Because the potentiometric 
head and flowmeter data indicate that flow is upward in these intervals, the presence of these 
contaminants is believed to be due to transfer of shallow contamination during packer testing. 
Similarly, elevated concentrations of tritium were detected in a sample from 129 to 141 ft 
of depth. This tritium may have entered the test interval during the packer test as a result of 
leakage around the packers. Additional sampling, preceded by thorough purging of the 
monitored intervals, would resolve this uncertainty. 

Many building sumps at WAG 1 were found to contain contaminated liquids. For most 
sumps, neither the source nor ultimate disposition of these liquids is known. Future efforts 
should focus on identifying the sources of the contamination detected in the sumps and on 
the potential for releases of these contaminants into the environment. 

Several open coreholes already drilled in WAG 1 could be fitted with sampling and 

( 

testing equipment to provide additional data on site hydrology and groundwater ( 
contamination. Instrumentation would include installation of sampling systems to allow 
groundwater sampling and hydraulic testing at selected intervals. Corehole instrumentation 
could include the following. 

• Evaluation of VOC and radiological contamination at corehole CH07 A would provide 
data on the possibility of strata-bound flow in Unit D. 

• Coreholes CHUA and CH012 would provide data on possible underflow of 
contamination below First Creek, on the presence of radiological contamination at 
corehole CHUA and nearby piezometer 541, and on the hydrologic and geochemical 
characteristics of Unit F. 

• There is evidence of radiological and chemical contamination in corehole CHOO9. 
However, packer tests completed on this corehole may not have provided water quality 
samples representative of the intervals being tested. Installation of a multiport well 
would allow the presence or absence of contamination to be confl11lled. 

• Instrumentation of corehole CHOO3 would provide data on groundwater contamination 
and hydrogeology near Fifth Creek. There has been little data collected thus far 
regarding the interaction between groundwater and Fifth Creek. 

The conceptual groundwater model of WAG 1 indicates that all groundwater is captured 
by the WOC system. However, there is evidence of local underflow of First Creek. It is (, 
assumed that this underflow is eventually captured by Northwest Tributary, but there is little 

R:IWAOISCSISECTION6 



( 

;( 

6-11 

evidence to support or contradict this assumption. Additional wells located west of WAG 1 
and near Northwest Tributary would be needed to address this issue. These activities should 
also include the location and sampling of groundwater seeps and detailed calculation of water 
balances for the WOC drainage system. 

High activities of gross beta and gross alpha were found in unfiltered samples from 
piezometer 584, located at the intersection of Central Avenue and Fourth Street. Samples 
were analyzed at the CSL only, and no isotopic analyses were completed. Additional 
sampling, including filtered samples, is needed to confirm and characterize the presence of 
contamination at this location. 

Elevated concentrations of radium were found in piezometers northwest of WAG 1. 
Tritium was also detected above background concentrations in piezometer 539. The source 
of this contamination is not known; additional review of information on waste management 
practices in this area is needed to help determine a source of the groundwater contamination. 

Corehole CH07 A contained elevated concentrations of VOCs and radionuclides. There 
are no nearby bedrock wells to evaluate the extent of the contamination or to define possible 
source areas; additional bedrock wells may be needed in Unit D in this area. 

The hydrologic characteristics of the pipeline trenches have not been adequately 
characterized. Soil borings drilled during the Phase I RI provided limited data, but safety 
restrictions on the proximity of the borings to the pipelines and on the approved augering 
methods may have resulted in many borings being too shallow and too far from the pipelines 
to allow interception with the trenches. 

6.5.3 Representativeness of Reference Data 

Concentrations of certain metals (e.g., aluminum, iron, potassium) vary widely in 
samples from WAG 1 but only within a very narrow range in the reference samples. This 
difference may be due to contrasts in the geochemistry of the stratigraphic units between the 
reference well and WAG 1 well locations. Similarly, concentrations of naturally occurring 
radionuclides vary significantly, making it difficult to recognize with certainty where 
naturally occurring isotopes could be present as contaminants (due to their concentration or 
enrichment through various operations). Currently, the reference groundwater network for 
WAG 1 consists of two locations at which two rounds of sampling have been conducted and 
three locations at which one round has been completed. An expanded reference well network 
would be needed to support a more definitive interpretation of metals contamination in 
WAG 1 groundwater. 
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